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Preface

Today, moreandmorebusinessapplicationsarebeingdesignedto runin distributed
computingenvironments.In theseenvironments,datareplicationis akey to effec-
tively distributing andsharinginformation.It is a fastandreliablewayto dissemi-
nateandconsolidateinformationto andfrom multiple locations.Furthermore,en-
terpriseinformationsystemsbecomeincreasinglyheterogeneous,with a growing
numberof diverseplatformsanddatabasesystems.Datareplicationsolutionsneed
to addresstheserequirementsfor heterogeneoussupport.This paperexaminesthe
majorcommercialreplicationdesigns.Basedon IBM’ s DataPropagatorsolution,
a new true heterogeneousarchitecturewill be proposed,including a prototypical
implementation.

How to read this paper

� Section 1 givesanintroductionto themainconceptsof heterogeneousrepli-
cation.

� Section 2 examinesaselectionof four commercialreplicationproducts.

� Section 3 explainsthearchitectureof onereplicationproduct,IBM’ s Data-
Joiner/ DataPropagator, in detail.

� Section 4 analysestheinherentproblemsof theDataJoiner/ DataPropagator
architecture.

� Section 5 establishesa list of requirementsfor anew architecture.

� Section 6 listsconsiderationsfor theimplementationof thenew architecture.

� Section 7 presentstheprototypeof thenew architecture.

� Section 8 comparesthecurrentwith thenew architectureandprototype.

� Section 9 closeswith asummaryandanoutlookto futurework.
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1 Introduction to Heterogeneous Data Replication

Replication is theprocessof maintaininga definedsetof datain morethanone
location. It involves copying designatedchangesfrom one location (source)to
another(target),andsynchronizingthedatain bothlocations.

Heterogeneity meanstheability to replicatebetweenunlike platforms.Thedif-
ferencesmight bein thehardware,operatingsystems,or DBMS. 1

Heterogeneoussupportenablesto consolidatedatafrom differentsources,to share
dataamongdisparatesystems,andto assistin theevolutionarymigrationfrom old
to new technologies.

The following sectiongivesanoverview of themajorcommercialreplicationde-
signsandconcepts.

1.1 Fragmentation and Partitioning

Fragmentsarelogicalportionsof a tablewhicharephysicallystoredin oneor sev-
eraldatabasesin thenetwork. Themappingbetweentablesandfragmentslogically
definesa fragmentationschema.Theallocationschemadefinesat which site(s)a
fragmentis located.A fragmentthatis redundantlystoredatmultiplesitesis called
replica.Therearetwo classesof fragmentation,or partitioning:

� Table Partitioning: Subsetsof a given tablearedefinedusingSQL predi-
catesthat refer to thecolumnsin the table. This canbedoneby projection
(vertically),selection(horizontally),or both(mixed).

� Database Partitioning: Thetablesin thedatabasearepartitionedonacom-
moncolumnusingforeignkey relationships.

1.2 Synchronicity

Datareplicatorscanbeclassifiedinto two broadclasses:SynchronousandAsyn-
chronous.

1.2.1 Synchronous Replication

With thesynchronousapproach,replicationis performedwithin thesourceupdate
transaction,usuallyusinga two-phase-commit.Thesourcetransactionis not con-
sideredcompleteuntil the updatehasbeensuccessfullyreplicatedto all targets.

1Differencesin schemas(schematransformations)arenot subjectof this paper.
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The main advantageof synchronousreplicationis that full synchronizationat all
timesis guaranteed.Furthermore,theuseof thetwo-phase-commitprotocolelim-
inatesthepossibilityof updatecollisions.If theperformanceimpacton thesource
transactionis not acceptable,synchronousreplicationshouldbe avoided. If, on
theotherhand,dataconsistency acrossall sitesis critical, synchronousreplication
shouldbeconsidered.

1.2.2 Asynchronous Replication

With anasynchronousreplicator, thesourceupdateis independentof the replica-
tion process.Theuser’s transactionis completewhenthelocalupdateis complete.
Usually, updateswill be replicatedonly after the user’s transactioncommitsthe
changesto thesourcedatabase.2 Replicationmayoccurmomentsafterthesource
transactioncompletes,or it maybescheduledfor laterexecution.
Thebenefitof asynchronousreplicationis thatit minimizestheimpactontheuser’s
transactionandincreasestherobustnessof thereplicationprocess.In aneventof a
network failure,thereplicatorholdsall updatesin apersistentqueue.
Asynchronousreplicationshouldbe usedwhenabsolutedataconsistency across
all sitesis not critical.

