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Preface

ThisdocumentDatabase Support for Replication, specibeshe programmingnterface
to enablepluggablereplicationprotocolsandtoolsin relationaldatabasenanagement
systems.

This specibcations presentedn the contect of the Java platform. It is however pos-
sibleto mapit to otherlanguagesnd platformsasit relieson standarcconceptsand
interfaces. For clarity, we make referenceonly 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

Theaudiencdor thisdocuments:

e developersof relationaldatabasenanagemergystems;

¢ developersof databaseeplicationprotocols.

How This Specification Is Organized

Sectionl introducesthe interfacein the context of the GORDA projectaswell as
documentorventionsused.Section2 describeshe goals,scope andrequirement®f
theproposednterface.Section3 presentshe abstracmodelof transactiorprocessing
underlyingtheinterfaceaswell askey designpatterns Sectiord discussetheinterface
in detail. Finally, Section5 is a guideto samplecodedistributedwith theinterface.

Related Literature

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

o The Java™ Language Specification by James Gosling, Bill Joy, and Guy L. Steele.
Addison-Wesley, 1996, ISBN 0-201-63451-1

e JSR-54: JDBC™3.0 Specification by Jon Ellis and Linda Ho with Maydene
Fisher. Sun Microsystems, 2001.



1 INTRODUCTION AND BACKGROUND

1 Introduction and Background

1.1 Introduction

This documentspecibes programminginterfacethat allows the processingpf SQL
statementsn a relationaldatabasenanagemensystemto be inspectedjntercepted,
andalteredin orderto enablereplication.

Replication is understoodsproviding multiple copiesof a databaseincluding partial
copies,addressingnultiple consisteng criteria, fault tolerance and scalabilitygoals.
Thisincludesmechanismsometimeslsoreferredasclustering andsynchronization.

1.2 The GORDA Project

Thegoalof the GORDA projectis to fosterdatabaseeplicationasa meango address
the challenge®f trust,integration,performance,andcostin currentdatabasesystems
underlyingtheinformationsociety Thisis to beachiezedby standardizingrchitecture
andinterfaces,andby sparkingtheir usagewith a comprehensie setof components
readyto bedeployed.

GORIA is supportedoy the EuropeanCommunityunderthe Sixth EuropeanJnion
Framevork Programmeor Researchtand TechnologicalDevelopment,thematicpri-
ority Information Society Technologiescontractnumber004758. The consortiumis
composediy U. Minho, U. della Svizzeraltaliana,U. Lisboa, INRIA Rh™ne-Alpes,
ContinuentandMySQL.

More informationis availableat:

e http://gorda.di.uminho.pt


http://gorda.di.uminho.pt

1.3 Document Conventions

1 INTRODUCTION AND BACKGROUND

1.3 Document Conventions
1.3.1 Definitions

Thisdocumentisesdebnitiondasediponthosespecibedn RFC-2119Seehttp://www ietf.org/).
For a betterreadingexperiencehesetermsarewritten in lowercase.

Tablel: Specibcationerms.

Term Definition

MUST The associatediepbnitionis an absoluterequirementof
this specibcation.

MUST NOT Thedebnitionis anabsolutgprohibition of this specibca-
tion.

SHOULD Indicatesarecommendegractice.Theremayexist valid

reasonsn particularcircumstanceso ignorethis recom-
mendation put the full implicationsmustbe understood
andcarefullyweighedbeforechoosingadifferentcourse.

SHOULDNOT Indicatesa non-recommendepractice. Theremay exist
valid reasondn particularcircumstancesvhenthe par
ticular behaior is acceptabler evenuseful,but the full
implicationsshouldbe understoodindthe casecarefully
weighed before implementingary behaior described
with this label.

MAY Indicategthatanitemis truly optional.

1.3.2 Formatting Conventions

This specibcatiousesthe following formattingconventions.

Table2: Formattingcorventions.

Convention Description

fixed Usedin all Java code including keywords, datatypes,
constantsmethodnamesyariablesclassnamesandin-
terfacenames.

italic Usedfor emphasisandto signify the brstuseof aterm.



http://www.ietf.org/

1 INTRODUCTION AND BACKGROUND

1.4 Open Issues

1.4 Open Issues

¢ Additional pipelinestagesshouldbe consideredNamely supportfor federated
anddistributeddatabasewith arewriter stageandlow level obsenation of disk
I/0 with aphysicalstage.

e Thespecibcatiorof the optimizerstagereferredin Figurel (seeSedion 3) has
beenomittedfrom the currentrevision, asexisting prototypeshave shavn limi-
tationsin the currentproposal.

¢ Adequationto the version4.0 of the JDBC specibcationnamelyregardingthe
exceptionhierarcly.

1.5 Contributors

¢ Alfranio CorreiaJr., U. Minho

e NunoCanalho,U. Lisboa

e NunoA. Canalho,U. Minho

e EmmanuelCecchetContinuent
e Susanduedesy. Lishoa

e Rui Oliveira,U. Minho

e JosZPereiralJ. Minho

e Lu's RodriguesU. Lisboa

e Lu’'s SoareslJ. Minho

e RicardoVilaea, U. Minho

1.6 Feedback

Pleasesendary commentsandquestionsoncerninghis specibcatioto:

community@gorda.di.uminho.pt


mailto:community@gorda.di.uminho.pt

2 SCOPE AND REQUIREMENTS

2 Scope and Requirements

2.1 Goals

Support for multiple replication techniques. The specibcatioraims at enabling
the useof the multiple replicationtechniquesound in the literature,encompassing
asynchronouandsynchronouseplication,conserative andoptimisticexecution total
andpartialreplication.

Portability of replication protocols. Themajorgoalof the specibcations to allow
replicationprotocolsto be reusedwith multiple databasenanagemergystems.

Multiple implementation strategies. The specibcatioreims at allowing multiple
implementatiorstratgies,namely within thedatabaseseneritself or asa middlevare
wrapper

Performance. Although shieldingthe developerfrom databaseener internals,the
interfacemustallow efbcientimplementations For instance by not forcing multiple
datacorversionstepsor by imposingoverly restrictive concurreng models.

Compatibility with existing interfaces and idioms. Thespecibcatiofuilds on ex-
isting interfacesandidioms, thusmakingit immediatelyfamiliar to databaselevelop-
ers.

2.2 Non-Goals

Replication protocols. The specibcatiordoesnot include ary specibcreplication
protocol,thusomittingall issueselatedo consisteng criteriaandupdatemechanisms.

Communication protocols. The specibcatiordoesnot specify interfacesfor com-
municationprotocolsto disseminateipdates.

Configuration and management. The specibcatiordoesnot specify interfacesto
bootstragreplicationprotocolsor to managehemwhile running.

2.3 Requirements

Java Standard Edition platform. All interfacesusethe Java languageand make
useof the standardava.sql  andjavax.sql packages.A Java runtimeis thus
requirecto deploy replicateddatabasenanagemergystemsbasednthespecibcation.

Server-side JDBC. To supportdirect base-lgel to meta-level calls andtransparent
modibcatiorof base-lgel requestaisdescribedn Section3.7,thedatabaseenermust
provideaSenersideJDBCinterface. Thisis widely availablein databasenanagement
systemssupportinglava storedprocedures.

10



3 DESIGN

3 Design

3.1 Approach and Terminology

This specibcatioris basedon a reRectve model of transactiorprocessing.The exe-
cution of SQL codeby the database server is abstractedsa pipelinethatperformsa
numberof processingteps.

Accordingto theusualnamingin rel3ectve systemsthe base-level denotesSQL code,
asissuedby applicationprograms. The meta-level denotesadd-onmiddlevare that
obsenesandmodibeghe processingf base-lgel code.

Eachsrage of thepipelineproducesanintermediatalatastructurehatcanbeinspected
andmodibed.Metalevel codecanregisterevent handlers to be notibedwhena stage
hascompleted.It canalsocontrolwhenthe next stageis started.Relatedeventnotip-

cationsreferencea commoncontext object,describingtheir relation.

3.2 Overview

Figurel: Abstracttransactiorprocessingnodel.

Server-side JDBC Meta-level
/ (Java replication middleware)

Java Stored Procedures

/

Base-level
(SQL application code)

{ DBMS Context

 Database Context

" Connection Context
fTransactiun ontext
,7 Request Corgext

Receiver Stage
Parser Stage
Optimizer Stage
Executor Stage
Log Miner Stage

T

e

As shown in Figurel, thespecibcatiombstractSQL processindpy thedatabassener
asreceving, parsingoptimizing,andexecutingstatementsTheresultingtransactional
log canthenbe obsernedasynchronously

Multiple statenentscan be provided in a single request. Therefore,resultingevent
notibcationawill referenceacommonrequestcontet. Likewise, several requestsan
beissuedn the contet of atransactionTransactiongxecutein the contet of aclient
connection. Client connectionsare establishedo a specibcdatabasen a database
managemergystem.

11



3.3 Event Handling 3 DESIGN

Base-loel (i.e., SQL applicationcode)calls into meta-lerel implicitly, aseventsare
triggeredwhenit traverseghe pipeline. Meta-level (i.e., Java replicationmiddlewvare)
inBuencedase-lgel by interactingwith datastructuresithin the pipelineasdepicted
in Figurel.

It is however possiblethat SQL codecallsdirectly into meta-level by meansof custom
Java storedprocedures.lt is alsopossiblethat meta-level issuesSQL statementdy
meanf Sener-sideJDBC connections.

3.3 Event Handling

Meta-level code mustregister event-handlergo interceptthe Bow of data-structures
within the pipeline. An event handlercan be setin two different modes: blocking
andnon-blocking. Thisis choseratruntime by specifyinga booleanparametewhen
settingthe handler

Blocking mode

Whena handleris setin blockingmode,the databaseener mustsuspendhe current
activity until boththe eventhandlerhasreturnedandthe continueor cancelmethods
have beeninvokedin the eventobject. The meta-lerel codecandoit in ary ordet

Figure2 shavs anexampleof a statemenhandlerbeingsetin blockingmode.Execu-
tion is suspendedntil continueis invoked afterwaiting for anexternalevent.

Figure2: Blocking notibcation.

s:StatementProcessor h:StatementExecutionListener
1
1
| -

setStatementExecutionListener(h,true
___________________________ >l
1
1
1
1
1
1
1
1
1

«creater st:Statement

handleStatementExecution(st)

i | -

continueExecution|

12



3 DESIGN

3.4 Event Concurrency

Non-blocking mode

When a handleris setin non-blockingmode, the databasesener may suspendhe
currentactivity until the eventhandlerhasreturned.Meta-level codemustnot invoke
continueor cancelmethodson theevent.

Figure 3 shavs an exampleof a statementandlerbeing setin non-blockingmode.
Executionis suspendedvhile calling the handlerand resumegight after the handler
returns.

Figure3: Non-blockingnotibcation.

s:StatementProcessor h:StatementExecutionListener
1
1
L

setStatementExecutionListener(h,false)
___________________________ »!
1
1
1
1
1
1
1
1
1

«create» st:Statement

1
handleStatementExecution(st;

«destroy» E>I<

Figure4 shavs anexampleof adatabaseener thatspavnsa separat¢hreadfor asyn-
chronousnotibcations.This meanghatthe meta-level handlermustnot inBuencethe
base-lgel andassumary synchronizatiometweenseparatasynchronousvents.The
formerpointcanbeachie/edby eithercreatingcopiesof the objectsonwhichtheevent
occursthusensuringthatonecanaccesshem,without any concerningon objectlife
cycles;or only enablingaccesgo staticinformationor identibcationdata(e. g., trans-
actionidentibcationrequesidentibcation).

Methodsto continueandcancelkexecutionareavailablein interfaceExecutionControl
asshavnin Sectiond.2.21,andall its sub-interfices.

3.4 Event Concurrency

The implement&ion may invoke multiple event-handlersoncurrently even if regis-
teredin blocking mode,unlessthey dependon eachother It is up to the meta-level
codeto handlesynchronizatiorwhererequired.

Dependeny relationsexist betweeneventsin nestedcontets. Namely eventsare
triggeredin acontext only whenall outercontets arein theUPor ACTIVE state.This
meanghat STARTINGeventsarenotibedprstfor outercontexts and CLOSEDevents
prstfor innercontexts.

3.5 Commit Order

Commitorderis determinedy the orderby which meta-level codeinvokes
Transaction.continueExecution() upona

13



3.6 Context Attachments

3 DESIGN

Figure4: Non-blockingnotibcation(threadedmplementation).

s:StatementProcessor h:StatementExecutionListener
1
1
L

setStatementExecutionListener(h,false) J

«creater st:Statement

«create»

t:Thread

1
1
1
1
1
|
I
I
I
I
I
I
-
I
I

handleStatementExecution(st)

< «destroy»

X

><_________________

B

TransactionConstant. TRANSACTION_COMMITTING event. The metalevel
codemustensurethatno concurreninvocationsof suchmethodexist within thesame
databaseontext.

When no blocking event-handlelis registered(i.e., no event-handlerat all or only a
non-blockingevent-handler)the commitorderis unspecibed.

3.6 Context Attachments

Context interfacesallow applicationspecibcstateto be attachedand recoveredlater
whenhandlingdifferentevents. The databasesener mustthereforeassociateéhe ref-
erencewith the contet andreturnit in futureinvocationson the samecontet. Thisis
similar to whatcanbe donewith java.nio.SelectionKey in the standardlava
library.

Figure5 shavstwo differentstatementbeinghandledwithin thesamerequestontext.
Uponthe Prstinvocation,the databaseener mustreturnnull . After anobjecthas
beenattachedit mustbekeptandreturnedater. An attachmenis removedby setting
it tonull . SeeinterfaceContext in Section4.2.7.

3.7 Base-level and Meta-level Calls

A directcall to meta-lerel codemay be forcedby the applicationprogrammeby reg-
isteringit asa native procedureandthenusingthe CALL SQL statementThis causes
a call to the meta-lerel codeto be issuedfrom the base-lgel codewithin the Execu-
tor Stage. Thetargetprocedurecanthenretrieve a referenceo the enclosingRequest
Context andthusto all relevantmeta-interbces(seeFigure6).

Meta-level codecan callbackinto base-lgel in two differentsituations. The prstis
within adirectcall from base-lgel to issuestatementi anexisting enclosingrequest

14



3 DESIGN 3.8 Notification-Disabled Contexts

Figure5: Usinganattachmento storerequesstate.

s:StatementProcessor h:StatementExecutionListener
e

«create»

st1

1

1

1

1

1

1

! 1
! handleStatementExecution(st1)
T 0
1

1

1

1

1

1

1

. getRequest()

1
1
handleStatementExecution(st2) 1
T
1

1
1
1
|
Sf
I
I
I
I
! «create» -
| —_—
I
I
I
|
[
I
I
I
I
I
I

getAttachment()

1
«destroy» ><

RN

«destroy» E><

contt. This canbe achieved using the Sener-side JDBC interface by looking up
the jdbc:default:connection driver, asis usually donein Jasa procedures.
The secondoptionis to usethe enclosingDatabase Context to openanew base-ével
connectiorto thedatabase.

Transactionsssuedatthe meta-level usingclientinterfacesmustbe signaledby invok-
ing thefollowing SQL command:

SET TRANSACTIONAS MASTER

The databassener mustnot rel3ectary furthereventswithin the correspondingon-
nection Context t0 avoid recursion.

3.8 Notification-Disabled Contexts

RelRectioncanalsobe disabledon a case-by-casbasishy invoking an operationon
contt meta-objects. Therefore,meta-level code can disableref3ectionfor a given

15



3.9 Transaction Priority

3 DESIGN

Figure6: Base-leel callsmeta-level.

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

1
"CALL p(" X

invoke()

getRequest()

T
1
1
1
1
|
T
1
1
L.I_ ______ L > meta operations
.
Z
y

result set

request,a transaction,a specbc connection,a databaseor even an entire database
managemendgystem.SeeinterfaceContext in Section4.2.7.

3.9 Transaction Priority

Base-l@el callsissuedby meta-level codeinteractwith regulartransactiorprocessing
regardingconcurreng control, namely how areconfictsthatrequirerollback arere-

solved. This happensn multi-versionconcurreng control wherethe brstcommitter
wins or, regardlessof concurreng controlstratgy, wheneaer resolvingdeadlocks.

A compliantimplementatiormustensurethattransactionsssuedat meta-level do not
abortin faceof conBictswith regularbase-lgel transactions.

3.10 Exception Handling

The handlingof base-lgel exceptionswithin the DBMS is not changed other than

issuing notibcationsto the meta-level when transactionsare abortedor connections
closed. The DBMS mustreactto unhandledexceptionsat the meta-level within a

transactiorcontet by abortingthe encolsingransactionsOtherexceptionswithin the

scopeof a connectioncontext may closethe client connection.Otherexceptionsmust

behandledby leaving thedatabasé apanicmode thusrequiringexternalintervention

to repairthesystem.

Exceptionsduring meta-level to base-lgel calls needadditional should be handled
asmeta-level errorsto avoid disseminatingerrorsinsidethe databasevhile executing
the base-lgel code. For instancewhile a transactions committing, meta-lerel code
might needto executeadditionalstatement$o keeptrack of custommeta-information
onthetransactiorbeforeproceedingandthis actionmight causeerrorsdueto deadlock
problemsor low amountof resources.

3.11 Configuration and Bootstrap

Conbguratiorof meta-level is out of the scopeof this specibcationlt is thusimple-
mentationdependenhow suchcodeis loaded. The implementatiordependentoader

16



3 DESIGN 3.11 Configuration and Bootstrap

musthowever provide referencego singletonobjectsthat provide accesgo theinter-
face. In detail, it mustprovide referenceso contet singletonsi.e., interfacesnamed
with aProcessor  sufbx.

For eachimplementedandactive stageof the pipeline,the implementatiormustpro-
vide its respectie singletonobject,i.e., interfacesnamedwith the Stage sufpx.