1.3 Multi-Directional Replication

Multi-directionalreplicationallowsupdatesto databasesatmultiplesites.This im-
pliestheneedfor updateconflict detectionundresolution.Updateconflictsoccur
whenapplicationscommit competing,potentiallyincompatibleupdatesto two or
morereplica,andtheexistenceof thesecompetingupdatescannotbedetecteduntil
propagationof theseupdatesto otherreplicasoccurs.Therearetwo generalclasses
of updateconflicts:

� Intra-table updateconflictsthataredetectablewithin thescopeof a single
table.

� Inter-table updateconflicts that are not detectablewithin the scopeof a
singletable,e.g.becauseforeignkey relationshipsareviolated.

Strategiesfor conflict resolutionarefor example:

� Earliest/latest timestamp: theupdatewith theearliest/latesttimestampwins
theconflict.

� Designated reference table: updateson the designatedreferencetableal-
wayswin theconflict.

2Somearchitecturesallow to replicateuncommitteddata,e.g.DB2 DataPropagatorwhenbound
UR (UncommittedRead).
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1.4 Serializablity and Transactional Integrity

Theexecutionof transactionsonreplicasis calledcorrect,if theeffectof thetrans-
actionsis the sameason a non-replicateddatabase.This importantpropertyis
called1-copy-serializability [8].
A replicatorthatmaintainstheorderof updateswithin a transaction,andtransmits
all sourcetransactionupdatesasa singleunit of work is saidto provide “transac-
tional integrity” or “transactionalconsistency”. Transactionalconsistency is essen-
tial to assurereferentialintegrity.
Remark: Transactionalintegrity only guaranteesthe consistency and atomicity
propertiesof anACID transaction.Isolationanddurability cannot beguaranteed
in asynchronousupdate-anywherereplicationenvironments.

1.5 Changed Data Capture Strategies

Any replicationarchitecturewill needto beableto capturechangeddatainsteadof
replicatingtheentiresetof data.Thisenablesthereplicatorto performdifferential
refresh,opposedto full refresh.Thereareseveralapproachesto capturechanged
data,but all majorcommercialreplicationproductsuseeitherlog basedor trigger
basedchangeddatacapture.

1.5.1 Log Based Capture

A log basedreplicatorscansthe logs maintainedby the DBMS. It finds changes
to datathat is registeredfor replication.Thesechangesarecapturedin someform
andsentto thetargets.Log basedcaptureoperatesasynchronously, which implies
a latency until thereplicatorbecomesawareof theupdate.Althoughall “industrial
strength”DBMSs maintainlogs, log basedcaptureis not alwaysfeasible. Some
vendorsdo not publish their log structure. In a heterogeneousenvironment,the
replicatorwouldneeda log readerfor eachsourceDBMS.

1.5.2 Trigger Based Capture

A triggerbasedreplicatorexecutescodeinvokedby databasetriggers.Thesetrig-
gersfire in theeventof changesto datathatis registeredfor replication.In theory, a
trigger-basedreplicatorcouldbesynchronous,with thetriggerupdatingtheremote
targetdatabases.This approach,however, eliminatesthebenefitsof asynchronous
replication. Thereforereplicationtriggerstypically storechangeddatainto some
form of queue.Most DBMSsprovide triggers,andalthoughthe trigger function-
alities may vary, generallythe sametrigger designcanbe implementedfor most
DBMSs.
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2 Existing Products for Heterogeneous Replication

A numberof differentvendorsoffersolutionsfor heterogeneousreplication.Among
themarealmostall vendorsof thewell establishedDBMS.Besidesthose,thereare
otherthird-partyprovidersof replicationsolutions.Thefollowing sectioninvesti-
gatesa selectionof commercialreplicationsolutions,with focuson their architec-
tureandheterogeneoussupport.

2.1 IBM DB2 DataPropagator / DataJoiner

In conjunctionwith DataJoiner, DataPropagatorformsa flexible solutionfor het-
erogeneousreplicationacrossplatformsandDBMSs.