17



4 API DESCRIPTION

4 API Description

4.1 Overview

The main part of the specibcatioris containedin packagegorda.db  describedn
Section4.2, including all contets and relatedinterfaces. A diagramoutlining the
relationsbetweerindividual interfacesis shovn in Figure7. Thedatabassener must
fully implementall thesenterfaces.Thelife-cycle of eachcontextis shavnin Figure8.
Eventstriggereduponstatechangearethe main entry point to observingthe database
sener.

The restof the specibcatiorcorrespondso the pipeline stagesdescribedn Sections
4.3t0 4.6. The databaseener may implementonly someof them. For eachimple-

mentedstage the databasesener musthowever be complete.Diagramsoutlining the

requiredinterfacesfor eachstageare shavn in Figures9 and 10. All dataelements
sharethe samdife-cycle, shovn in Figurell.

18



4 API DESCRIPTION 4.1 Overview

Figure7: Contet interfaces.

I I "
AR
/R

I

19



4.1 Overview 4 API DESCRIPTION

Figure8: Contet life-cycles.

DATABASE_STARTING
DATABASE_UP

DBMS_STARTING

DBMS_UP )

CONNECTION_UP )

(a) DBMS. (b) Database. (c) Connection.

TRANSACTION_PREPARED |

TRANSACTION_ABORTING
TRANSACTION_ABORTED

(d) Transaction.

REQUEST_PROCESSING
REQUEST_PROCESSED REQUEST_ERROR

(e) Request.

TRANSACTION_COMMITTING
TRANSACTION_COMMITTED
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4 API DESCRIPTION 4.1 Overview

Figure9: Stageinterfaces.

GinterfaceE GinterfaceE GinterfaceE GinterfaceE
ExecutionControl PreparedExecution PipelineConstant ContextReference
NA N
~ R ﬁ -
~ —

~ AN /
~
(a) Recever stage.
«interface» «interface» «interface» «interface»
ExecutionControl PreparedExecution PipelineConstant ContextReference

V\\ R ﬁ //V

.1
«interface»
ParsedStatementExecutionListener

(b) Parserstage.
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4.1 Overview 4 API DESCRIPTION

Figure10: Stageinterfaces(cont).

GinterfaceE GinterfaceE
ExecutionControl PipelineConstant

f % Ah
\ / |

\ | GinterfaceE QnterfaceE
\ ContextReference ObjectSetConstant
~
\ ﬁ -
e P
e _
—
GinterfaceE
ObjectSet
GinterfaceE
RelatedTo ExecutorStage RelatedTo
f A1
QinterfaceE QinterfaceE
ObjectSetReadListener ObjectSetWriteListener
(a) Executorstage.
«interface» «interface»
ExecutionControl PipelineConstant
™ b
LN
\
\
Yoy
\ |/ References/
\ s
¥l _
«interface» «interface» RelatedTo
ObjectSet LogMinerStage

«interface»
LoggerObjectSetExecutionListener

(b) Log minerstage.

Figurel11: Stageife-cycle.

PIPELINE_PROCESSING

PIPELINE_PROCESSED PIPELINE_ERROR
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4 API DESCRIPTION 4.2

Package gorda.db

4.2 Package gorda.db

This packageprovidesaccesgo the DBMS, databasegonnectbn, transactiorandre-
guestcontets.

The DBMS contet aimsat providing accesgo sener startupandshutdavn events,as
well asto systemconbgurationnformation.

A databaseontext holdssharedstatebetweemmultiple connectionsand providesac-
cesdo aSener-sideJDBCdriverandfull imagebackupandrestore.ln additionto that,
it provideseventsrelatedwith databasetartupandshutdavn, aswell asenumerating
active clientconnections.

A connectioncontet holds sharedstatebetweenmultiple transactionsand provides
accesgo eventsrelatedwith connectionestablishmenandteardown, aswell asmeta
informationassociatedvith aclient.

A transactiorcontext holdssharedstatebetweemmultiple requestsssuedon behalfof

a transaction.Its main goal is to allow eventsrelatedto transactiorstartup,commit
and rollback to be obsered and validated. This is key to synchronougeplication
protocolsas propagtion may be performedbeforeallowing committo be conbrmed
backto clients. It is alsokey to certibcationbasedreplicationprotocols,by allowing

transactionso be abortedafterfailing certibcation.

A requestholds sharedstatebetweermultiple statementscontainedn a singleclient
requestandthusallows groupingof multiple statementén a singleclientinteraction.
In additionto that, it identiPesthe boundarieof a client requestby notifying events
relatedwith its beginningandcompletion.

4.2.1 Interface ConnectionConstant

Debnesstatesandconstantaisedby Connection  (in 4.2.2,page24).

Declaration public interface ConnectionConstant

All known subinterfaces ConnectionContd (in 4.2.2,page24)

Fields

e int CONNECTION_STARTING

— Debnegshata connectioris startingup.
Thisis the brststateandidentibPeghata connectioris beingmade.

It mustbe notibedandonemustguarante¢hataccesgo Connection @&
metainformationandmethodss possible.

In this state,a connectiormay alreadybe establishedbut the controlis not
returnedo the client, which meanghatrequestsannotbe sent.

e int  CONNECTION_UP
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e int

e int

- Debneghataconnectioris up.

This is the secondstateand identiPesthat a connectionis alreadyestab-
lished.

It mustbe notibedandonemustguarante¢hataccesgo Connection @
metainformationandmethodss possible.

CONNECTION_CLOSING

Debneghata connectioris closing.

Thisis thethird stateandidentiPeghata connections beingclosed.Any
problemduringor afterstartupmustbring a connectiorto this state.

It mustbe notibedandonemustguarante¢hataccesgo Connection @
metainformationandmethodss possible.

It is worth noticing that it is not possibleto cancelthis event asit is a
transitionto the Pnalstate.

CONNECTION_CLOSED

Debneghata connectioris closed.

This is the fourth and bnal stateof a connectionand identipPesthat it is
closed.

Thereis no obligation of notifying this information. However, if onede-
cidesto do so,onemustguarante¢hataccesso atleasta connectioriden-
tibcationis possible Every metainformationandmethodthatarenotavail-
ablemustthrow anexception.

It is worthnoticingthatit is not possibleto cancelhis eventasit is thebnal
state.

4.2.2 Interface ConnectionContext
RelRectsaclientconnectionThis interfaceis namedConnectionContext andnot

simply Connection , in orderto avoid misunderstandsetweera reflected connec-
tion anda JDBC connection.

Declaration public interface ConnectionContext

extends ConnectionConstant, Context, ExecutionControl
Methods
e ConnectionMetalnfo getConnectionMetalnfo()

throws java.sql.SQLException

— Description

Returnsthe connectiormetainformation.

— Returns BDConnectiommetainformation.

— Throws

* java.sql.SQLException bIf adatabasacces®rroroccurs.
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e ConnectionProcessor getConnectionProcessor()

— Description
Returnsareferencdo theconnectiomprocessor

— Returns DA referencedo theconnectiomrocessar
e Database getDatabase()

— Description
Returnsareferencdo thedatabasebject.
Thereis no needof returninga copy of this objectasone mustdo when
handlingthe methodgetTransaction (in 4.2.2,page25). Assuminga
blocking notibcationthe databaseontext mustbe accessibldy meansof
aconnection.

- Returns DA referenceo thedatabasebject.
e Transaction getTransaction()

— Description
Returnsa copy of theactive transactiorobject.

To avoid synchronizatiorproblems pnemustdo exactly whatfollows:
x Returninga copy of the object and throwing an exceptionif ary
methodthatattemptgo changdts stateis called.

— Returns PA copy of theactive transactiorobject,if thereis ary, otherwise
null

4.2.3 Interface ConnectionMetalnfo

Debnesonnectiormetainformation.

Declaration public interface ConnectionMetalnfo

Methods
e java.lang.Object getCharacterSetInformation()
throws java.sql.SQLException
— Description
Returnscharactesetinformation.
— Throws
* java.sql.SQLException bIf adatabasacces®rroroccurs.

e java.lang.String getUserld()

throws java.sql.SQLException
— Description
Returnsuseridentibcation.
— Returns BUseridentibcation.

— Throws
x java.sql.SQLException bIf adatabasacces®rroroccurs.
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4.2.4 Interface ConnectionProcessor

Handledistenerregistrationfor connectioreventsandhasa connectiorrepository

Declaration public interface ConnectionProcessor

Methods

e ConnectionContext getConnection(java.lang.String
connectionld)

— Description
Returnsa copy of therel3ectecconnectiorobjectwith the givenid.
To avoid synchronizatiomproblems pnemustdo exactly whatfollows:
*x Returninga copy of the object and throwing an exceptionif ary
methodthatattemptgo changdts stateis called.
— Parameters
x connectionld B Theconnectioridentibcation.

— Returns DA copy of the reBectedconnectionobjectwith the givenid, if
thereis ary, null  otherwise.

e void setConnectionShutdownListener(ConnectionShutdownListener
listener, boolean  wait)

— Description
Reyistersa listenerthatmustbe notiPeduponconnectiorshutdavn.

Subsequent notibcations, with respect to the connection
and its inner contxts, may be canceled afterwards using

Dbms.setNotificationlgnored (in 427, page 30),
Database.setNotificationlgnored (in 4.2.7, page 30) or
Connection.setNotificationlgnored (in 4.2.7,page30).

— Parameters

* listener BThelistenerthathandlessonnectiorshutdevn events.

x wait BDif true the notiPermustwait for the listenerto proceed,
false otherwise.

— See also
x ExecutionControl.continueExecution() (in
4.2.21, page 45)
x ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

e void setConnectionStartupListener(ConnectionStartupListener
listener, boolean  wait)
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— Description
Registersa listenerthatmustbe notibeduponconnectiorstartup.

Subsequent notibcations, with respect to the connection
and its inner contxts, may be canceled afterwards using

Dbms.setNotificationlgnored (in 427, page 30),
Database.setNotificationlgnored (in 4.2.7, page 30),
Connection.setNotificationlgnored (in 4.2.7,page30).

— Parameters

x listener BThelistenerthathandlesconnectiorstartupevents.

x wait bDif true the notipermustwait for the listenerto proceed,
false otherwise.

— See also
x ExecutionControl.continueExecution() (in
4.2.21, page 45)
x ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.2.5 Interface ConnectionShutdownListener

Debneghelistenerthatwill be notibedwheneer aconnections shuttingdown.

Declaration public interface ConnectionShutdownListener

Methods

e void handleConnectionShutdown(ConnectionContext

connection)
— Description

Is calledwheneerthelisteneris registeredo receve connectiorshutdavn
events.
If the wait Bag is set to true at registration time (see
setConnectionShutdownListener (in 4.2.4, page 26)), then
this methodimplementatiommustcall continueExecution (in 4.2.21,
page4b).

If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the connectiorshutdavn.

If the listenerhaspreviously called the setNotificationlgnored
(in 4.2.7,page30) method thenthis notibcationmustnot happen.

A connection must have one of the following states when recev-
ing a notibcation: CONNECTION_CLOSINGin 4.2.1, page 24) or
CONNECTION_CLOSHD 4.2.1,page24).

— Parameters
+ connection BTheconnectioronwhichtheeventoccurs.
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4.2.6 Interface ConnectionStartupListener

Debneghelistenerthatwill be notibedwheneer aconnectioris made.

Declaration public interface ConnectionStartupListener

Methods

e void handleConnectionStartup(ConnectionContext

connection)
— Description
Is calledwheneer the listeneris registeredto receive connectionstartup
events.
If the wait Rag is set to true at registration time (see
setConnectionStartupListener (in 4.2.4, page 26)), then
this methodimplementatiormustcall continueExecution (in 4.2.21,

page45) or cancelExecution (in 4.2.21,page4d).

If thewait Bagis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the connectiorstartup.

If the listenerhaspreviously called the setNotificationlgnored
(in 4.2.7,page30) method thenthis notibcationmustnot happen.

A connection must have one of the following stateswhen recev-
ing a notibcation: CONNECTION_STARTINGin 4.2.1, page 23) or
CONNECTION_UBnN 4.2.1,page23).

— Parameters

x connection BTheconnectioronwhichtheeventoccurs.

4.2.7 Interface Context

This interfacedebnesnformationcommonto every contet in the GORDA API.

Each contet must be capableof maintaininga referenceto an object, also named
attachmentThe attachmenimaybe setusingthe setAttachment  (in 4.2.7,page29)
methodandretrieved usingthe getAttachment  (in 4.2.7,page29) method.

Thereareseveral sub-interbicesthatdebnethe API for the GORDA API debned:on-
texts:

Dbms(in 4.2.15,page37);

e Database (in 4.2.9,page31);

Connection  (in 4.2.2,page24);

e Transaction  (in 4.2.29,page66);

Request (in 4.2.24,page62);
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Additionally, associatedavith eachcontet thereare several processingtages.These
stagesare basedon the classicstagesalreadyproposecdby previous publishedworks
onthesubject.Theresultof eachstagels mappednto a setof interfaceghatrepresent
the outcomeof the processingtage.

Theresultof eachprocessingtagemustbe oneinstanceof 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)
e ExecutionPlan

Declaration public interface Context

All known subinterfaces ConnectionContd (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,
pages6)

Methods
e java.lang.Object getAttachment()
— Description
Returnsthe currentattachment.This methodmustnot remove the attach-
ment.

— Returns DThecurrentattachmentor null , if thereis no attachment.
e int getContextState()

— Description
Retrievesthe currentcontext state.Every contet hasanassociatedtate:

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 BDThecurrentcontet state.

e java.lang.String getld()

— Description
Returnsa context identibPcation.

— Returns P Contet identibcation.

e java.lang.Object setAttachment(java.lang.Object obj)
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e Vvoid

Description
Attachesareferenceo the givenobjectto a contet. This methodprovides
accesdo aplaceholdein which a programmemay setary kind of object.

A referencethat has been atached may be retrieved later via the
getAttachment  (in 4.2.7, page29) method. Theremustonly be one
referenceattachedatatime.

Callingthismethodmustdiscardthe currentattachedeferenceln orderto
discardthe currentreferencepnemustcall this methodwith null  asthe
parameter

Parameters

x obj B The objectwhosereferencemustbe attachedwhich may be
null

Returns DThe previously attachedeferenceif ary, otherwisenull
setNotificationlgnored(boolean islgnored)

Description

Enablesor disablesotibcationgegardinga context.

This methodhasa "CascadeEffect”, meaningthat a listenermustnot re-
ceive ary notibcatiorregardinga context andinnercontexts.

Parameters

x islgnored  Dtrue if notibcationamustbeignored,false other
wise.

4.2.8 Interface ContextReference

Retrievesareferencedo the enclosingcontext.

Declaration public interface ContextReference

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

Methods

e Request getRequest()

o int

Description
Returnsareferencedo therequestontext.
Returns DA referencdo therequestontext.

getState()

Description
Retrieves the currentstateof a stageof the pipeline. Every stagehasa

commonor specibcetof constantbasednwhichtheir statesaredebned:

x PipelineConstant (in 4.2.22,page45);
x ObjectSetConstant (in 4.3.3,page79);

Returns D The currentstateof a stage.
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4.2.9 Interface Database

RelRectsa databaser alogical entity thatis rel3ected.

Declaration public interface Database
extends DatabaseConstant, Context, ExecutionControl

Methods

e void freeze()

— Description
Setsthedatabasén panicmode.

For instancethis methodmustbe usedto freezea databasevhenit some-
how abortsa transactiorsentby a metalevel-applicationandsuchtransac-
tion wasnot supposedo abort.

Whenthedatabasés setto panicmode thenit freezesandonly anadmin-
istratoris ableto manuallychangdts state.

e java.util.lterator getConnections()

— Description
Returnsaniteratorwith a copy of all rel3ectecconnectionobjectsopened
to accesshis database.
To avoid synchronizatiorproblems pnemustdo exactly whatfollows:
* Returninga copy of the objectsand throwing an exceptionif ary
methodthatattemptgo changeheir stateis called.

- Returns DAn iteratorwith acopy of all reBectecdtonnectiorobjects.
e long getCurrentVersion()

— Description
Returnsthe currentdatabaseersionnumber
Every time an updatetransactioris committed,theimplementatiorincre-
mentsa counterto registersuchevent.

— Returns BDThecurrentdatabase@ersionnumber

e java.io.lnputStream getDatabaselmage(java.lang.String
tableName)

— Description
Retrievesa databasémageor atableimageasanInputStream
Thestructureof theimageis applicationdependent.
If tableName is notnull, animageis takenfrom thattable. Otherwisean
imagefrom the databasés taken. If thetabledoesnot exist, anexception
mustbethrown.

— Parameters

x tableName BDebnedrom whichtableanimagemustbetaken.
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- Returns DA databasémageasanInputStream

e DatabaseMetalnfo getDatabaseMetalnfo()
throws java.sql.SQLException

e int

Description
Returnsthe databasenetainformation.

Returns DThedatabasenetainformation.
Throws

* java.sql.SQLException bIf adatabasacces®rroroccurs.

DatabaseProcessor getDatabaseProcessor()

Description
Returnsareferenceo the databasgrocessar

Returns DA referencdo the databas@rocessar
getDatabaseSize()

Description

Calculateghe sizeof the database.

This providesa mechanisnto estimatehesizeof animagein a unit thatis
applicationdependent.

Returns BDThesizeof thedatabase.

javax.sql.DataSource getDataSource()

Description
Returnshedatasource.

Returns DThedatasource.

Dbms getDbms()

Description
Returnsareferencdo the DBMS.

In contrastto getConnections (in 4.2.9, page31), a referenceto the
DBMS mustbereturned. In this case thereis no problemasthe DBMS
contet is Pnishedonly after stoppingall active databases.

Returns DA referencdo the DBMS.

e long getMinimumVersion()

Description

Returnstheversionof the oldestactive transactiorin the database.
Theimplementatiormustcheckall active transactionsn orderto Pndthe
oldest.

Returns DTheoldestactive transaction.

e java.lang.String getUrl()
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— Description
Returnghedatabasé/niform Resource Locator.
— Returns BThedatabas&RL.
e void increaseVersion(long inc)
— Description

Incrementghe databas@ersionby a positive valuepassedsparameter

Every time an updatetransactioncommits,the databas versionis incre-
mentedby one. Sometimeshowever a transactions executedon behalf
of several othertransactionsln suchcasesjncrementingby onedoesnot
re3ectthe numberof implicit transactiongeommitted.For thatreasonthis
methodenableslevelopersto debPnewhichis theincrement.

— Parameters
x inc DA positive valueusedasincrement.

e void installDatabaselmage(java.io.InputStream
databaselmage)

— Description

Installsanimageasan InputStream

The database must be in the state DATABASE_STARTINGor
DATABASE_IN_PANIG to be allowed to install images. This require-
ment ensureghat a databaseés in recovering mode. If a databases in
anotherstate, it is not suppcsed to do so asit may have internal active
(DATABASE_BOOTE@ DATABASE_CLOSINYor or may be shutting
down (DATABASE_CLOSED

It is alsoworth noticing thatis possibleto install imagesfrom tables,but
themetalerel-applicatiorneedgo guarante¢hatsuchimagesarecoherent
amongthemin orderto bring thedatabasé¢o a consistenstate.

— Parameters

x databaselmage D The database or table image as an
InputStream

4.2.10 Interface DatabaseConstant

Debnesstatesandconstantaisedby Database (in 4.2.9,page31).
Declaration public interface DatabaseConstant
All known subinterfaces Database(in 4.2.9,page31)

Fields

e int DATABASE_STARTING
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e int

e int

e int

o int

- DebPneghatadatabasés startingup.

Thisis the brststateandidentibeghata databasés startingup.

It mustbe notibedand one must guaranteghat accesso Database (3
metainformationandmethodss possible.

In this state,a databaseallows to carryoutrecovery routines.

DATABASE_UP

Debneghata databasés up.

Thisis the secondstateandidentibeghata databasexecutedts recovery
routinesandis readyto receve client connections.

It must be notibedand one must guaranteghat accesso Database (3
metainformationandmethodss possible.

DATABASE_CLOSING

Debneghata databasés shuttingdown.

Thisis thethird stateandidentipeghata databasés shuttingdown.

It mustbenotibedandonemustguarante¢hataccesgo atleastadatabase
identibcatioris possible Every metainformationandmethodghatarenot
availablemustthrow anexception.

It is worth noticing that it is not possibleto cancelthis event asit is a
transitionto a Pnalstate.

DATABASE_CLOSED

Debneshata databasés shutdavn.

This is the fourth and a Pnal stateof a databaseandidentibesthatit is
shutdavn.

It mustbenotiPedandonemustguarante¢hataccesdo atleastadatabase
identibcatioris possible Every metainformationandmethodsthatarenot
availablemustthrow anexception.

It is worth noticingthatit is not possibleto cancelthis eventasit is a Pnal
state.

DATABASE_IN_PANIC

A databasés putin this stateby calling the methodfreeze (in 4.2.9,page
31) or automaticallywhensomethinggoeswrong. In otherwords,when
somethingunrecoerablehappens.
For instancethe databasés putin this statewhen:

x It somehav abortsa transactionsentby a metalevel-applicationand

suchtransactiorwasnot supposedo abort.
* During startupit is notbroughtto a consistenstate. _
+ Or during shutdavn it is not possiblefor somereason(e.g. log is

corrupted)o bringit to a consistenstate.
If the databasés setto panicmode,thenit freezesandonly anadministra-
tor is ableto manuallychangsits state.
It mustbenotibedandonemustguarante¢hataccesso atleastadatabase
identibcatioris possible Every metainformationandmethodghatarenot
availablemustthrow anexception.
It is worth noticingthatit is not possibleto cancelthis eventasit is a Pnal
state.
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4.2.11 Interface DatabaseMetalnfo

Provides access to database meta information. This builds on the
DatabaseMetaData (i.e., a Senerside JDBC driver) and provides additional
methodsmportantto the metalerel development.

Declaration public interface DatabaseMetalnfo
extends java.sql.DatabaseMetaData

Methods

e boolean isFrozen()
throws java.sql.SQLException

— Description
Returnswhetherthis databasés frozenor not.

If the databasds frozen, then only the administratoris able to apply
changesandmanuallyredepbnats state.

If thefreeze (in 4.2.9,page31) methodis calledin somepointin time,
thensubsequentallsto theisFrozen methodmustreturntrue .

— Returns Dtrue if thedatabasés frozen,false otherwise.
— Throws
x java.sgl.SQLEXxception bIf adatabasacces®rroroccurs.

e boolean isReadOnly()
throws java.sql.SQLException

— Description
Returnswhetherthis databasés in read-onlymodeor not.

— Returns Ptrue if so;false otherwise.
— Throws
* java.sql.SQLException bIf adatabasacces®rroroccurs.

4.2.12 Interface DatabaseProcessor

Handledistenerregistrationfor databaseventsandhasa databaseepository

Declaration public interface DatabaseProcessor

Methods

e Database getDatabase(java.lang.String databaseld)

— Description
Returnsa copy of thedatabasebjectwith the givenid.
To avoid synchronizatiorproblems pnemustdo exactly whatfollows:
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x Returninga copy of the object and throwing an exceptionif ary
methodthatattemptgo changdts stateis called.

— Parameters
x databaseld BThedatabaséentibcation.

— Returns DA copy of thedatabas®bjectwith the givenid, if thereis ary,
null  otherwise.

e void setDatabaseShutdownListener(DatabaseShutdownListener
listener, boolean  wait)

— Description
Reagistersalistenerthatmustbe notiPedupondatabasshutdavn.
Subsequentotibcationswith respecto thedatabasandits innercontexts,
maybe canceledfterwardsusingDbms.setNotificationlgnored
(in 4.2.7, page 30) or Database.setNotificationlgnored (in
4.2.7,page30).
— Parameters
x listener BThelistenerthathandleddatabasshutdavn events.
x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.
— See also
x ExecutionControl.continueExecution() (in
4221, page 45)
x ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

e void setDatabaseStartupListener(DatabaseStartupListener
listener, boolean wait)

— Description
Ragistersa listenerthatmustbe notibedupondatabasstartup.
Subsequemiotibcationswith respecto thedatabasandits innercontexts,
maybecanceledifterwardsusingDbms.setNotificationlgnored
(in 4.2.7, page 30) or Database.setNotificationlgnored (in
4.2.7,page30).

— Parameters

x listener BThelistenerthathandlesdatabasstartupevents.

x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.

— See also
x ExecutionControl.continueExecution() (in
4221, page 45)
x ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.2.13 Interface DatabaseShutdownListener

Debneghelistenerthatwill benotiPedwheneerthe databasés shuttingdown.
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Declaration public interface DatabaseShutdownListener

Methods

e void handleDatabaseShutdown(Database database)

— Description
Is to be calledwheneer thereis a listenerregisteredto receve database
shutdaevn events.
If the wait Bag is set to true at registration time (see

setDatabaseShutdownListener (in 4.2.12, page 36)), then
this methodimplementatiommustcall continueExecution (in 4.2.21,
page4b).

If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the databasshutdavn.

If the listenerhaspreviously called the setNotificationlgnored
(in 4.2.7,page30) method thenthis notibcationrmustnot happen.

— Parameters
+ database DThedatabas®nwhichtheeventoccurs.

4.2.14 Interface DatabaseStartupListener

Debneghelistenerthatwill be notibedwhenererthe databasés startingup.

Declaration public interface DatabaseStartupListener
Methods
e void handleDatabaseStartup(Database database)
— Description

Isto becalledwheneerthelisteneris registeredo receive databasstartup
events.
If the wait Bag is set to true at registration time (see
setDatabaseStartupListener (in 4.2.12, page 36)), then this
methodimplementatiormustcall continueExecution (in 4.2.21,page

45) or cancelExecution (in 4.2.21 paged4).
If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the databasstartup.

If the listenerhaspreviously called the setNatificationlgnored
(in 4.2.7,page30) method thenthis notibcationrmustnot happen.

— Parameters
x database BThedatabasenwhichtheeventoccurs.

4.2.15 Interface Dbms

ReRectsa DBMS.
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Declaration public interface Dbms
extends DbmsConstant,  Context, ExecutionControl

Methods

e java.util.lterator getDatabases()

— Description
Returnsaniteratorwith acopy of all databasebjects.
To avoid synchronizatiorproblems pnemustdo exactly whatfollows:

x Returninga copy of the objectsand throwing an exceptionif ary
methodthatattemptgo changetheir stateis called.

- Returns DAn iteratorwith acopy of all databasebjects.
e DbmsMetalnfo getDbmsMetalnfo()

— Description
Returnshe DBMS metainformation.

— Returns DThe DBMS metainformation.
e DbmsProcessor getDbmsProcessor()

— Description
Returnsareferenceo the DBMS processar

— Returns DPThe DBMS processar

4.2.16 Interface DbmsConstant

Debnestatesandconstantaisedby Dbms(in 4.2.15 page37).

Declaration public interface DbmsConstant

All known subinterfaces Dbms (in 4.2.15,page37)

Fields

e int DBMS_STARTING

- Debneghata DBMS is startingup.
Thisis the brststateandidentipeghata DBMS is startingup.

It must be notibedand one must guaranteghat accesgto Dboms3 meta
informationandmethodss possible.

e int DBMS_UP

38



4 API DESCRIPTION 4.2

Package gorda.db

— DebneghataDBMS is up.
This is the secondstateand identibesthat a DBMS is readyto manage
databases.

It mustbe notibedand one must guaranteghat accesto Dbmg3 meta
informationandmethodss possible.

e int DBMS_CLOSING

— Debneghata DBMS is shuttingdown. Any unforeseerevent mustbring
the DBMS to this state.

Thisis thethird stateandidentibeghata DBMS is shuttingdown.

It mustbenotibedandonemustguarante¢hataccesdo atleastadatabase
identibcationis possible Every metainformationandmethodsthatarenot
availablemustthrow anexception.

It is worth noticing that it is not possibleto cancelthis eventasit is a
transitionto the Pnalstate.

e int DBMS_CLOSED

— Debneghata DBMS is shutdavn.

This is the fourth and bPnal stateof a DBMS andidentibesthatit is shut-
down.

It mustbenotiPedandonemustguarante¢hataccesso atleastadatabase
identibcations possible Every metainformationandmethodsthatarenot
availablemustthrow anexception.

It is worth noticing that it is not possibleto cancelthis event asit is a
transitionto the Pnalstate.

4.2.17 Interface DbmsMetalnfo

Provides access to DBMS meta information. This builds on the
DatabaseMetaData (i.e., a Senerside JDBC driver) and provides additional
methodsmportantto theref3ectionmechanism.

Declaration public interface DbmsMetalnfo

Methods

e int getDbmsMajorVersion()
throws java.sgl.SQLException

— Description

Returnshe DBMS majorversionnumber
— Returns DThe DBMS majorversionnumber
— Throws

* java.sql.SQLException bIf adatabasacces®rroroccurs.
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e int getDbmsMinorVersion()
throws java.sql.SQLException

— Description
Returnsthe DBMS minor versionnumber

— Returns PThe DBMS minor versionnumber

— Throws
x java.sgl.SQLException bIf adatabasacces®rroroccurs.
e java.lang.String getDbmsProductName()

throws java.sgl.SQLException

— Description
Returnghe nameof the DatabaséManagemenSystem(DBMS) product.

— Returns DThe DBMS productname.

— Throws
x java.sgl.SQLException bIf adatabas@acces®rroroccurs.
e java.lang.String getDbmsProductVersion()

throws java.sgl.SQLException
— Description
Returnshe DBMS versionnumber
— Returns BThe DBMS versionnumber
— Throws

x java.sgl.SQLEXxception bIf adatabasacces®rroroccurs.
e int getJDBCDriverMajorVersion()

— Description

Returnsan integeridentifying the JDBC (i.e., a Sener-side JDBC driver)
driver majorversion.

— Returns DThedriver majorversion.
e int getJDBCDriverMinorVersion()
— Description

Returnghe JDBC(i.e., a Sener-sideJDBCdriver) driver minor version.
— Returns BDThedriver minor version.

e java.lang.String getJDBCDriverName()
throws java.sql.SQLEXxception

— Description
Returnghe JDBC(i.e., a Sener-sideJDBCdriver) driver name.
— Returns BThedriver name.
— Throws
* java.sql.SQLException bIf adatabasacces®rroroccurs.
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e java.lang.String getJDBCDriverVersion()
throws java.sql.SQLException

— Description
Returnsthe JDBC (i.e., a Sener-sideJDBCdriver) driver version.

— Returns BThedriver version.

— Throws
* java.sql.SQLException bIf adatabasacces®rroroccurs.
e java.lang.String getURL()

throws java.sql.SQLException
— Description
Returnsghe DBMS Uniform Resource Locator.
— Returns BThe DBMS Uniform Resourcd ocator
— Throws

x java.sgl.SQLEXxception bIf adatabasacces®rroroccurs.

boolean isExecutorStagelmplemented()

— Description
Returngheimplementatiorstatusof the executorstage.

— Returns Btrue if it isimplementedfalse otherwise.

boolean isExtractingReadSets()

— Description
Returngheimplementatiorstatuson readsets.

— Returns Btrue if it isimplementedfalse otherwise.

boolean isExtractingWriteSets()

— Description
Returngheimplementatiorstatuson write sets.

— Returns Btrue if it isimplementedfalse otherwise.

boolean isLogMinerStagelmplemented()

— Description
Returngheimplementatiorstatusof thelog minerstage.

— Returns Dtrue if it isimplementedfalse otherwise.

boolean isOptimizerStagelmplemented()

— Description
Returngheimplementatiorstatusof the optimizerstage.

— Returns Dtrue if it isimplementedfalse otherwise.

boolean isParserStagelmplemented()
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— Description
Returngheimplementatiorstatusof the parserstage.
— Returns Dtrue if it isimplementedfalse otherwise.

e boolean isReceiverStagelmplemented()

— Description
Returngheimplementatiorstatusof therecever stage.
— Returns Dtrue if it isimplementedfalse otherwise.

4.2.18 Interface DbmsProcessor

Handledistenerregistrationfor DBMS events.
Declaration public interface DbmsProcessor

Methods

e void setDbmsShutdownListener(DbmsShutdownListener
listener, boolean  wait)

— Description
Ragistersa listenerthatmustbe notipeduponDBMS shutdavn.

Subsequemotibcationsyith respecto the DBMS andits innercontets,
maybecanceledifterwardsusingDbms.setNotificationlgnored
(in 4.2.7,page30).

— Parameters

x listener PThelistenerthathandleshe DBMS shutdavn events.

x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.

— See also

x ExecutionControl.continueExecution() (in
4221, page 45)

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

e void setDbmsStartupListener(DbmsStartupListener
listener, boolean wait)
— Description
Rayistersa listenerthatmustbe notibeduponDBMS startup.

Subsequentotipcationswith respecto the DBMS andits innercontexts,
maybecanceledfterwardsusingDbms.setNotificationlgnored
(in 4.2.7,page30).

— Parameters

x listener  BThelistenerthathandlegshe DBMS startupevents.
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« wait bDif true the notiPermustwait for the listenerto proceed,
false otherwise.

— See also
x ExecutionControl.continueExecution() (in
4.2.21, page 45)
x ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.2.19 Interface DbmsShutdownListener

Debneghelistenerthatwill be notipedwhenerer the databasés shuttingdown.

Declaration public interface DbmsShutdownListener

Methods

e void handleDbmsShutdown(Dbms  dbms)

— Description

Is called whenever the listeneris registeredto receve DBMS shutdavn
events.

If the wait RBag is set to true at registration time (see
setDbmsShutdownListener (in 4.2.18,page42)), then this method
implementatiormustcall continueExecution (in 4.2.21,page45).

If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the DBMS shutdavn.

If the listenerhaspreviously called the setNotificationlgnored
(in 4.2.7,page30) method thenthis notibcatiormustnot happen.

— Parameters

+ dbms BThe DBMS onwhichtheeventoccurs.

4.2.20 Interface DbmsStartupListener

Debneghelistenerthatwill be notibedwhenerer the databasés startingup.

Declaration public interface DbmssStartupListener

Methods

e void handleDbmsStartup(Dbms dbms)

— Description
Is calledwhenererthelisteneris registeredo receve DBMS startupevents.
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If the wait RBag is set to true at registration time (see
setDbmsStartupListener (in 4.2.18, page 42), then this method
implementatiormustcall continueExecution (in 4.2.21,page45) or
cancelExecution (in 4.2.21,page44).

If thewait Bagis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the databasstartup.

If the listenerhaspreviously called the setNotificationlgnored
(in 4.2.7,page30) method thenthis notibcationmustnot happen.
— Parameters

+ dbms BDThe DBMS onwhich theeventoccurs.

4.2.21 Interface ExecutionControl

Resume®r cancelsxecution.
Oneof the methodsprovided by this interfacemustbe invoked by a listenerwhenit is
registeredwith the waiting Bagsetto true . Any invalid call characterizedby the set
of caseghatfollows musteitherthrow anexceptionor simply beignored:
e Calling suchmethodsvhena notiberis notblocked. This meanghatthere is no
pendingnotibcationwaiting for a call to proceed.
¢ Asacolollary of thepreviouscaseonehas:calling suchmethodsvhenalistener
is registeredwith thewaiting Ragsetto false
e SomestatesdePnea Pnalstepof astatemachinge.g., CONNECTION_CLOSED
(in 4.2.1,page24)) anddo notallow callsto the cancelmethodto be made.