2.1.1 DataPropagator

DataPropagatoris thecentralproductof IBM’ sreplicationsolution.TheDataProp-
agatorarchitectureis basedonthreemaincomponents:anadministrationinterface,
change-capturemechanisms,andtheApply program.Thesethreecomponentsare
independentof eachother, they communicatethroughtheuseof replicationcontrol
tables.

� Administration Interface: TheDataJoinerReplicationAdministrationtool
(DJRA) is usedto definethereplicationsetup:Enablea databasefor repli-
cation,registertablesassources,definesubscriptions.

� Change Capture Mechanisms: In thecaseof DB2 asa replicationsource,
theCaptureprogramcaptureschangeddataby readingtheDB2 transaction
log. In thecaseof anon-IBM replicationsource,capturetriggersemulatethe
Capturefunctions.Thecapturedchangeddatais storedin dedicatedchanged
datatables.

� Apply: TheApply programreadsthe changeddatafrom thechangeddata
tablesandappliesthemto thereplicationtargets.

DataPropagatorallows bi-directionalreplication(“UpdateAnywhere”), but only
for DB2 to DB2 replication.

2.1.2 DataJoiner

DataJoineris IBM’ sstrategic gatewayto enabletransparentaccessto relationaland
non-relational,IBM andnon-IBM databases.Heterogeneousdatasourcescanbe
accessedasif they wereDB2 databases.
DataJoineris not only usedin heterogeneousreplicationsystems.It canalsobe
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usedfor heterogeneousdistributeddataaccess.DataJoinerenablesusersandappli-
cationsto performdistributedSQL queriesover tablesthatarelocatedin separate,
multi-vendordatabases.

TheDataJoinerandDataPropagatorarchitecturewill beexplainedin detailin chap-
ter 3.
For furtherreadingon DataPropagator, [11] and[10] berecommended.

2.2 Sybase DataMovement

SybaseDataMovementis acompletesuiteof productsthatprovidesbi-directional,
heterogeneousreplication.Thetwo centralcomponentsaretheReplicationServer
andReplicationAgents.
TheReplicationAgentsareusedto capturechangesatheterogeneousdatasources.
Currently, thereare a log basedReplicationagentfor DB2 and a trigger based
ReplicationAgent for Informix and Oracleavailable. The ReplicationAgents
passesthecapturedchangeson to ReplicationServer which thendistributesthose
changes.The changeddatais extractedanddistributed asentire transactionsto
maintainthe transactionalintegrity of all replicateddata. Thereplicationprocess
with ReplicationServer is asynchronousandtransparentto applications.
As areplicationtargetSybaseadditionallysupportsany ODBCandDRDA targets.

An examplereplicationscenariomight look like this:

Figure1: Replicationscenariowith SybaseDataMovement

Furtherinformationon SybaseReplicationServer canbefoundin [5]
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2.3 MS-SQL Server 7 Replication

TheMS-SQLServer7 replicationmodelconsistsof Publishers(replicationsource
servers),Subscribers(replicationtargetservers)andDistributors,articles(anentire
table or part of a table registeredfor replication)and publications(groupingof
articles).SQLserver replicationallows threetypesof replication:

� Snapshot replication: takesasnapshotof thepublisheddatain thedatabase
at onepoint in time. Insteadof monitoringandcopying datachanges,Sub-
scribersareupdatedby a total refreshof thedataset.

� Transactional replication: monitorschangesto the publishingserver at
the transactionlevel. Only committedtransactionsaresentto subscribing
servers,retainingtheirorderandthusguaranteeingtransactionalconsistency.
With transactionalreplication,changesareonly allowed at the publishing
site(nobi-directionalreplication).

� Merge replication: allows multi-directional replication. Publishersand
Subscriberscan connectperiodically to merge their results. Conflicts are
resolved automaticallyby pre-assignedpriorities. Merge replicationuses
triggerson thepublishedtables(articles)to capturechangeddata.

Thereplicationprocessis managedby four differentreplicationagents,which all
run underthecontrolof theMS-SQLServer agentandcanbeadministeredfrom
usingSQLServerEnterpriseManager, asshown in figure2. Thereplicationagents
are:

� Snapshot Agent: preparestheschemaandinitial datafiles of publishedta-
bles,storesthe snapshoton the Distributor, andrecordsinformationabout
thesynchronizationstatusin thedistribution database.Eachpublicationhas
its own SnapshotAgentthatrunsontheDistributorandconnectsto thePub-
lisher.