The choice betweenignoring invalid calls or throwing an exceptionis presentedo
presere compatibility with meta-lerel applicationsalreadydeveloped. This wasthe
commonpracticein the earlyversisonsf this interface.

The descriptionspresentedn this documenthowever only usesexceptionsandit is
thoroughlyrecommendts adoption.

Declaration public interface ExecutionControl

All known subinterfaces ConnectionContd (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), LoggerObjectSetin 4.4.1,page81), ParsedState-
ment (in 4.5.1,page83), Statement(in 4.6.2,page88)

Methods

e void cancelExecution()
throws java.sgl.SQLException

— Description
Cancelsxecution.

Someeventsdoesnot supportcalling this methodand an exceptionmust
bethrown.

Shouldthe listenerbe registeredwith the waiting Ragsetto false , then
the executionmustproceedvithout waiting for this methodto be called.
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e void continueExecution()
throws java.sql.SQLException

— Description
Resumesxecution.

If the listeneris registeredwith the waiting Bagsetto false , thenthe
executionmustproceedwithout waiting for this methodto becalled.

4.2.22 Interface PipelineConstant

Debnes 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).

Theprocessingtateindicateghatanobjectwasprocessedy their respectie counter
partin the pipelineandit is aboutto enterin the next stage:

e TheStatement.PIPELINE_PROCESSING meanghat arequestvassplitin
differentstatementandis aboutto enteringinto the parser Right after parsing
a statementa notibcationmay be sentto indicatethatit wasprocesse@andits
stateis Statement.PIPELINE_PROCESSED .

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

e The ExecutionPlan.PIPELINE_PROCESSING meansthat an execu-
tion plan was producedby the optimizer and is about to entering into
the executor Right after processing an execution plan, a notibca-
tion may be sent to indicate that it was processedand its state is
ExecutionPlan.PIPELINE_PROCESSED

e The ObjectSet.PIPELINE_PROCESSING meansthat an object setwas
producedby the executorand is aboutto be loggedin memory (write-ahead
logging). Right afterlogging an objectseta notibcationmay be sentto indicate
thatit wasprocesseandits stateis ObjectSet.PIPELINE_PROCESSED

e 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 notip-
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,
page8l), ParsedStatementin 4.5.1,page83), Statement(in 4.6.2,pages8)
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Fields

e int PIPELINE_PROCESSING

- Debneghata stageof the pipelineis beingprocessed.

It mustbe notiPedandonemustguaranteg¢hataccesso metainformation
andmethodss possible.

e int PIPELINE_PROCESSED

- Debneghata stageof the pipelinewasprocessed.

Thereis no obligation of notifying this information. This is optional as
it is alwayspossibleto detectcompletionof ary stageof the pipeline by
checkingarequestompletion.

If onedecidedo do so,onemustguarante¢hataccesdo atleastanobject
identibcation(e.g. Statement (@ identibPcationor ExecutionPlan @
identibcation)is possible. Every metainformation and methodsthat are
not available mustthrow an exception. Any attemptto changethe object
mustthrow anexception.

It is worth noticingthatit is not possibleto cancelthis eventasit is a Pnal
state.Thus,ary attemptto cancethis notibcatiormustthrow anexception.

e int PIPELINE_ERROR

- Debneghata stageof thepipelinedid notendedcorrectlyor wascanceled.
Thereis no obligation of notifying this information. This is optionalasit
is alwayspossibleto detectrecoserableerrorsin ary stageof the pipeline
by atransactiorabort. Othererrorsaredetectedvhena databasés putin
panicmode.

However, if one decidesto do so, one must gualanteethat accessto
at least an object identibcation(e.g. Statement @ identibcationor
ExecutionPlan @ identibcation)is possible. Every metainformation
andmethodsthatarenot availablemustthrow an exception. Any attempt
to changethe objectmustthrow anexception.

It is worth noticingthatit is not possibleto cancelthis eventasit is a bnal
state.Thus,ary attemptto cancethis notibcatiormustthrow anexception.

4.2.23 Interface PreparedExecution

Providesmethodgo manipulatea preparedbject.

This shouldbe usedto changeandaccesdnformationin ary stageon requestgo be
preparedr executed.

The interface is built upon the java.sgl.PreparedStatement and
java.sgl.CallableStatement and allows to redebne parameter values.
However, one should do so by carefully checking parametertypes through the
java.sgl.ParameterMetaData . If typesdo not matchor animplicit corversation

is not possibleanexceptionis thrown.

Declaration public interface PreparedExecution
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All known subinterfaces ParsedStatementin 4.5.1,page83), Statement (in 4.6.2,
page8s)

Methods

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

Description
Returngthevalueof the specibegarametensa Java Array .

Parameters

x index BTheindex of the parameteto return.

Returns DThe parametewalueasaArray .

— Throws
x java.sql.SQLException bIf anerroroccurs.
e java.math.BigDecimal getBigDecimal(int index)

throws java.sql.SQLException

Description
Returnsthevalueof the specibegarameternsa Java BigDecimal

Parameters
x index BTheindex of the parameteto return.

Returns DThe parametewvalueasa BigDecimal

— Throws
x java.sql.SQLException bIf anerroroccurs.
e java.sql.Blob getBlob(int index)

throws java.sql.SQLException
— Description
Returnsthevalueof the specibegarameteasa JasaBlob .

— Parameters

x index BTheindex of the parameteto return.
— Returns DThe parametevalueasaBlob .
— Throws

* java.sql.SQLException bIf anerroroccurs.

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

— Description
Returngthevalueof the specibegarameternsa Jasaboolean .
— Parameters

x index BTheindex of the parameteto return.
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— Returns DTheparametervalueasaboolean .
— Throws
* java.sql.SQLException bIf anerroroccurs.

e byte getByte(int index)
throws java.sgl.SQLException

Description
Returnghevalueof the specibegarametensa Java byte .

Parameters

x index BTheindex of the parameteto return.

Returns BThe parametewalueasabyte .

— Throws
x java.sgl.SQLException bIf anerroroccurs.
e byte[] getBytes(int index)

throws java.sgl.SQLException

Description
Returnghevalueof the specibegarametensa Java bytearray

Parameters

x index BTheindex of the parameteto return.

Returns DTheparametevalueasabytearray

— Throws
x java.sgl.SQLEXxception bIf anerroroccurs.
e java.sgl.Clob getClob(int index)

throws java.sql.SQLException

Description
Returnsthevalueof the specibegarameteasa JavaClob .

Parameters

x index BTheindex of the parameteto return.

Returns DTheparametervalueasaClob .

— Throws
x java.sgl.SQLException bIf anerroroccurs.
e java.sgl.Date getDate(int index)

throws java.sql.SQLEXxception
— Description
Returnghevalueof the specibegarametensa Java java.sgl.Date
— Parameters
x index BDTheindex of the parameteto return.
— Returns DThe parametewvalueasajava.sgl.Date

48



4 API DESCRIPTION 4.2  Package gorda.db

— Throws
* java.sql.SQLException bIf anerroroccurs.
e java.sql.Date getDate(int index, java.util.Calendar

cal)
throws java.sgl.SQLException

Description
Returngthevalueof the speciPegarametensa Javajava.sql.Date

Parameters

x index BTheindex of the parameteto return.
* cal DTheCalendar to usefor timezoneandlocale.

Returns DThe parametervalueasajava.sql.Date

— Throws
x java.sql.SQLException bIf anerroroccurs.
e double getDouble(int index)

throws java.sql.SQLException
— Description
Returngthevalueof the specibegarametensa Java double .
— Parameters
x index BTheindex of the parameteto return.
— Returns BTheparameteralueasadouble .

— Throws
* java.sql.SQLException bIf anerroroccurs.
e float  getFloat(int index)

throws java.sql.SQLException

Description
Returngthevalueof the specibegarameternsa Java float

Parameters

x index BTheindex of the parameteto return.
Returns D The parameteralueasafloat

— Throws
x java.sql.SQLException bIf anerroroccurs.
e int getint(int index)

throws java.sgl.SQLException
— Description
Returnsthevalueof the specibegarametensa Javaint .
— Parameters
x index BTheindex of the parameteto return.
— Returns DThe parametervalueasaint .
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— Throws

x java.sgl.SQLException bIf anerroroccurs.

e long getlLong(int index)
throws java.sgl.SQLException

Description
Returnghevalueof the specibegarametensa Javalong .

Parameters

x index BTheindex of the parameteto return.

Returns DThe parameteralueasalong .

— Throws
x java.sgl.SQLException bIf anerroroccurs.
e java.lang.Object getObject(int index)

throws java.sgl.SQLException

Description
Returnghevalueof the specibegarametensa Java Object .

Parameters

x index BTheindex of the parameteto return.

Returns DTheparametervalueasanObject .

— Throws
x java.sgl.SQLException DIf anerroroccurs.
e java.lang.Object getObject(int index, java.util.Map
map)

throws java.sql.SQLException

Description
Returnghevalueof the specibegarametensa Java Object .

Parameters

x index BTheindex of the parameteto return.
*x mapBDThemappingto usefor corversionfrom SQL to Java types.
Returns DThe parameteralueasanObject .

Throws

* java.sql.SQLException bIf anerroroccurs.

e java.sgl.ParameterMetaData getParameterMetaData()
throws java.sgl.SQLException

— Description
Retrievesthe numbey typesand propertiesof this PreparedExecution
object®parameters.

— Returns Da ParameterMetaData  objectthatcontansinformationabout
the number typesand propertiesof this PreparedExecution object®
parameters
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— Throws

* java.sql.SQLException bIf adatabasacces®rroroccurs
— See also

x java.sgl.ParameterMetaData

e java.sqgl.Ref getRef(int index)
throws java.sgl.SQLException

Description
Returnsthevalueof the specibegarameternsa Java Ref .

Parameters

x index BTheindex of the parameteto return.

Returns DThe parameteralueasaRef .

— Throws
x java.sql.SQLException bIf anerroroccurs.
e short getShort(int index)

throws java.sgl.SQLException

Description
Returngthevalueof the specibegparameteasa Javashort .

Parameters

x index BTheindex of the parameteto return.

Returns DThe parameteralueasashort .

— Throws
x java.sql.SQLException bIf anerroroccurs.
e java.lang.String getString(int index)

throws java.sgl.SQLException

Description
Returnsthevalueof the specibegarameternsa Java String

Parameters

x index BTheindex of the parameteto return.

Returns DThe parametewralueasa String

— Throws
x java.sql.SQLException bIf anerroroccurs.
e java.sqgl.Time getTime(int index)

throws java.sgl.SQLException

— Description
Returngthevalueof the specibegparameternsa Javajava.sql. Time
— Parameters

x index BTheindex of the parameteto return.
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- Returns DTheparametevalueasajava.sgl.Time

— Throws
x java.sgl.SQLEXxception bIf anerroroccurs.
e java.sgl.Time getTime(int index, java.util.Calendar

cal)
throws java.sgl.SQLException

Description
Returnghevalueof the specibegarameternsa Javajava.sgl.Time

Parameters

x index BTheindex of the parameteto return.
x cal BThecCalendar to usefor timezoneandlocale.

Returns DTheparametervalueasajava.sgl.Time

— Throws
x java.sgl.SQLEXxception bIf anerroroccurs.
e java.sgl.Timestamp getTimestamp(int index)

throws java.sql.SQLException

— Description

Returns the value of the specibed parameter as a
java.sgl.Timestamp

— Parameters
x index BTheindex of the parameteto return.
— Returns DThe parametervalueasajava.sgl. Timestamp

— Throws
* java.sql.SQLException DIf anerroroccurs.
e java.sgl.Timestamp getTimestamp(int index,
java.util.Calendar cal)

throws java.sql.SQLException

— Description

Returns the value of the specibed parameter as a
java.sgl.Timestamp

— Parameters

x index BTheindex of the parameteto return.
- Returns DTheparametervalueasajava.sgl.Timestamp
— Throws

x java.sgl.SQLEXxception bIf anerroroccurs.

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

— Description
Returnghevalueof the specibegarametensa Javajava.net. URL
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— Parameters

x index BTheindex of the parameteto return.
— Returns BThe parameteralueasa URL
— Throws

x java.sql.SQLException bIf anerroroccurs.
e boolean isExecute()

— Description
Returngrue if thisis relatedto executingpreparedstatements.
For instancethefollowing commandshouldbeclassibedn this cateory:
EXECUTE[(params,..)] | CREATE TABLE AS EXECUTE[(params,..)]

— Returns Baboolean value.
e boolean isPrepare()

— Description
Returngrue if thisis relatedto preparingstatements.
For instancethefollowing commandshouldbeclassibedn this cateory:
PRERRE

— Returns DPaboolean value.

e void setArray(int i, java.sql.Array X)
throws java.sgl.SQLEXxception

— Description
Setsthedesignategbarameteto the givenArray object.
The metalerel-applicationcorverts this to an SQL ARRAYvalue when it
sendst to thedatabase.

— Parameters

x 1 Dthebrstparameters 1, theseconds 2, ...
x X DanArray objectthatmapsan SQL ARRAWalue

— Throws
x java.sql.SQLException bif adatabasacces®rroroccurs
e void setBigDecimal(int parameterindex,
java.math.BigDecimal X)

throws java.sgl.SQLException

— Description

Sets the designatedparameterto the given java.math.BigDecimal
value.

The metalevel-applicationcorvertsthis to an SQL NUMERICvaluewhenit
sendst to thedatabase.

— Parameters

« parameterindex  DBTheindex of theparameterstartingat position
1.
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x X DTheparameteralue.

— Throws
x java.sgl.SQLException bIf adatabasacces®rroroccurs
e void setBlob(int i, java.sql.Blob X)

throws java.sgl.SQLException

— Description
Setsthedesignategharameteto the givenBlob object.
The metalerel-applicationconverts this to an SQL BLOB value when it
sendst to the database.

— Parameters

x 1 Dthebrstparameters 1, theseconds 2, ...
*x X DaBlob objectthatmapsan SQL BLOBvalue

— Throws
* java.sql.SQLException bif adatabasacces®rroroccurs
e void setBoolean(int parameterindex, boolean x)

throws java.sql.SQLEXxception

— Description
Setsthedesignategharameteto the givenJavaboolean value.

Themetalerel-applicationcorvertsthisto anSQLBIT valuewhenit sends
it to thedatabase.

— Parameters
x parameterindex  BTheindex of theparameterstartingat position
1.
x X DTheparameteralue.
— Throws
x java.sgl.SQLException bIf adatabasacces®rroroccurs
e void setByte(int parameterindex, byte Xx)

throws java.sgl.SQLException

— Description
Setsthedesignategharameteto the givenJavabyte value.
The metalevel-applicationcorvertsthisto anSQL TINYINT valuewhenit
sendst to thedatabase.
— Parameters
x parameterindex  BTheindex of theparameterstartingat position
1.
*x X BDTheparameteralue.

— Throws
x java.sgl.SQLException bIf adatabasacces®rroroccurs
e void setBytes(int parameterindex, byte(] X)

throws java.sql.SQLException
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— Description
Setsthedesignategharameteto the givenJava arrayof bytes.

The metalevel-application corverts this to an SQL VARBINARY or
LONGVARBINARY(dependingon the agument® size relative to the
metalevel-application€limits on VARBINARYvalues)whenit sendsit to
thedatabase.

— Parameters

x parameterindex  BTheindex of theparameterstartingat position
1.

x X BDTheparametewralue.

— Throws
x java.sgl.SQLException bIf adatabasacces®rroroccurs
e void setClob(int i, java.sql.Clob X)

throws java.sql.SQLException

— Description
Setsthedesignategharameteto the givenClob object.

The metalevel-applicationconverts this to an SQL CLOB value when it
sendst to thedatabase.

— Parameters

x | Dthepbrstparameters 1, theseconds 2, ...
x X DaClob objectthatmapsanSQL CLOBvalue

— Throws
x java.sql.SQLException bif adatabas@cces®rroroccurs
e void setDate(int parameterindex, java.sgl.Date X)

throws java.sgl.SQLException

— Description
Setsthedesignategharameteto the givenjava.sqgl.Date value.

The metalevel-applicationcorverts this to an SQL DATE value when it
sendst to thedatabase.

— Parameters

x parameterindex  BTheindex of the parameterstartingat position
1.

x X DTheparameteralue.

— Throws
x java.sql.SQLException bIf adatabasacces®rroroccurs
e void setDate(int parameterindex, java.sgl.Date X,
java.util.Calendar cal)

throws java.sql.SQLException
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— Description
Setsthe designategarameteto the givenjava.sgl.Date value, using
thegivenCalendar object.
The metalerel-applicationusesthe Calendar objectto constructan SQL
DATE value, which the metalevel-applicationthen sendsto the database.
With a Calendar object,the metalevel-applicationcancalculatethe date
takinginto accounta custontimezone.f noCalendar objectis specibed,
the metalevel-applicationusesthe default timezone,which is that of the
virtual machinerunningthe metalel-application.

— Parameters

x parameterindex  Bthebrstparameteis 1, theseconds 2, ...
x X Btheparametevalue
x cal DtheCalendar objectthemetalevel-applicatiorwill useto con-

structthedate
— Throws
x java.sgl.SQLEXxception bif adatabasacces®rroroccurs
e void setDouble(int parameterindex, double x)

throws java.sgl.SQLException

— Description
Setsthedesignategharameteto the givenJavadouble value.
The metalerel-applicationcorvertsthis to an SQL DOUBLEvaluewhenit
sendsdt to the database.
— Parameters
x parameterindex  BTheindex of theparameterstartingat position
1.
x X DTheparameteralue.

— Throws
* java.sql.SQLException bIf adatabasacces®rroroccurs
e void setFloat(int parameterindex, float  x)

throws java.sql.SQLException

— Description
Setsthedesignategharameteto the givenJavafloat  value.

The metalevel-applicationconverts this to an SQL FLOAT value when it
sendst to the database.

— Parameters
x parameterindex  BTheindex of the parameterstartingat position
1.
x X BDTheparameteralue.
— Throws
x java.sgl.SQLException bIf adatabasacces®rroroccurs
e void setInt(int parameterindex, int  x)

throws java.sql.SQLException
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— Description
Setsthedesignategbarameteto thegivenJavaint value.
The metalevel-applicationcorvertsthisto an SQL INTEGERvaluewhenit
sendst to thedatabase.

— Parameters
x parameterindex  BTheindex of theparameterstartingat position
1.
x X DTheparameteralue.
— Throws
* java.sql.SQLException bIf adatabasacces®rroroccurs
e void setLong(int parameterindex, long x)

throws java.sql.SQLException

— Description
Setsthedesignategbarameteto the givenJavalong value.
The metalerel-applicationcorvertsthis to an SQL BIGINT valuewhenit
sendst to thedatabase.

— Parameters
x parameterindex  DBTheindex of theparameterstartingat position
1.
x X BDTheparameteralue.
— Throws
x java.sql.SQLException bIf adatabasacces®rroroccurs
e void setNull(int parameterindex, int  sqlType)

throws java.sgl.SQLException

— Description
Setsthedesignategharameteto SQL NULL
Notethatthe SQL parametetype mustbe specibed.

— Parameters

x parameterindex  BTheindex of the parameterstartingat position
1.

x sqlType BTheSQLtypecodedebnedn Types .

— Throws
x java.sgl.SQLEXxception bIf adatabasacces®rroroccurs.

e void setNull(int paramindex, int sqlType,
java.lang.String typeName)

throws java.sql.SQLException

— Description
Setsthedesignategbarameteto SQL NULL
This verson of the methodsetNull  should be usedfor userdebned
typesand REF type parameters Examplesof userdebPnedypesinclude:
STRUCT, DISTINCT, JAVA_OBJECT andnamedarraytypes.
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Note: To beportable metalevel-applicationsnustgive the SQL type code
and the fully-qualibed SQL type namewhen specifyinga NULL user
debnedor REF parameter In the caseof a userdebnedtype the name
is thetype nameof the parameteitself. For a REF parameterthe nameis
the type nameof the referencedype. If a metaleel-applicationdoesnot
needthetype codeor type nameinformation,it mayignoreit.Althoughiit
is intendedfor userdePnedandRef parametersthis methodmay be used
to seta null parameteof ary JDBCtype. If the paraneterdoesnot have a
userdebPnedr REFtype,thegiventypeNamds ignored.

— Parameters

x paramindex Bthebrstparameters 1, theseconds 2, ...
x sqlType BDavaluefromjava.sgl.Types

x typeName BDthe fully-qualiPednameof an SQL userdebnedype;
ignoredif the parameteis notauserdebnedypeor REF

— Throws

x java.sql.SQLException bif adatabas@acces®rroroccurs

setObject(int parameterindex, java.lang.Object

throws java.sql.SQLEXxception

— Description

Setsthevalueof thedesignategharameteusingthe givenobject. Thesec-
ondparametemustbe of type Object ; thereforethejava.lang  equiva-
lent objectsshouldbe usedfor built-in types.

The JDBC specibcatiorspecibes standardnappingfrom Java Object
typesto SQL types. The given agumentwill be corvertedto the corre-
spondingSQL type beforebeingsentto the database.

If the object is of a classimplementingthe interface SQLData, the
metaleel-applicatiorshouldcall themethodSQLData.writeSQL  towrite
it to the SQL data stream. If, on the other hand, the objectis of a
classimplementingRef, Blob , Clob , Struct , or Array , the metalevel-
applicationshouldpassit to the databas@sa value of the corresponding
SQLtype.

In contrastto the JDBC specibcationthis methodthrowns an exceptionif
the classof the objectdoesnot matchthe paramtemeta-information.

— Parameters

x parameterindex  Bthebrstparameteis 1, theseconds 2, ...
x X Dtheobjectcontainingtheinput parametewalue

— Throws

* java.sql.SQLException bif adatabaseccessrroroccursor
thetypeof thegivenobjectis ambiguous

setObject(int parameterindex, java.lang.Object
int targetSqlType)

throws java.sql.SQLException
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— Description
Setsthe value of the designatedparametemvith the given object. This
methodis likethemethodsetObject  above, exceptthatit assumeascale
of zero.

— Parameters
x parameterindex  Dthebrstparameteis 1, theseconds 2, ...
x X Dtheobjectcontainingtheinput parametevalue
x targetSqlType  DBtheSQLtype(asdebnedn java.sql.ypes)to be

sentto thedatabase
— Throws
x java.sql.SQLException bif adatabas@cces®rroroccurs
e void setObject(int parameterindex, java.lang.Object
X, int targetSqlType, int scale)

throws java.sql.SQLException

— Description
Setsthevalueof the designategharametewith the given object. The sec-
ond argumentmustbe an objecttype; for integral values thejava.lang
equivalentobjectsshouldbe used.
The given Java objectwill be corvertedto the giventargetSqlype before
beingsentto thedatabase.

If the object has a custom mapping (is of a class implementingthe
interface SQLData), the metalevel-application should call the method
SQLData.writeSQL  to write it to the SQL datastream. If, on the other
hand,the objectis of a classimplementingRef, Blob , Clob , Struct , or
Array , the metalerel-applicationshouldpassit to the databasasa value
of thecorresponding QL type.

— Parameters
x parameterindex  Dthebrstparameteis 1, theseconds 2, ...
x X Dtheobjectcontainingtheinput parameteralue

x targetSqlType  BtheSQLtype(asdebnedn java.sql.ypes)to be
sentto thedatabaseThe scaleagumentmayfurtherqualify this type.

x scale Dfor java.sql.ypes.DECIMAL or java.sgl. ypes.NUMERIC
types,thisis the numberof digits afterthe decimalpoint. For all other
types,this valuewill beignored.

— Throws

* java.sql.SQLException bif adatabas@acces®rroroccurs
— See also

x java.sgl.Types

e void setRef(int i, java.sql.Ref X)
throws java.sql.SQLException
— Description
Setsthe designateparametelto the given REF(<structured-type>)
value.
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Themetalerel-applicationcorvertsthisto an SQL REFvaluewhenit sends
it to thedatabase.

— Parameters

x | Dthebrstparameters 1, theseconds 2, ...
x X DanSQL REFvalue

— Throws
* java.sql.SQLException bif adatabasacces®rroroccurs
e void setShort(int parameterindex, short  x)

throws java.sql.SQLEXxception

— Description
Setsthedesignategbarameteto the givenJava short  value.
The metalerel-applicationcorvertsthis to an SQL SMALLINT valuewhen
it sendst to thedatabase.

— Parameters

x parameterindex  BTheindex of the parameterstartingat position
1.

x X BDTheparameteralue.

— Throws
x java.sgl.SQLException bIf adatabasacces®rroroccurs
e void setString(int parameterindex, java.lang.String

X)

throws java.sgl.SQLException

— Description
Setsthedesignategharameteto thegivenJava String  value.
The metaleel-application corverts this to an SQL VARCHAR or
LONGVARCHARalue (dependingon the agument®size relative to the
metalerel-application€limits on VARCHAR/alues)whenit sendst to the
database.
— Parameters
x parameterindex  BTheindex of the parameterstartingat position
1.
x X DTheparameteralue.

— Throws
* java.sgl.SQLException bIf adatabasacces®rroroccurs
e void setTime(int parameterindex, java.sgl.Time X)

throws java.sql.SQLException

— Description
Setsthedesignategharameteto the givenjava.sql.Time value.

The metalerel-applicationcornverts this to an SQL TIME value when it
sendst to the database.
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— Parameters

x parameterindex  BTheindex of the parameterstartingat position
1.

x X BDTheparameteralue.

— Throws
x java.sql.SQLException bIf adatabasaccessrroroccurs
e void setTime(int parameterindex, java.sgl.Time X,
java.util.Calendar cal)

throws java.sgl.SQLEXxception

— Description
Setsthe designategarameteto the givenjava.sql.Time value, using
thegivenCalendar object.
The metaleel-applicationusesthe Calendar objectto constructan SQL
TIME value, which the metalevel-applicationthen sendsto the database.
With a Calendar object,the metalevel-applicationcancalculatethetime
takinginto accounta custontimezone.f noCalendar objectis specibed,
the metalevel-applicationusesthe default timezone,which is that of the
virtual machinerunningthe metalevel-application.

— Parameters
x parameterindex  Dthebrstparameteis 1, theseconds 2, ...

* X Btheparametevalue

x cal DtheCalendar objectthemetalerel-applicatiorwill useto con-
structthetime

— Throws
* java.sql.SQLException bif adatabas@acces®rroroccurs
e void setTimestamp(int parameterindex,
java.sgl.Timestamp X)

throws java.sql.SQLException

— Description
Setsthe designategharameteto the givenjava.sql.Timestamp value.
Themetalevel-applicationconvertsthisto an SQL TIMESTAMPvaluewhen
it sendsdt to thedatabase.
— Parameters
x parameterindex  BTheindex of the parameterstartingat position
1.
x X DTheparameteralue.

— Throws
x java.sql.SQLException bIf adatabas@cces®rroroccurs
e void setTimestamp(int parameterindex,
java.sql.Timestamp X, java.util.Calendar cal)

throws java.sql.SQLException
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— Description

Setsthe designategarameteto the givenjava.sql. Timestamp value,
usingthegivenCalendar object.

The metaleel-applicationusesthe Calendar objectto constructan SQL
TIMESTAMP value, which the metalevel-applicationthen sendsto the
databaseWith aCalendar object,the metalerel-applicationcancalculate
thetimestampakinginto accounta customtimezone.If no Calendar ob-
jectis specibedthemetalevel-applicatioruseshe defaulttimezonewhich
is thatof thevirtual machinerunningthe metalerel-application.

— Parameters
x parameterindex  Dthebrstparameteis 1, theseconds 2, ...

x X Btheparametevalue

x cal DtheCalendar objectthemetalevel-applicatiorwill useto con-
structthetimestamp

— Throws
x java.sgl.SQLException bif adatabasacces®rroroccurs
e void setURL(int parameterindex, java.net.URL X)

throws java.sgl.SQLException

— Description
Setsthe designategharameteto thegivenjava.net. URL  value.

The metalerel-applicationconvertsthis to an SQL DATALINK valuewhen
it sendst to thedatabase.

— Parameters

x parameterindex  Bthebrstparameteis 1, theseconds 2, ...
x X Dthejava.net.URL  objectto beset

— Throws
x java.sgl.SQLEXxception bif adatabasacces®rroroccurs

e boolean wasNull()
throws java.sql.SQLEXxception

— Description

This methodtestswhetherthe valueof the lastparametethatwasfetched
wasactuallyaSQLNULL value.

— Returns Dtrue if thelastparametefetchedwasa NULL, false other
wise.

— Throws

* java.sql.SQLException bIf anerroroccurs.

4.2.24 Interface Request

ReRectsaclientrequest.
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Declaration public interface Request
extends RequestConstant, Context,  ExecutionControl

Methods

e RequestProcessor getRequestProcessor()

— Description
Returnsareferenceo therequesiprocessar

— Returns BDThereferencedo therequesprocessar
e Transaction getTransaction()

— Description
Returnsareferenceof the currentactive transactiorobject.

Howeveranull valuemay bereturnedwhentherequesis notassociated
to atransactiorsuchasin a streamprocessingervironment. Thus,whether
toreturnanull valueor notis applicationdependent.

— Returns P A referenceo the currentactive transactiorobject, if thereis
ary, null  otherwise.

4.2.25 Interface RequestBeginListener

Debneghelistenerthatwill benotibedwheneerarequesis made.

Declaration public interface RequestBeginListener

Methods
e void handleRequestBegin(Request request)
— Description
Is calledwhenererthelisteneris registeredo receve requesbegin events.
If the wait Bag is set to true at registration time (see
setRequestBeginListener (in 4.2.28, page65), then this method

implementatiormustcall continueExecution (in 4.2.21,page45) or
cancelExecution (in 4.2.21 page44).
If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith therequesbeingmade.
If the listenerhaspreviously called the setNaotificationlgnored
(in 4.2.7,page30) method thenthis notibcationmustnot happen.

— Parameters

x request BTherequesbnwhichtheeventoccurs.

4.2.26 Interface RequestCompletionListener

Debneghelistenerthatwill benotibedwhenererarequesis made.
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Declaration public interface RequestCompletionListener

Methods

e void handleRequestCompletion(Request request)

— Description

Is calledwhenever the listeneris registeredto receve requesicompletion
events.
If the wait RBag is set to true at registration time (see

setRequestCompletionListener (in 4.2.28, page 66), then
this methodimplementatiommustcall continueExecution (in 4.2.21,
page45).

If thewait Bagis setto false atregistrationtime, thenthis methodmust
berunin parallelwith therequesbeingPnishing.

If the listener has previously called the
Request.setNotificationlgnored (in 4.2.7, page 30) method,
thenthis notibcationmustnot happen.

— Parameters

x request BDTherequesbnwhichtheeventoccurs.

4.2.27 Interface RequestConstant

Debnestatesandconstantsisedby Request (in 4.2.24,page62).

Declaration public interface RequestConstant

All known subinterfaces Request(in 4.2.24 page62)

Fields

e int

o int

REQUEST_PROCESSING

- Debneghatarequesis beingprocessed.
It mustbe notiPedandonemustguarante¢hataccesso metainformation
andmethodss possible.

REQUEST_PROCESSED

- Debneghatarequestvasprocessed.
Right after processindhelaststatemenissuedn the contet of arequest,
one mustchangethe statefrom processingo processedThe completion
of arequestdoesnot includewriting to the log assuchoperationsat this
pointareexecutedasynchronously
Thereis no obligation of notifying this information. This is optionalasit
is alwayspossibleto detectcompletionof any requesby checkingdirectly
onthepipeline.
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If onedecidedo doso,onemustguarante¢hataccesso atleastaarequest

identibcations possible Every metainformationandmethodsthatarenot
availablemustthrow anexception.

It is worth noticingthatit is not possibleto cancelthis eventasit is a Pnal
state.Thus,ary attemptto cancelhis notibcatiormustthrow anexception.

e int REQUEST_ERROR

- Debneghatarequestdid notendedcorrectlyor wascanceled.
Thereis no obligationof notifying thisinformation. Thisis optionalasit is
alwayspossibleto detectrecoverableerrorshy a transactiorabort. Other
errorsaredetectedvhenadatabasés putin panicmode.

However, if onedecidedo do so,onemustguarante¢hataccesdo atleast
a requestidentipcationis possible. Every metainformationand methods

thatarenot availablemustthrow anexception. Any attemptto changethe
requesimustthrow anexception.

It is worth noticingthatit is not possibleto cancelthis eventasit is abnal
state.Thus,ary attemptto cancelhis notibcatiormustthrow anexception.

4.2.28 Interface RequestProcessor

Handledistenerregistrationfor requeseventsandhasa requestrepository
Declaration public interface RequestProcessor

Methods
e Request getRequest(java.lang.String requestld)

— Description
Returnsa copy of therequesbbjectwith thegivenid.
To avoid synchronizatiorproblems pnemustdo exactly whatfollows:
x Returninga copy of the object and throwing an exception if ary
methodthatattemptgo changats stateis called.
— Parameters
x requestld  DTherequesidentibcation.
— Returns DA copy of therequestobjectwith the givenid, if thereis ary,
null otherwise.

e void setRequestBeginListener(RequestBeginListener
listener, boolean wait)

— Description
Ragistersalistenerthatmustbe notiPeduponrequesbegin.
Subsequent notibcations, with respect to the request that ini-
tiated and its inner contts, may be canceled afterwards us-

ing Dbms.setNotificationlgnored (in 4.2.7, page 30),
Database.setNotificationlgnored (in 4.27, page 30),
Connection.setNotificationlgnored (in 4.2.7, page 30),
Transaction.setNotificationlgnored (in 4.2.7, page 30) or
Request.setNotificationlgnored (in 4.2.7,page30).
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— Parameters

x listener  BThelistenerthathandlesequesbegin events.
x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.
— See also
x ExecutionControl.continueExecution() (in
4.2.21, page 45)

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

e void setRequestCompletionListener(RequestCompletionListener
listener, boolean  wait)

— Description
Ragistersa listenerthatmustbe notiPeduponrequestompletion.
Subsequent notibcations, with respect to the request comple-
tion and its inner contxts, may be canceled afterwards us-

ing Dbms.setNotificationlgnored (in 427, page 30),
Database.setNotificationlgnored (in 427, page 30),
Connection.setNotificationlgnored (in 4.2.7, page 30),
Transaction.setNotificationlgnored (in 4.2.7, page 30) or
Request.setNotificationlgnored (in 4.2.7,page30).

— Parameters

x listener  BThelistenerthathandlesequestompletionevents.

x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.

— See also
x ExecutionControl.continueExecution() (in
4221, page 45)
x ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.2.29 Interface Transaction

ReRectsatransaction.

Declaration public interface Transaction

extends TransactionConstant, Context, ExecutionControl
Methods
e ConnectionContext getConnection()
— Description

Returnsareferenceo therelRectecconnectiorobject.

Thereis no needof returninga copy of this objectasonemustdo when
handlingthemethodgetRequest (in 4.2.29,page67). Assumingablock-
ing notibcation,the connectioncontext must be accessibldoy meansof
transaction.
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— Returns Bthereferenceo aconnectiorobject.
e Request getRequest()

— Description
Returnsa copy of arequesbbject.
To avoid synchronizatiorproblems pnemustdo exactly whatfollows:
* Returninga copy of the object and throwing an exceptionif ary
methodthatattemptgo changdts stateis called.