� Log Reader Agent: moves transactionsmarked for replication from the
transactionlog of thePublisherto thedistribution database.Eachdatabase
publishedusingtransactionalreplicationhasits own Log ReaderAgentthat
runson theDistributor andconnectsto thePublisher.

� Distribution Agent: movesthetransactionsandsnapshotsheld in distribu-
tion databasetablesto Subscribers.Dependingon thetypeof subscription,
theDistributionAgentrunseitherontheDistributorandconnectsto theSub-
scriber, or it runson theSubscriber(Pull Subscription).

� Merge Agent: movesandreconcilesincrementaldatachangesthatoccurred
aftertheinitial snapshot(for MergeReplicationonly).
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Heterogeneousinteroperabilityis oneof theweaknessesof MS-SQLServer. Out
of the box, it only supportsreplicationto heterogeneousDBMSs througheither
the ODBC interfaceor OLE DB. Replicationfrom heterogeneousDBMSs is ad-
dressedin the way that the replicationprogramminginterfacesareexposedand
documented,allowing softwaredevelopersto createtheir own replicationagents
andintegratethemwith SQL Server.

Figure2: HeterogeneousReplicationwith MS SQLServer 7

SQL Server Replicationwasdesignedto beeasyto setupandmanage.It provides
aReplicationWizardandaReplicationMonitor.

2.4 Amdahl InfoReplicator

AmdahlInfoReplicatoris a replicationsolutionespeciallyfor heterogeneousenvi-
ronments.It providesasynchronouschangedatareplicationwith full dataintegrity
andtransactionconsistency, aswell asbi-directionalcapabilities.
InfoReplicatorconsistsof thefollowing components:

� ChangeCapturecomponent:specificto eachsourceDBMS, placedataup-
datesinto persistentqueues
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� Dispatchercomponent:readiesthechangesby transactionandtarget

� Distributor component:operatesacrossthe network via client/server mid-
dleware,performsdatatypeconversions,appliesdatato targets

SupportedDBMSsare:Oracle,Sybase,Informix, DB2, MS-SQLServer
SupportedOSare:Windows NT, UNIX, MVS

2.5 Comparison

All the examinedreplicationproductshave a similar asynchronousarchitecture:
Thereis a componentthat captureschangeddataat the source,anda component
thatappliesthechangeddatato thetarget.All of themclaimto retaintransactional
consistency.
All architecturesrequirea specificcapturecomponentfor eachsupportedsource
DBMSs,which usuallyhasto bepurchasedseparately. Only IBM’ s DataPropaga-
tor supportsall its datasources“out of thebox” (i.e., thesupportis includedwith
the product). All solutionsarelimited to a fixed numberof supportedplatforms
andDBMSs.Noneof themis easilyextensible.
IBMs combinationof DataJoinerandDataPropagatoris by far themostcomplex
solution,it supportsa greatvarietyof DBMSs on almostall major platformsand
offersmany differentoptionsin thereplicationsetup.
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3 The Current DB2 DataPropagator Architecture in De-
tail

3.1 DB2 Data Replication Concepts

3.1.1 Replication Sources

A replicationsourceis a usertableor a view from which datawill becopied.Be-
fore datacanbe replicated,a replicationsourcemustbedefined. It describesthe
informationthatthechange-capturemechanismwill use.Whenregisteringarepli-
cationsource,thefollowing parametersneedto bespecified:subsetof columnsto
replicate,before/afteror beforeimage,differentialor full refresh,level of conflict
detectionfor updateanywhere.

3.1.2 Subscriptions

Beforedatacanbereplicatedfrom thereplicationsource,it mustbeassociatedwith
the target to which the changesareto be replicated.This information is defined
usingsubscriptionsetsandsubscriptionmembers,andstoredin variousreplication
controltables.

3.1.3 Logical Servers

All the replicationcomponentsresideon a logical server. In this sense,the term
server actuallyrefersto adatabase.Therearethreetypesof logical servers:

� Source server: containsthechange-capturemechanism,thereplicationsource
tablesandcontroltablesusedby theChange-capturecomponentandtheAp-
ply program.