— Returns DA copy of arequesbbject,if thereis ary, otherwisenull
e Transaction getTransaction()

— Description
Returnsareferencdo the parenttransaction.
This methodmustreturnnull  if thistransactioris nota sub-transaction.
In contrastto getRequest  (in 4.2.29,page67), a referenceto the trans-
action object must be returned. In this case,thereis no problemasthe
parent-transactionontext is Pnishedonly after committingor abortingits
sub-transaction.

- Returns BDThereferencdo a parenttransactionif ary, null  otherwise.

e int getTransactionlsolation()
throws java.sgl.SQLException

— Description
Returnsthetransactiorisolationlevel.
Isolationlevelsavailable:

TRANSACTION_READ_UNCOMMITTED:.2.32,page7l)
TRANSACTION_READ_COMMITTED4.2.32,page72)
TRANSACTION_REPEATABLE_REA 4.2.32,page72)
TRANSACTION_SERIALIZABLE(in 4.2.32,page72)
TRANSACTION_SNAPSHQIF 4.2.32,page72)

— Returns DThetransactiorcurrentisolationlevel.

*

* X ¥ X

— Throws

x java.sql.SQLException bIf adatabasacces®rroroccurs.
— See also

x Transaction.setTransactionlsolation() (in

4229, page 68)
e TransactionProcessor getTransactionProcessor()

— Description
Returnsareferencdo thetransactiorprocessor

— Returns DA referencdo theassociatedransactiorprocessor

e long getVersion()
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— Description

Returngthetransactiorversionnumber

Thisinformationis usedasatimestampmndmustbeassignedvhenatrans-
actionstartsprocessingts Prstcommande.g.,select,nsert,update gtc).
The version may not be available. In this case, this method
must acknavledges this situaion 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 BThetransactiorversion,if it is available, UNKNOWN_VERSION
(in 4.2.32 page71) otherwise.

e void setTransactionlsolation(int level)
throws java.sgl.SQLException

— Description
Changeshetransactiorisolationlevel.
Isolationlevelsavailable:

TRANSACTION_READ_UNCOMMITT@&D4.2.32,page71)
TRANSACTION_READ_COMMITTEDA4.2.32,page72)
TRANSACTION_REPEATABLE_REAiD 4.2.32,page72)
TRANSACTION_SERIALIZABLE(in 4.2.32,page72)
TRANSACTION_SNAPSHGQIh 4.2.32,page72)

If this methodis called during execution (i.e., after processinghe brst
transactior&zommand)an exceptionmustbe thrown.

*

* ¥ X X

— Throws

* java.sql.SQLException bIf a) adatabaseacces®rroroccurs
b)the given parameteis not oneof the constantr ¢), onehave tried
to changeit after starting processinghe bPrstcommand(i.e., in the
middle of atransaction).

— See also

x DatabaseMetalnfo (in 4.211, page 35)

x Transaction.getTransactionlsolation() (in
4229, page 67)

4.2.30 Interface TransactionBeginListener

Debneghelistenerthatwill be notiPedwheneer atransactioris beingstarted.

Declaration public interface TransactionBeginListener

Methods

e void handleTransactionBegin(Transaction transaction)
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— Description
Is called whenerer a listeneris registeredto receve transactionbegin
events.
If the wait Bag is set to true at registration time (see
setTransactionBeginListener (in 4.2.34, page 73), then this
methodimplementatiommustcall continueExecution (in 4.2.21,page

45) or cancelExecution (in 4.2.21,page44).
If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith thetransactiorexecution.

If the listenerhaspreviously called the setNotificationlgnored
(in 4.2.7,page30) method thenthis notibcationmustnot happen.

— Parameters
* transaction PThetransactioron which theeventoccurs.

4.2.31 Interface TransactionCompletionListener

Debneghelistenerthatwill be notibedwheneer atransactioris beingcommittedor
aborted.

Declaration public interface TransactionCompletionListener

Methods

e void handleTransactionCompletion(Transaction
transaction)

— Description
Is called wheneer a listeneris registered to receve transactionPnish
events.
If the wait Rag is set to true at registration time (see
setTransactionCompletionListener (in 4.2.34, page 74),
then this methodimplementationmust call continueExecution (in

4.2.21,paged5).
If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith thetransactiorexecution.

If the listenerhaspreviously called the setNotificationlgnored
(in 4.2.7,page30) method thenthis notibcationmustnot happen.

— Parameters
* transaction PThetransactioron which theeventoccurs.

4.2.32 Interface TransactionConstant

Debnestatesandconstantsisedby Transaction  (in 4.2.29,page66).

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

Fields

e int

o int

e int

e int

o int

e int

TRANSACTION_BEGINNING

— Debneghatatransactionis beginning.

Thisis the brststateandidentibeghatatransactions initiating.

Thereis no obligation of notifying this information. However, if onede-
cidesto do so, one mustguaranteghataccesgo Transaction @ meta
informationandmethodss possible.

In this state a transactiormay alreadybe establishedbut the controlis not
returnedto the client or other databaseparts, which meansthat requests
cannotbe sentor processed.

TRANSACTION_IDLE

Debneghatatransactiorhasbegun.

Thisis the secondstateandidentibPeghata transactiorstartedout hasnot
donearything yet.

Thereis no obligation of notifying this information. However, if onede-
cidesto do so, one mustguaranteghataccesgo Transaction @G meta
informationandmethodss possible.

TRANSACTION_ACTIVE

Transactioris trying to executeits Prstcommandeador write. This must
only happerafterIDLE.

It mustbenotiPedandonemustguarante¢hataccesso Transaction @
metainformationandmethodss possible.

In this state aversionis assignedo thetransactiorandit is quiteimportant
its notibcation.

TRANSACTION_UPDATE

Transactions trying to executeits brstwrite. This mustonly happerafter
ACTIVE.

Thereis no obligation of notifying this information. However, if onede-
cidesto do so, onemustguaranteehat accesdo Transaction & meta
informationandmethodsds possible.

TRANSACTION_PREPARING

Transactions startingacommitmentprotocol. This mustonly happerafter
UPDATE.

It mustbenotiPedandonemustguarante¢hataccesso Transaction (3
metainformationandmethodss possible.

TRANSACTION_PREPARED
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e int

e int

e int

e int

e int

e int

— TransactiorhaspPnishedhe prepareprotoml successfully This mustonly

happeneafter PRERARING.

It mustbenotibedandonemustguarante¢hataccesso Transaction (3
metainformationandmethodss possible.

TRANSACTION_COMMITTING

Transactions atemptingto commit. This mustonly happenafter IDLE,
ACTIVE, UPDATE or PRERARED.

It mustbenotibedandonemustguarante¢hataccesso Transaction (3
metainformationandmethodss possible.

TRANSACTION_COMMITTED

Transactionhas successfullycommitted. This must only happenafter
COMMITTING.

It mustbe notibedandonemustguaranteg¢hataccesgo atleastatransac-
tion identibcationis possible.Every methodandmetainformationthatis
not availablemustthrow anexception.

It is worth noticingthatit is not possibleto cancelthis eventasit is abnal
state.

TRANSACTION_ABORTING

Transactionis aborting.

It mustbenotiPedandonemustguarante¢hataccesso Transaction @3
metainformationandmethodss possible.

TRANSACTION_ABORTED

Transactionhas bPnished. This must only happenafter ABORTING or

COMMITTING

It mustbe notibedandonemustguaranteg¢hataccesgo atleastatransac-
tion identibcationis possible.Every methodandmetainformationthatis

not availablemustthrow anexception.

It is worth noticingthatit is not possibleto cancelthis eventasit is abnal
state.

UNKNOWN_VERSION

A constanstatingthatthe versionis unknown.

This is usedwhen a transactiorhave startedand have not processedry
command(i.e., insert,update deleteor selectcommand), thusnot being
assigned versionto its execution.

TRANSACTION_READ_UNCOMMITTED

A constantstatingthat dirty reads, non-repeatable reads and phantom
reads mayoccur

Dirty readsaredescribeddy the following example:atransaction/ reads
arow changedy anothertransactions2 andbefores2 commits. If ary of
thechangesmadeby 2 in therow readby ¢/ arerolled back,z/ will have
retrievedaninvalid row.
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e int

e int

o int

e int

TRANSACTION_READ_COMMITTED

— A constanstatingthatdirty reads mustnothappennon-repeatable reads

andphantom readsmayoccur

In thisisolationlevel, atransactiormustnot be allowedto reada row with
uncommittecthangesn it.

TRANSACTION_REPEATABLE_READ

A constantstatingthat dirty reads and non-repeatable reads mustnot
happenPhantom reads mayoccut

In this isolation level, transactionsnustnot: «) be allowed to reada row
with uncommittecchangesh)bPndnon-repeatable read issues.

A non-repeatablesadissueis describedy thefollowing situation:atrans-
action:/ readsarow, afterwards,a secondransactions2, updateghevery
samerow. Finally, ¢/ rereadshe row, eventually getting differentvalues
from the Prstreadoperation.

TRANSACTION_SERIALIZABLE

A constantstatingthat dirty reads, non-repeatable reads and phantom
reads mustnot happen.

In this isolation level, restrictions  described in
TRANSACTION_REPEATABLE_READ 4.2.32,page72) musthold, as
well astheremustnotbeary phantonrowsissues.

A phantomrow is describedby the following example: a transactiony!
readsall rows that meeta WHERElause;afterwardsa secondransaction,
12 insertsarow thatsatispeshe WHEREoNdition; Pnally, ¢/ rereadsusing
the samewHERElause retrieving the additional"phantom"rows, created
by 2.

TRANSACTION_SNAPSHOT

A constantstatingthat dirty reads, non-repeatable reads and phantom
reads mustnothappen.

In this isolation level, restrictions  described in
TRANSACTION_REPEATABLE_READ 4.2.32,page72) musthold, as
well astheremustnot be ary phantomrows issues.Unfortunately write
skew problemsarise.

A phantomrow is describedby the following example: a transactiony!/
readsall rows that meeta WHERElause;afterwardsa secondransaction,
12 insertsarow thatsatisbpeshe WHEREoNdition; Pnally, 7/ rereadsusing
the samewHERElause retrieving the additional"phantom"rows, created
by 2.

4.2.33 Interface TransactionPrepareListener

Debneghelistenerthatwill benotipedwhenerer atransactions beingpreparedo be
committed.

Declaration public interface TransactionPrepareListener
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Methods

e void handleTransactionPrepare(Transaction
transaction)

— Description
Is called wheneer a listeneris registeredto receve transactionprepare
events.
If the wait Rag is set to true at registration time (see
setTransactionPrepareListener (in 4.2.34, page 74), then
this methodimplementatiormustcall continueExecution (in 4.2.21,

page45) or cancelExecution (in 4.2.21,paged4).
If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith thetransactiorexecution.

If the listenerhaspreviously called the setNotificationlgnored
(in 4.2.7,page30) method thenthis notibcationmustnot happen.

— Parameters
* transaction PbThetransactioron which theeventoccurs.

4.2.34 Interface TransactionProcessor

Handledistenerregistrationfor transactioreventsandhasatransactiorrepository

Declaration public interface TransactionProcessor

Methods

e Transaction getTransaction(java.lang.String
transactionld)

— Description
Returnsa copy of thetransactiorobjectwith the givenid.
To avoid synchronizatiorproblems pnemustdo exactly whatfollows:
x Returninga copy of the object and throwing an exception if ary
methodthatattemptgo changadts stateis called.
— Parameters
x transactionld BThetransactionidentibcation.
- Returns DA copy of thetransactiorobjectwith thegivenid, if thereis ary,
null  otherwise.

e void setTransactionBeginListener(TransactionBeginListener

listener, boolean  wait)
— Description
Rajistersa listenerthat mustbe notiPeduponwhena transactioris being
startedup.
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Subsequentnotibcations, with respect to the transaction that is
being started up and its inner contts, may be canceled af-

terwards using Dbms.setNotificationlgnored (in 4.2.7, page
30), Database.setNotificationlgnored (in 4.2.7, page 30),
Connection.setNotificationlgnored (in 4.2.7, page 30) or
Transaction.setNotificationlgnored (in 4.2.7,page30).

— Parameters

x listener DThelistenerthathandlegransactiorstartupevents.

x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.

— See also

x ExecutionControl.continueExecution() (in
4221, page 45)

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

setTransactionCompletionListener(TransactionCompletionListener

listener, boolean  wait)

— Description

Ragistersa listenerthat mustbe notibedwhen a transactioris being bn-
ished.

Subsequentnotibcations, with respect to the transaction that is
being Pnished and its inner contts, may be canceled after

wards using Dbms.setNotificationlgnored (in 4.2.7, page
30), Database.setNotificationlgnored (in 4.2.7, page 30),
Connection.setNotificationlgnored (in 4.2.7, page 30) or
Transaction.setNotificationlgnored (in 4.2.7,page30).

— Parameters

* listener BThelistenerthatis to handletransactiorbnishevents.

x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.

— See also

x ExecutionControl.continueExecution() (in
4221, page 45)

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

setTransactionPrepareListener(TransactionPrepareListener

listener, boolean wait)

— Description

Registersalistenerthatis notibedwhenthetransactions beingprepared.

Subsequentnotibcations, with respect to the transaction that is
being prepared and its inner contts, may be canceled after

wards using Dbms.setNotificationlgnored (in 4.2.7, page
30), Database.setNotificationlgnored (in 4.2.7, page 30),
Connection.setNotificationlgnored (in 4.2.7, page 30) or
Transaction.setNotificationlgnored (in 4.2.7,page30).
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— Parameters

x listener  BThelistenerfor this event
« wait bDif true the notiPermustwait for the listenerto proceed,
false otherwise.
— See also
* ExecutionControl.continueExecution() (in
4221, page 45)

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

e void setTransactionUpdateListener(TransactionUpdateListener
listener, boolean  wait)

— Description
Ragistersa listenerthat mustbe notibedwhena transactiorperformedits
prstupdatestatement.
Subsequentnotibcations, with respectto the transactionthat is be-
ing receving its Prst update and its inner contets, may be can-

celed afterwards using Dbms.setNotificationignored (in 4.2.7,
page 30), Database.setNotificationlgnored (in 4.2.7, page
30), Connection.setNotificationlgnored (in 4.2.7,page30) or
Transaction.setNotificationlgnored (in 4.2.7,page30).

— Parameters

* listener PThelistenerthatis to handlethis event.

+« wait bDif true the notiPermustwait for the listenerto proceed,
false otherwise.

— See also
x ExecutionControl.continueExecution() (in
4221, page 45)
x ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.2.35 Interface TransactionUpdateListener

Debneghelistenerthatwill benotiPedwheneeratransactiorexecutedts bPrstupdate
statement.

Declaration public interface TransactionUpdateListener

Methods

e void handleTransactionUpdate(Transaction transaction)
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— Description

Is called whenever the listeneris registeredto receve information on a
transactiorthatexecutedts brstupdatestatement.

If the wait RBag is set to true at registration time (see
setTransactionUpdateListener (in 4.2.34, page 75), then
this methodimplementatiormustcall continueExecution (in 4.2.21,
page45) or cancelExecution (in 4.2.21,page44).

If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the transactiorexecution.

If the listenerhaspreviously called the setNotificationlgnored

(in 4.2.7,page30) method thenthis notibcationmustnot happen.

— Parameters

x transaction PThetransactioron which theeventoccurs.
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4.3 Package gorda.db.executor

Eventsand interfacesassociatedvith tuple sets(i.e., write setsand resultsets)and
transactioriog.

4.3.1 Interface ExecutorStage

Handledistenerregistrationfor objectsetevents.
Declaration public interface ExecutorStage

Methods

e void setObjectSetReadListener(ObjectSetReadListener
listener, boolean wait)

— Description
Rajisters a listener that must be notibed when an object set related
to readinformation is being processed. Subsequentotibcations,with
respectto the logger object set and subsequentstagesmay be can-

celed afterwards using Dbms.setNotificationlgnored (in 4.2.7,
page 30), Database.setNotificationlgnored (in 4.2.7, page
30), Connection.setNotificationlgnored (in 4.2.7, page 30),
Transaction#setNotificationlgnored (in 4.2.7, page 30) or
Request#setNotificationlgnored (in 4.2.7,page30).
— Parameters
x listener  BThelistenerthathandlesobjectseteventsrelatedto read
information.

x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.

— See also

x ExecutionControl.continueExecution() (in
4221, Dpage 45)

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

e void setObjectSetWriteListener(ObjectSetWriteListener
listener, boolean wait)

— Description

Rayistersa listenerthat must be notibedwhen an object set relatedto
written information is being processed. Subsequenhotibcations,with
respectto the logger object set and subsequenstagesmay be can-
celed afterwards using Dbms.setNotificationlgnored (in 4.2.7,
page 30), Database.setNotificationignored (in 4.2.7, page
30), Connection.setNotificationlgnored (in 4.2.7, page 30),
Transaction.setNotificationlgnored (in 4.2.7, page 30) or
Request.setNotificationlgnored (in 4.2.7,page30).
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— Parameters
x listener  BThelistenerthathandleshe objectseteventsrelatedto
writteninformation.

x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.

— See also
x ExecutionControl.continueExecution() (in
4221, page 45)
x ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.3.2 Interface ObjectSet

Determinesanobjectset: anobjectgeneratedfterprocessing statement.

The interfaceis built uponthe java.sgl.ResultSet andis usedto dePnewhich
information was written and read while processig commandge.g., update,delete,
insert,etc).

For written information,the objectsetmustbe debnedasfollows

e adeleteTYPE_DML_DELETEin 4.3.3,page79): aresultsetwith the deleted
tuples.

e TYPE_DML_INSERT(n 4.3.3,page79)aresultsetwith theinsertedtuples

e anupdateTYPE_DML_UPDATEN 4.3.3,page79): aresultsetwhereeachentry
is composedy thenew tuple plustheold tuple.