� Target server: containsthetargettables.

� Control server: containscontroltablesusedby theApply program.

3.2 DB2 Data Replication Components

3.2.1 Control Tables

Thereplicationcomponentsusecontroltablesto communicatewith eachotherand
to managereplicationtasks.Themostimportantonesare

at thesourceserver:

15



� Register Table: containsinformationaboutreplicationsources,suchasthe
namesof the replicationsourcetables,their attributes, their stagingtable
names,andsynchronizationinformation.

� RegisterSynch Table: a triggeron this tableupdatestheregistertable,indi-
catinghow muchchangeddatahasbeencaptured.

� PruneControl Table: coordinatesthe pruning of the changeddatatables.
For eachsubscriptionmemberthereis an entry in this table indicating its
synchronizationstatus. Data that hasbeenpropagatedto all subscription
members,canbeprunedfrom thechangeddatatable.

� ChangedData Tables:recordsall changesmadeto a replicationsource.

at thecontrolserver:

� SubscriptionSetTable: listsall of thesubscriptionsetswith their replication
statusdefinedat thecontrolserver andidentifiesthesourceandtargetserver
pairsthatareprocessedasagroup.

� SubscriptionMemberTable: containsinformationabouttheindividualsource
andtargettablepairsdefinedfor asubscriptionset.

� SubscriptionColumnsTable: containsinformationaboutthecolumnsof the
subscriptionsetmembers.

� SubscriptionStatementsTable: containsuser-definedSQL statementsor
storedprocedurecalls that will be executedbeforeor after a subscription
setprocessingcycle.

� SubscriptionEventsTable: containsinformationabouttheeventsthattrigger
asubscriptionsetprocessingcycle.

� ApplyTrail Table: containsaudittrail informationfor theApply program.

3.2.2 Change Capture Mechanisms

TheDB2 datareplicationsolutionoffersthesemechanismsfor capturingchanged
data:

� Capture Program for DB2 sourcetables:readstheDB2 transactionlog and
recordsthechangeddatain CD (changeddata)andtheUOW (Unit of Work
table).

� Capture Triggers for non-IBM datasources:capturecommittedchanges
to CCD (consistentchangedata)tables. They arefired when a particular
databaseevent(INSERT, UPDATE, DELETE) occurs.TheCapturetriggers
aregeneratedby theDataJoinerReplicationAdministrationtool (DJRA).

16



3.2.3 Apply

TheApply programreadsdatafrom thesourceandchangeddatatablesandprop-
agatesit to the replicationtargets. EachApply programis associatedwith one
controlserver, whichcontainsthecontroltablesthatcontainthedefinitionsfor the
subscriptionsets.

3.2.4 DJRA

DJRA- theDataJoinerReplicationAdministrationTool is theadministrative inter-
faceto definethereplicationsetup.It canbeusedto createthereplicationcontrol
tables,register replicationsources,definesubscriptions,and for several further
adinistrationtasks. DJRA producesSQL-DDL statementsthat canbe manually
editedandexecuted.Thesestatementsalsoincludethe definition of the Capture
triggersfor non-IBM datasources.

3.3 The Replication Process

Thereplicationprocessis aparallelprocessof capturingchangeddataandapplying
it to the target. Thechangeddatacapturein theheterogeneouscasewith capture
triggersis fairly simple,whereasmostof thework is doneby theApply program.
Its work consistsof fivedistributedstepsat thecontrol,sourceandtargetserver:

3.3.1 Apply Cycle Overview

1. Control Server:Look for work - checkthesubscriptioncontroltables

2. SourceServer:Pickup recentchangeddatato beapplied

3. Target Server:Apply theforeignchangeddatato thetargettable

4. Control Server:Updatesubscriptionstatus

5. SourceServer:Reportsubscriptionstatusin thepruningcontroltable

The following figure givesan overview of the entire replicationprocesswith its
involvedcomponentsaswell asthedataandcontrolflow.
Thenumerationin thefigurecorrespondsto theserversasfollows: sourceserver:
1-9,controlserver: 10-15,targetserver: 16.
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Figure3: Dataflow in a heterogeneousreplicationscenariowith DataPropagator

3.3.2 Trigger-based Communication

DJRA, working through DataJoiner, createsCaptureTriggers (2) on non-IBM
sourcetableswhenthey aredefinedasreplicationsources.Threetypesof triggers
arecreatedonthesourcetables:DELETE,UPDATE andINSERT. Also, UPDATE
triggersarecreatedon thepruningcontrol table(7) andthe registersynchroniza-
tion table(9). TheApply programusesthesecontroltablesto detectwhatneedsto
becopiedto thetargetdatabase.Thefollowing processdescribeshow theCapture
triggersandApply communicatein a typical replicationscenarioto ensuredata
integrity:

1. Whenever a DELETE, UPDATE, or INSERT operation(1) occursat the
sourcetable(5) that is definedasa replicationsource,a Capturetrigger(2)
recordsthechangein theconsistent-change-data(CCD) table(6).

2. WhentheApply program(10) is started,it updatestheregistersynchroniza-
tion table(9). TheUpdatetriggeron this table(4) updatestheregistertable
(8) to recordhow muchcommittedchangeddatahasbeencaptured.

3. TheApply programgetsthesourcetableinformationfrom theregistertable
(8).

4. BeforetheApply programcancopy differentialchangesto thetarget,it syn-
chronizesthetargetwith thereplicationsourceby copying all thedatafrom
the replicationsource(5) to the target (16). This actionis calleda full re-
fresh.

5. TheApply programupdatesthepruningcontroltable(7) to synchronizethe
captureof therelatedchangesin theCCDtable.
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6. The Apply programreadsthe CCD table(3) usingDataJoinernicknames,
andappliesthechangesto thetargettable(16).

7. The Apply programupdatesthepruningcontrol (7) tablewith a valuethat
indicatesthepoint to which it copiedchangesto thetargetdatabase.

8. TheUPDATE triggeron thepruningcontroltable(3) checksall of theCCD
tables(6) that areat the sourceserver and deletesthoseentriesthat were
replicated.

4 Problems with the Current DataJoiner/ DataPropaga-
tor Architecture

4.1 Limited Heterogeneity

Thecurrentarchitecturemakesuseof DataJoinerasaninterfaceto accessnon-IBM
replicationsourcesandtargets.DataJoinerusesa wrapperarchitecturethatallows
to accessthosenon-IBM databasesas if they were DB2 (Version2) databases.
DataJoinerhasrich capabilitiesfor distributeddataaccess,includingoptimization
for queriesacrossheterogeneousdatabases.On theotherhand,theApply program
usesnoneof thosecapabilities.In fact,thecurrentarchitecturerequiresa separate
databasefor eachheterogeneoustargetdatabase.DependingonDataJoinerimplies
limited heterogeneityin termsof bothsupportedplatformsandDBMSs: Although
DataPropagatoris availablefor anumberof differentplatformsandDBMSs,there
aresomethatarenot addressed.Theamountof resourcesnecessaryto supporta
new platformor DBMS is tremendous.
In today’s world of heterogeneoussystemsit is desirableto developplatformand
operatingsystemindependentsolutions.

4.2 Data Type Mappings

With thecurrentDataJoiner/DataPropagatorarchitecture,all replicationsourceand
targetdatabasesaretreatedasif they wereDB2 Version2 databases.
EventhoughDB2prettymuchcomplieswith theSQLstandards,mostotherDBMSs
do not. They mayonly supporta subsetof theSQL datatypes,or they mayhave
differentsemantics.Moreover, all datatypesintroducedafterDB2 V2 arenotsup-
portedby DataJoiner, e.g.mostof thenew SQL99datatypeslikeLOBs,Bigint, or
distincttypes.
Thedatatypemappingsfor all supportedDBMSsarehardcodedinto DJRA. That
impliesconsiderablecodechangesfor thesupportof a new DBMS. Evenif a new
versionof a DBMS supportsnew datatypes,theDJRA codeneedsto bechanged.
To assurebackwardscompatibilitytheDJRAcodeneedsto beversiondependent.
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4.3 Changed Data Capture, Trigger Architectures

The currentarchitecturerelieson triggersasa changeddatacapturemechanism.
Althoughalmostall majorDBMSssupporttriggers,their functionalitydifferssig-
nificantly. Someimportantdifferencesare:

� TriggerGranularity: SomeDBMS supportrow level, somestatementlevel
triggers,otherssupportboth. The triggershave to be designedfor each
supportseperately. Statementlevel triggersarea problemin the way that
changeddatahasto becapturedrow by row.