For readinformation,the objectsetmustbe dePnedasfollows

e adelete (in 4.3.3,page79): aresultsetwith thereadtuples.

However, it is notarequiremento have readinformationif onedecidedo imple-
mentthis stage For furtherdiscussionsn how to obtainareadsetseeGORDA
Documents (at http://gorda.di.uminho.pt).

Declaration public interface ObjectSet

extends java.sgl.ResultSet, gorda.db.PipelineConstant,
ObjectSetConstant, gorda.db.ContextReference,
gorda.db.ExecutionControl

Methods

e ExecutorStage getExecutorStage()

— Description
Returnsareferencdo the executorstage.

— Returns DA referencdo theexecutorstage.
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e int getObjectSetType()

— Description
Returngthetype of the objectset.

The type of the objectis one: TYPE_DML_DELETEin 4.3.3, page79);
TYPE_DML_INSERT(in 4.3.3,page79); TYPE_DML_UPDATEN 4.3.3,
page79) or TYPE_NO_UPDATEGSnN 4.3.3,page79).

— Returns DTheobjectsettype.

4.3.3 Interface ObjectSetConstant

Debnestatesandconstantsisedby ObjectSet  (in 4.3.2,page78).

Declaration public interface ObjectSetConstant

All known subinterfaces ObjectSet(in 4.3.2,page78)

Fields

e int TYPE_DML_INSERT
— Debneghatinformationis aboutto beinserted.
e int TYPE_DML DELETE
- Debneghatinformationis aboutto bedeleted.t is worth noticingthatary
changedo the objectsetdoesnot make sensén this state.An exceptionis
thrown if onetriesto do so.
e int TYPE_DML_UPDATE
— Debneghatinformationis aboutto be updated.

e int TYPE_NO_CHANGES

- DebPneghatinformationwasread.

4.3.4 Interface ObjectSetReadListener

Debneghelistenerthatwill be notipedwhenaer anobjectset(i.e., readinformation)
is generated.

Declaration public interface ObjectSetReadListener
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Methods
e void handleObjectSetRead(ObjectSet objSet)
— Description
Is calledwheneer thelisteneris registeredto receve objectset(i.e., read
information)events.
If the wait RBag is set to true at registration time (see
setObjectSetReadListener (in 4.3.1, page77), then this method
implementatiormustcall continueExecution (in 4.2.21,page45) or

cancelExecution (in 4.2.21,page44).

If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the objectsetexecution.

— Parameters

x objSet DTheobjectset(i.e., readinformation)on which the event
occurs.

4.3.5 Interface ObjectSetWriteListener

Debnealistenerthatwill benotibedwhene&eranobjectset(i.e., writteninformation)
is generated.

Declaration public interface ObjectSetWriteListener

Methods

e void handleObjectSetWrite(ObjectSet objSet)

— Description

Is calledwhenever thelisteneris registeredto receve objectset(i.e., writ-
teninformation)events.

If the wait Bag is set to true at registration time (see
ObjectSetWriteListener (in 4.3.1, page 77), then this method
implementatiormustcall continueExecution (in 4.2.21,page45) or
cancelExecution (in 4.2.21 paged4).

If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the objectsetexecution.

— Parameters

x 0bjSet BTheobjectset(i.e., writteninformation)onwhichtheevent
occurs.

80



4 API DESCRIPTION 4.4  Package gorda.db.logminer

4.4 Package gorda.db.logminer

Eventsandinterfacesassociateavith transactiorog thatprovide transparenaccesso
its content.

4.4.1 Interface LoggerObjectSet

Debnesaloggerobjectsetprovided by alog minermechanism At leasttuplesmust
be notibedandtheformatmustbe the samedebnedy the ObjectSet  (in 4.3.2,page
78).

Declaration public interface LoggerObjectSet

extends gorda.db.PipelineConstant, gorda.db.ExecutionControl
Methods
e gorda.db.executor.ObjectSet getLoggerObjectSet()
— Description

Returnsareferencdo anobjectset.
— Returns DA referenceo anobjectset.

e LogMinerStage  getLogMinerStage()

— Description
Returnsareferencdo thelog minerstage.
— Returns DA referencdo thelog minerstage.

4.4.2 Interface LoggerObjectSetExecutionListener

Debneghelistenerthatwill benotibedwhenereraloggerobjectsetis beingprocessed.

Declaration public interface LoggerObjectSetExecutionListener

Methods
e void handleLoggerObjectSetExecution(LoggerObjectSet
logger)
— Description
Is called whenever the listeneris registeredto receve logger object set
events.
If the wait RBa iss set to true at registration time (see
setLoggerObjectSetExecutionListener (in 4.4.3, page

82), thenthis methodimplementatiormustcal continueExecution

(in 4.2.21,page45) or cancelExecution (in 4.2.21 page4d).

If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith theloggerobjectsetexecution.

— Parameters
x logger BTheloggerobjectsetonwhichtheeventoccurs.
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4.4.3 Interface LogMinerStage

Handledistenerregistrationfor loggerobjectsetevents.

Declaration public interface LogMinerStage

Methods

e void setLoggerObjectSetExecutionListener(LoggerObjectSetExecutionListener
listener, boolean  wait)

— Description
Rayistersa listenerthatmustbe notibedwhenaloggerobjectsetis being.

Subsequent notibcations, with respect to the logger object
set and subsequent stages may be canceled afterwards us-

ing Dbms.setNotificationlgnored (in 427, page 30),
Database.setNotificationlgnored (in  4.2.7, page 30),
Connection.setNotificationlgnored (in 4.2.7, page 30),
Transaction.setNotificationlgnored (in 4.2.7, page 30) or
Request.setNotificationlgnored (in 4.2.7,page30).

— Parameters

x listener  BThelistenerthathandledoggerobjectsetevents.

x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.

— See also
x ExecutionControl.continueExecution() (in
4221, page 45)
x ExecutionControl.cancelExecution() (in 4.2.21,
page 44)
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4.5 Package gorda.db.parser

Eventsandinterfacesassociateavith parsetrees.

4.5.1 Interface ParsedStatement

Determinesa parsedstatementan objectgeneratedby the parserstage.

Declaration public interface ParsedStatement

extends gorda.db.PipelineConstant, gorda.db.ContextReference,
gorda.db.PreparedExecution, gorda.db.ExecutionControl
Methods

e boolean altersDatabaseCatalog()

— Description
Returngrueif thisrequesinvalidatessomeha the DatabaseCatalog.

- Returns Dtrueif thedatabaseatalogis altered.

boolean altersDatabaseSchema()

— Description
Returngrueif thisrequesinvalidatessomehwv the Databasé&chema.

— Returns Dtrueif thedatabasschemas altered.

boolean altersStoredProcedureList()

— Description
Returngrueif thisrequesinvalidatessomehav the StoredProcedurd.ist.

— Returns Btrueif thestoredprocedurdist is altered.

boolean altersUserDefinedTypes()

— Description
Returngrueif thisrequesinvalidatessomeha the UserDebnedTypes.

— Returns Dtrueif theUDTs arealtered.

boolean altersUsers()

— Description
Returnstrue if this requestinvalidatessomehw the Use's debnitionor
rights.

— Returns BPtrueif theusersarealtered.

ParserStage  getParserStage()

— Description
Returnsareferencdo the parserstage.
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- Returns DThereferenceo the parserstage.
e java.util.Set getReadLockedTables()

— Description
Returnghelist of tablenameghatmustbereadlockedby the executionof
thisrequest.

- Returns DA setof stringcontainingtablenamedo bereadlocked by this
request.Thislist maybenull or emptyif notableneedso belocked.

e java.util.Set getReadTables()
— Description
Returngthelist of tablenameghatshouldbe readby the executionof this
request.

— Returns B Setof string containingtablenameso bereadby this request.
Thislist maybenull or emptyif notableneedgo beread.

e java.util.Set getWriteLockedTables()

— Description
Returnsthe list of tablenamesthat mustbe write locked by the execution
of thisrequest.

— Returns DA setof stringcontainingtablenamego bewrite locked by this
request.Thislist maybenull or emptyif notableneedso belocked.

e java.util.Set getWriteTables()

— Description
Returnsthe list of table namesthat should be written by the executionof
thisrequest.

— Returns D Setof string containng tablenamego bewrite by this request.
Thislist maybenull or emptyif notableneedgo bewritten.

e boolean isAlter()

— Description

Returns true if this requestin a ALTER statement. It is worth
noticing that this method subsumeghe methods: altersUsers (in

4.5.1, page 83), altersUserDefinedTypes (in 4.5.1, page 83) ,
altersStoredProcedurelList (in 4.5.1,page83), (in 4.5.1,page83)
andaltersDatabaseCatalog (in 4.5.1,pages3).

— Returns Daboolean value
e boolean isCreate()

— Description
Returngrue if thisrequesin a CREATEstatement.

— Returns Paboolean value

e boolean isCursor()
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— Description
Returngrue if thisrequesis relatedto cursor(s).
Forinstancethefollowing commandshouldbeclassibedn this cataory:
DECLARE CURSOR| FETCH/MOVE | CLOSE

— Returns Paboolean value

boolean isDelete()

— Description
Returnstrue if thisrequesin a DELETEStatement.

— Returns Paboolean value

boolean isDrop()

— Description
Returngrue if thisrequesin a DROPstatement.

— Returns Daboolean value
e boolean isInsert()

— Description
Returngrue if thisrequesin anINSERT statement.

— Returns Paboolean value

boolean isLock()

— Description

Returngrue if thisrequeshashintsonlocks. For instancethefollowing
commandshouldbe classibedn this cateyory: LOCK TABLE.

— Returns Paboolean value

boolean isOther()

— Description
Returngrue if thisanadministratve request.

For instance the following commandamust be classibedas administra-
tive commandsindmostlik ely just makessensdocally: CHECKPOINT]|
REINDEX | SET.

— Returns DPaboolean value
e boolean isSelect()

— Description
Returngrue if thisrequesin a SELECTstatement.

— Returns Paboolean value

e boolean isTransaction()
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— Description
Returnsrue if thisrequestis relatedto transactiorcommands.

For instancethefollowing commandshouldbeclassibedn this category:
BEGIN | COMMIT | ROLLBACK | SAVE POINT | PRERARE TRANS-
ACTION

— Returns Paboolean value

e boolean isUpdate()

— Description
Returngrue if thisrequesin anUPDATEStatement.

— Returns Paboolean value

4.5.2 Interface ParsedStatementExecutionListener

Debneghe listenerthat will be notibedwheneer a pared statemeneventis being
processed.

Declaration public interface ParsedStatementExecutionListener

Methods

e void handleParsedStatementExecution(ParsedStatement
parsedSt)

— Description

Is called whenerer the listeneris registeredto receve parsedstatement
events.

If the wait Bag is set to true at registration time (see
setParsedStatementExecutionListener (in  4.5.3, page
87), thenthis methodimplementatiormustcall continueExecution

(in 4.2.21,page45) or cancelExecution (in 4.2.21 paged4).

If thewait Ragis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the parsedstatemenéexecution.

— Parameters

x parsedSt BTheparsedstatemenbnwhichtheeventoccurs.

4.5.3 Interface ParserStage

Handledistenerregistrationfor parsedstatemengévents.

Declaration public interface ParserStage
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Methods

e void setParsedStatementExecutionListener(ParsedStatementExecutionListener

listener, boolean wait)
— Description
Registersa listenertha mustbe notibedwhena parsedstatements being
processed.

Subsequent notibcations, with respect to the execution plan
and subsequent stages may be canceled afterwards using

Dbms.setNotificationlgnored (in  4.2.7, page 30),
Database.setNotificationlgnored (in 4.2.7, page 30),
Connection.setNotificationlgnored (in 4.2.7, page 30),
Transaction.setNotificationlgnored (in 4.2.7, page 30) or
Request.setNotificationlgnored (in 4.2.7,page30).

— Parameters

x listener  BThelistenerthathandlegparsedstatemenevents.

x wait Dif true the notibermustwait for the listenerto proceed,
false otherwise.

— See also
x ExecutionControl.continueExecution() (in
4221, page 45)
x ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

87



4.6  Package gorda.db.receiver

4 API DESCRIPTION

4.6 Package gorda.db.receiver

Eventsandinterfacesassociatedvith raw statements.

4.6.1 Interface ReceiverStage

Handledistenerregistrationfor statemenevents.

Declaration public

interface ReceiverStage

Methods
e void setStatementExecutionListener(StatementExecutionListener
listener, boolean wait)
— Description

Ragistersa listenerthat mustbe notiPedwhenan statements beingpro-
cessed.

Subsequent notibcations, with respect to the statement
and subsequent stages may be canceled afterwards using
Dbms.setNotificationlgnored (in 4.27, page 30),
Database.setNotificationlgnored (in 4.2.7, page 30),
Connection.setNotificationlgnored (in 4.2.7, page 30),
Transaction.setNotificationlgnored (in 4.2.7, page 30) or
Request.setNotificationlgnored (in 4.2.7,page30).

Parameters
x listener BThelistenerthathandlesstatemenévents.
x wait Dif true the notibermustwait for the listenerto proceed,

false otherwise.
See also

x ExecutionControl.continueExecution()
4.2.21, page 45)

x ExecutionControl.cancelExecution()
page 44)

(in

(in 4.2.21,

4.6.2 Interface Statement

Debnesan objectstatementa commandor a setof commandssentby a client to be
processed.

Declaration public
extends gorda.db.PipelineConstant,
gorda.db.PreparedExecution,

Statement
gorda.db.ContextReference,
gorda.db.ExecutionControl

interface
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Methods

e ReceiverStage getReceiverStage()
— Description
Returnsareferencedo therecever stage.
— Returns DA referencdo therecever stage.

e java.lang.String getStatement()
— Description

Returnsthe statement.
— Returns BDThestatement.

e void setStatement(java.lang.String statement)
— Description
Setsthe statement.

— Parameters

+ statement BThestatement.

4.6.3 Interface StatementExecutionListener

Debneghelistenerthatwill be notibedwheneer a statemenis beingprocessed.

Declaration public interface StatementExecutionListener

Methods

e void handleStatementExecution(Statement statement)

— Description
Is calledwheneer a listeneris registeredto receve statemenevents.

If the wait RBag is set to true at registration time (see
setStatementExecutionListener (in 4.6.1, page 88), then
this methodimplementatiormustcall continueExecution (in 4.2.21,
page45) or cancelExecution (in 4.2.21,page44).

If thewait Bagis setto false atregistrationtime, thenthis methodmust
berunin parallelwith the statemeng&xecution.

— Parameters

* statement BDThestatemenbnwhichtheeventoccurs..
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5.1 Query Caching

This sampleshavs how to implementa simple query cache. Besidesbeing anim-
portantissuein itself for replicateddatabaseghis is alsoan exampleof animportant
technique: how to replacestatementsn the contect of a client initiated transaction
while still faking resultsetsobtainedfrom a differentsource.This is usefulfor query
shippingandload balancingfor instance.

Notethatthisimplementatiorfails to properlyinvalidatethe cachewhenupdateopera-
tionsareissued.This could be solvedby usingthe object-sestageto inspectmodibed
data.

public class QueryCache implements StatementExecutionListener,
DatabaseStartupListener {
private  static RequestProcessor regProc;

private  static LinkedHashMap cache = new LinkedHashMap() {
protected boolean removeEldestEntry(Map.Entry entry) {
return  size() > 100;

}

h

As usual,the brststepis to registerall requiredevent handlers.In detail, we usethe
statemenhandler

public  QueryCache(DatabaseProcessor dbProc, RequestProcessor reqPr oc,
ReceiverStage stmtProc)  {
QueryCache.reqProc = reqProc;
dbProc.setDatabaseStartupListener( this , true );
stmtProc.setStatementExecutionListener( this , true );
}

The coreof the querycacheis the methodthatgets calledasa Java storedprocedure.
It builds aresultsetfrom previously cachedresultsandreturnsit.

public  static void cacheLookup(String reqld, String query, ResultSet[] rsl)
throws SQLException  {

Connection ¢ = DriverManager.getConnection("jdbc:default: connection");
Transaction tx = reqProc.getRequest(reqld).getTransaction( );
Utils.info("looking Jup: _txid="  + tx.getld());
java.sgl.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 += "(*;
it (first)
cached += ",
first = false ;
for (int i = 0; i < rs.getMetaData().getColumnCount(); i++) {
if (i !'= 0)
cached += "";
cached += "0" + rs.getString(i +1) + "0

cached += ")
cache.put(query, cached);
rs1 = new ResultSet[1];

rs1[0] = s.executeQuery(cached);
c.close();
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5.1 Query Caching

Thekey usageof the specibcations in the interceptingandreplacingstatementsvith
callsto the cachelookup procedure.

public  void handleStatementExecution(Statement statement) {
ty {
switch  (statement.getState()) {
case Statement.PIPELINE_PROCESSING:
if (statement.getStatement().toLowerCase().startsWith("select ")
statement.setStatement("CALL _cacheLookup(O"
+ statement.getRequest().getld() + "0, 0"
+ statement.getStatement() + "O)");
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);

}

}

The Java storedproceduras registereduponstartupof eachdatabasetyansparentlyo
clientconbguration.

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 ¢ = ds.getConnection();

java.sql.Statement s = c.createStatement();

s.execute("CREATE _PROCEDUREachelLookup(reqid , VARCHAR(10), _query VARCHAR(1
+ "PARAMETERSTYLE_JAVA_LANGUAGEJAVA READS SQL _DATA DYNAMIC,RESULT SETS 1
+ "EXTERNAL NAMEOgorda.demo.QueryCache.cacheLookupO");
s.close();

c.close();

database.continueExecution();
break ;

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

00))"

91



5.2 Streaming

5 SAMPLES

5.2 Streaming

This sampleshavs how to useto capturechangedo the databaseand publishthem
to a JMS compliantpublish-subscribeystem. This allows ary databasesener that
implementghe specibcationo achiese a similar effectto OracleStreams.

public class ChangePublisher implements  TransactionBeginListener,
TransactionCompletionListener, ObjectSetWriteListener {

private MessageProducer  sender;

private Session  session;

Thebrststepis to setupthe meta-kvel codeby registeringall eventlisteners Notethat
we synchronouslyvait for transactiorbegin 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 );
}

Whenatransactiorbegins, eitherexplicitly or implicitly, we arenotibPedandinitialize
theattachedstateto hold all changesuntil thetransactiorcommits.

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 arenotinterestedn doingarything elsebeforethetransactiorcommits.Sowe let
it proceed.

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

If thetransactiorhascommitedsuccessfullywe wrapthechangeperformedasatext
messagandpublishit usingJMS. Propertiesareseton the messagéo allow bltering.

case Transaction. TRANSACTION_COMMITTED:
message = session.createTextMessage();

message.setText("Committed _transaction " + transaction.getld()
+ "\n" + state.toString());

message.setBooleanProperty("committed”, true );

message.setStringProperty("database”, transaction
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.getConnection().getDatabase().getld());
message.setintProperty("writes", state.writes());
sender.send(message);
transaction.continueExecution();
break ;

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

If thetransacion hasabortedwe nonethelesperformedasatext messag@andpublish
it usingJMS. By settingthe commitedproperty we allow blteringto occurwithin the
network.

case Transaction.TRANSACTION_ABORTED:
message = session.createTextMessage();

message.setText("Aborted _transaction: " + transaction.getld()
+ "\n" + state.toString());

message.setBooleanProperty(‘committed"”, false );

message.setStringProperty(“"database”, transaction

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

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

Upon eachmodibcatiorbeingperformedwe storeit in the context 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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A simpleasyncrhonouprimary-backupeplicationprotocolcanbeachivedby relaying
changedo a backupreplicausingsomecommunicatiorprotocol. In this example,a
simplestreamsocletis used thusminimizing theamountof code.

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

The primary, or mastey mustcollect all changesdoneby clients. This is similar to
capturingchangesn 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);
}
}

Uponeachtransactiorcommiting,we queueupdategor asynchronoupropagtionby
theseparatehread.

public  synchronized void handleTransactionCompletion(Transaction transaction) {
try {
switch  (transaction.getContextState()) {
case Transaction. TRANSACTION_COMMITTING:
gueue.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);
}
}

The coreof the primaryreplicais a separatehreadthat connectgo a backupreplica
andpushesupdatesasthey becomeavailableon the local outgoingqueue.

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
.getlnputStream());

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  (linstr.readBoolean()) {
evt.cancelExecution();
break ;
}
Utils.info("Acknowledgment _received.");

evt.continueExecution();

Utils.info("Backup _refused _update.");
} catch (Exception e) {
Utils.error("Backup _disconnected.", e);

}

95




5.3 Replication

5 SAMPLES

try {
sock.close();

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

}
}
private LinkedList queue = new LinkedList();

}

The backupreplicawaitsfor updateseingpushedoy the primaryreplicaandapplies
themusingthe JDBC interface. Notice thatthe meta-lerel codeis usedto ensurethat
nolocal updatesareperformedo thebackupwhichis 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 updateshave beenperformedandrollbackthetransaction.

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() 1= 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);

}

}

The mainloop waits for a connectiorfrom the primary andthenrecevesupdatesand
appliesthemusing JDBC connection.Notice that this is very naive in the sensethat
sequentiabpplicationof updatess performed.Thisis doneto improve the readability
of thesampleandcaneasilybe doneusingthe JDBCinterfacewith a connectiorpool.

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 sgle) {
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
Utils.cleanUp(ex);

}

_from _master.", ex);

}
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This createsa connectiorto injectremoteupdatesnto the backupreplica.

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);

ThisdisablegeRectiorof processingf SQL statementssuedvhenapplyingupdates.
This ensureghatonly locally executedstatementgetref3ected.

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

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

ConnectionMetalnfo meta = connection.getConnectionMetalnfo 0;

if (meta !'= null && meta.getUserld() 1= null

&& meta.getUserld().equals(user))
connection.setNotificationlgnored( true );

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

}

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

}

}
}
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THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMSOF THIS CREATIVE COM-
MONS PUBLIC LICENSE ("CCPL" OR"LICENSE"). THE WORK IS PROTECTEDBY COPYRIGHT
AND/OR OTHER APPLICABLE LAW. ANY USE OF THE WORK OTHER THAN AS AUTHORIZED
UNDERTHIS LICENSEOR COPYRIGHTLAW 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 CONSIDERA'ION OF YOURACCEPRNCE OF SUCHTERMSAND CONDITIONS.

1.

a.

Definitions

""Adaptation" meansawork baseduponthe Work, or uponthe Work andotherpre-isting works,such
asa translation,adaptationderivative work, arrangemenof music or otheralterationsof a literary or
artisticwork, or phonogranor performanceandincludescinematographiadaptation®r ary otherform
in which the Work may be recast transformedpr adaptedncludingin ary form recognizablyderived
from theoriginal, exceptthatawork thatconstitutesa Collectionwill notbeconsidereénAdaptationfor
the purposeof this License.For the avoidanceof doubt,wherethe Work is a musicalwork, performance
or phonogramthe synchronizatiorof the Work in timed-relationwith a moving image("synching")will
be consideredn Adaptationfor the purposeof this License.

. "Collection" meansa collection of literary or artistic works, suchas eng/clopediasand anthologies,

or performancesphonogramsr broadcastspr otherworks or subjectmatterother thanworks listed

in Section1(f) below, which, by reasonof the selectionand arrangemenof their contents,constitute
intellectualcreationsjn which the Work is includedin its entiretyin unmodibPedorm alongwith oneor

moreothercontritutions,eachconstitutingseparat@andindependentvorksin themseles,whichtogether
areassemblednto a collective whole. A work that constitutesa Collectionwill not be considerecan

Adaptation(asdePnedabore) for the purpose®f this License.

. "Distribute' meango make availableto the public the original andcopiesof the Work throughsaleor

othertransferof ownership.

. "Licensor' meangheindividual,individuals,entity or entitiesthatoffer(s) the Work underthe termsof

this License.

. "Original Author' means,n the caseof a literary or artistic work, the individual, individuals, entity

or entitieswho createdthe Work or if no individual or entity can be identibal, the publisher;andin
addition (i) in the caseof a performancehe actors,singers musiciansdancersandotherpersonsvho
act,sing,deliver, declaim,playin, interpretor otherwiseperformliterary or artisticworks or expressions
of folklore; (ii) in the caseof a phonogranthe producerbeingthe personor legal entity who brstbxes
the soundsof a performanceor othersounds;and, (iii) in the caseof broadcaststhe organizationthat
transmitsthe broadcast.

"Work"' meangheliterary and/orartisticwork offeredunderthetermsof this Licenseincludingwithout
limitation ary productionin theliterary, scientibcandartisticdomain whatezermaybethemodeor form
of its expressionincluding digital form, suchasa book, pamphletand otherwriting; a lecture,address,
sermonor otherwork of the samenature;a dramaticor dramatico-musicalvork; a choreographievork
or entertainmenin dumbshawv; a musicalcompositon with or without words; a cinematographigvork
to which areassimilatedvorks expressedy a processanalogougo cinematograpyy awork of drawing,
painting,architecturesculpture engraing or lithograply; aphotographiavork to which areassimilated
worksexpressedy aprocessainalogougo photograpky; awork of appliedart; anillustration,map,plan,
sketchor three-dimensionalvork relative to geograply, topograply, architectureor science;a perfor
mance;a broadcasta phonograma compilationof datato the extentit is protectedasa copyrightable
work; or awork performedby avariety or circusperformerto the extentit is not otherwiseconsiderecd
literary or artisticwork.

. "You'" meansanindividual or entity exercisingrightsunderthis Licensewho hasnot previously violated

the termsof this Licensewith respectto the Work, or who hasreceved expresspermissionfrom the
Licensorto exerciserightsunderthis Licensedespitea previousviolation.

. ""Publicly Perform' meango performpublic recitationsof the Work andto communicateo the public

thosepublic recitations by ary meansor processijncluding by wire or wirelessmeansor public digital
performancesto make available to the public Works in sucha way that membersof the public may
accesgheseWorksfrom a placeandat a placeindividually choserby them;to performthe Work to the
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public by ary meansor processandthe communicatiorto the public of the performancesf the Work,
including by public digital performanceto broadcasandrebroadcasthe Work by ary meansncluding
signs,soundsor images.

i. "Reproduce' meando make copiesof theWork by ary meansncludingwithout limitation by soundor
visual recordingsandthe right of PxationandreproducingPxationsof the Work, including storageof a
protectedoerformancer phonogranin digital form or otherelectronicmedium.

2. Fair Dealing Rights. Nothingin this Licenseis intendedo reducejimit, or restrictary usesfree
from copyright or rights arising from limitations or exceptionsthatare providedfor in connectionwith the
copyright protectionundercopyright law or otherapplicabldaws.

3. License Grant. Subjectto the termsandcondiions of this License,LicensorherebygrantsYou
aworldwide, royalty-free, non-exclusive, perpetualfor the durationof the applicablecopyright) licenseto
exercisetherightsin the Work asstatedbelow:

a. to ReproduceheWork, to incorporateheWork into oneor moreCollections andto Reproduceéhe Work
asincorporatedn the Collections;and,

b. to DistributeandPublicly Performthe Work includingasincorporatedn Collections.
c. Fortheavoidanceof doubt:

i. Non-waivable Compulsory License Schemes. In thosejurisdictionsin which the right to collect
royalties throughary statutoryor compulsorylicensing schemecannotbe waived, the Licensor
reseresthe exclusive right to collect suchroyaltiesfor ary exerciseby You of the rights granted
underthis License;

ii. Waivable Compulsory License Schemes. In thosejurisdictionsin which theright to collectroy-
altiesthrough ary statutoryor compulsorylicensingschemecan be waived, the Licensorwaives
the exclusive right to collectsuchroyaltiesfor ary exerciseby You of the rights grantedunderthis
License;and,

iii. Voluntary License Schemes. The Licensorwaivestheright to collectroyalties,whetherindividu-
ally or, in theeventthatthe Licensoris amemberof a collectingsocietythatadministerssoluntary
licensingschemesyia thatsociety from arny exerciseby Youof therightsgrantedunderthisLLicense.

The above rights may be exercisedin all mediaandformatswhethernow known or hereafterdevised.
The above rights includethe right to make suchmodibcationsas aretechnicallynecesse to exercise
therightsin othermediaandformats,but otherwiseyou have no rightsto make Adaptations.Subjectto
Section8(f), all rightsnot expresslygrantedby Licensorareherebyresened.

4. Restrictions. Thelicensegrantedn Section3 above is expresslymadesubjecto andlimited by the
following restrictions:

a. YoumayDistribute or Publicly Performthe Work only underthetemsof this License.You mustinclude
a copy of, or the Uniform Resourcddentiber(URI) for, this Licensewith every copy of the Work You
Distribute or Publicly Perform. You may not offer or imposeary termson the Work that restrictthe
termsof this Licenseor the ability of the recipientof the Work to exercise the rights grantedto that
recipientunderthe termsof the License. You may not sublicensehe Work. You mustkeepintactall
noticesthatreferto this Licenseandto the disclaimerof warrantieswith every copy of the Work You
Distributeor Publicly Perform.WhenYou Distributeor Publicly Performthe Work, Youmaynotimpose
ary effective technologicameasuresn the Work thatrestrictthe ability of arecipientof the Work from
You to exercisethe rights grantedto that recipientunderthe termsof the License. This Section4(a)
appliesto the Work asincorporatedn a Collection, but this doesnot requirethe Collectionapartfrom
the Work itself to be madesubjectto the termsof this License.If You createa Collection,uponnotice
from ary LicensorYou must,to the extentpracticableremove from the Collectionary creditasrequired
by Section4(b), asrequested.

b. If YouDistribute,or Publicly PerformtheWork or Collections,Youmust,unlessarequeshasbeenmade
pursuanto Section4(a), keepintactall copyright noticesfor the Work and provide, reasonabléeo the
mediumor meansYou areutilizing: (i) the nameof the Original Author (or pseudogm, if applicable)f
supplied,and/orif the Original Author and/orLicensordesignatenothempartyor parties(e.g.,asponsor
institute, publishingentity, journal) for attribution ("Attribution Parties")in Licensorécopyright notice,
termsof serviceor by otherreasonablaneans,the nameof suchparty or parties;(ii) thetitle of the
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Work if supplied;(iii) to the extentreasonablypracticablethe URI, if ary, thatLicensorspecibego be
associateavith the Work, unlesssuchURI doesnotreferto the copyright noticeor licensinginformation
for the Work. The creditrequiredby this Section4(b) may be implementedn ary reasonablenanner;
provided, however, thatin the caseof a Collection, at a minimum suchcredit will appearif a credit
for all contrikuting authorsof the Collectionappearsthenas part of thesecreditsandin a mannerat
leastas prominentasthe creditsfor the other contrituting authors. For the avoidanceof doubt, You
mayonly usethecreditrequiredby this Sectionfor the purposeof attributionin themannersetoutabove
and,by exercisingYourrightsunderthis License,Youmaynotimplicitly or explicitly asserbrimply ary
connectiorwith, sponsorshipr endorsemertty the Original Author, Licensorand/orAttribution Parties,
asappropriatepf You or Your useof the Work, without the separategxpressprior written permissiorof
the Original Author, Licensorand/orAttribution Parties.

c. Exceptasotherwiseagreedn writing by theLicensoror asmaybeotherwisepermittedby applicabldaw,
if You ReproduceDistribute or Publicly Performthe Work eitherby itself or aspartof any Collections,
You must not distort, mutilate, modify or take otherderogtory actionin relationto the Work which
would be prejudicialto the Original Author@honoror reputation.

5. Representations, Warranties and Disclaimer

UNLESSOTHERWISE MUTUALLY AGREEDTO BY THE PARTIES IN WRITING, LICENSOROF-
FERSTHE WORK AS-ISAND MAKES NO REPRESENATIONS OR WARRANTIES OF ANY KIND
CONCERNINGTHE WORK, EXPRESS|MPLIED, STATUTORY OROTHERWISE,INCLUDING, WITH-
OUT LIMIT ATION, WARRANTIES OF TITLE, MERCHANTIBILITY, FITNESSFORA PARTICULAR
PURPOSENONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS,ACCU-
RACY, OR THE PRESENCEOF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE.
SOMEJURISDICTIONSDO NOT ALLOW THE EXCLUSION OF IMPLIED 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 FORANY SPE-
CIAL, INCIDENTAL, CONSEQJENTIAL, PUNITIVE OR EXEMPLARY DAMAGESARISING OUT
OF THIS LICENSE OR THE USE OF THE WORK, EVEN IF LICENSORHAS BEEN ADVISED OF
THE POSSIBILITY OF SUCHDAMAGES.

7. Termination

a. This Licenseandthe rights grantedhereundewill terminateautomaticallyuponary breachby You of
the termsof this License. Individuals or entitieswho have receved Collectionsfrom You underthis
License however, will not have their licensegerminatedorovided suchindividualsor entitiesrermain in
full compliancewith thoselicenses. Sectionsl, 2, 5, 6, 7, and 8 will survive ary terminationof this
License.

b. Subjectto the abose termsand conditions,the licensegrantedhereis perpetualfor the durationof the
applicablecopyright in the Work). Notwithstandingthe above, Licensorreseresthe right to release
the Work underdifferentlicensetermsor to stopdistributing the Work at ary time; provided, however
thatany suchelectionwill not sene to withdraw this License(or ary otherlicensethathasbeen,or is
requiredto be, grantedunderthe termsof this License),andthis Licensewill continuein full forceand
effectunlessterminatedasstatedabove.

8. Miscellaneous

a. Eachtime You Distributeor Publicly PerformtheWork or aCollection,theLicensoroffersto therecipient
alicenseto the Work on the sametermsandconditionsasthe licensegrantedo You underthis License.

b. If ary provision of this Licenseis invalid or unenforceableinderapplicablelaw, it shall not affect the
validity or enforceabilityof the remainderof thetermsof this License ,andwithout furtheractionby the
partiesto this agreementsuchprovision shall be reformedto the minimum extent necessaryo make
suchprovision valid andenforceable.

c. No termor provision of this Licenseshall be deened waived and no breachconsentedo unlesssuch
waiver or consenshallbein writing andsignedby the partyto be chagedwith suchwaiver or consent.
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d. ThisLicenseconstituteghe entireagreemenbetweerthe partieswith respecto the Work licensecdhere.
Thereareno understandingsagreementsr representationsith respecto the Work not specibedere.
Licensorshall not be boundby any additionalprovisionsthat may appearin any communicatiorfrom
You. This Licensemay not be modibedwithout the mutualwritten agreemenof the LicensorandYou.

e. Therights grantedunder andthe subgct matterreferencedin this Licensewere draftedutilizing the
terminologyof the BerneCorventionfor the Protectionof Literary and Artistic Works (asamendedn
Septembef8, 1979),the RomeConventionof 1961, the WIPO Copyright Treaty of 1996,the WIPO
Performancesind Phonogramdreaty of 1996 andthe UniversalCopyright Corvention (asrevisedon
July24,1971). Theseightsandsubjectmattertake effectin therelevantjurisdictionin whichtheLicense
termsaresoughto beenforcedaccordingo thecorrespondingrovisionsof theimplementatiorof those
treatyprovisionsin the applicablenationallaw. If the standardsuite of rights grantedunderapplicable
copyright law includesadditionalrightsnotgrantedunderthis License suchadditionalrightsaredeemed

to be includedin the License;this Licenseis not intendedto restrict the licenseof ary rights under
applicabldaw.
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