� Supportof variables:SomeDBMS do not supporttheuseof variablesin a
triggerbody(e.g.Teradata)or haveotherrestrictionsof equalconsequences.
This makesthetriggerdesignchallengingor potentiallyimpossible.

� TriggerDefinitionSyntax:Thereis no commonsyntaxfor triggerdefinition
amongtheDBMSs.

As a resultof the differences,eachsupportedDBMS hasits own specifictrigger
design,someof themevenmakeuseof proprietaryDBMS featureslikeprocedures
or sequencegenerators(Oracle).Again,thetriggerdefinitionsarehardcodedin the
DJRAbackend.Thesupportof anadditionalreplicationsourcerequiressignificant
codechanges.

5 Requirements for an Improved Heterogeneous Replica-
tion Architecture

Basedon the problemsinherentin the currentheterogeneousreplicationsolution
thatwerecharacterizedin theprevioussection,this sectionwill determinethere-
quirementsfor anew heterogeneousreplicationarchitectureandimplementation.

5.1 True Heterogeneity

Thenew replicationarchitectureshouldprovidemaximumheterogeneoussupport,
with respectto platformsaswell asDBMSs. Ideally, theprogramshouldnot even
beawareof theplatformit runsonor whichDBMS it talksto.

5.2 Dynamic Data Type Mappings

WhenreplicatingdataacrossdifferentDBMSs, thedatatype mappingsfrom the
sourcetableto the target tableshouldbe doneby usingmetadatainformationof
the target databaseaboutthe supporteddatatypes. If a specificdatatype is not
supportedby thetargetDBMSs,thedatatypeshouldbemappedto theclosestdata
typethatis supported,if possiblewithout restrictingprecision.
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5.3 Extensibility

Thereplicationsolutionshouldbeeasilyextensiblein termsof supportedDBMSs.
Noneof thecomponentsthatneedto beDBMS dependent(e.g.changeddatacap-
turemechanisms)shouldbehardcoded.If supportfor anadditionalDBMS is to be
added,this shouldbefeasibleby simply registeringit in somewaywithoutchang-
ing any code.

In addition to theserequirementsthat directly result from the problemslisted in
theprevious section,two additionalrequirementsareessentialfor theacceptance
of anew architecture:

5.4 Performance

The new architectureshouldreacha similar or betterperformanceasthe current
oneusingDataJoiner. Performancein this sensemainly refersto the replication
latency anddatathroughputof the Apply program. Especiallythe performance
for pull configurations(Apply programis runningon the target server) will beof
importance:Truepull configurationsarenot possiblewith a DataJoinerarchitec-
ture,becausetheApply programalwaysconnectsto theDataJoinerdatabase.This
limitation hasbeencriticizedby somecustomers;it would bea greatadvantageif
thenew architecturewould performbetterin thisspecificscenario.

5.5 Interoperability and Compatibility

Every part of the new replicationarchitectureshouldwork interchangeablywith
existing partsof thecurrentproduct.For example,a replicationscenariothatwas
setupwith theold DJRA,runningwith DPropRCaptureshouldwork with thenew
Apply componentof thenew architecture.
Especiallythe format of the replicationcontrol tablesand changeddata tables
shouldbe untouched.If theproductshouldever beusedcommercially, it should
supportestablishingtheIBM replicationcontroltablesasastandardfor datarepli-
cation.

6 Implementation Considerations for a New Architecture

6.1 Heterogeneneity with Java and JDBC

Java is the first choicefor developingplatform independentsoftware. Java pro-
grams,writtenonce,canruneverywhereonvirtually any platformontopof aJava
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Virtual Machine. In combinationwith JDBC asthe interfaceto accessheteroge-
neousdatabases,a Java basedimplementationis theperfectsolutionfor heteroge-
neousreplicationin termsof platformsandsupportedDBMSs.Also,Javaprovides
severalbuilt in functionalitiesthat couldbe usefulfor datareplication,for exam-
ple its Threadcapability, which would allow quasi-parallelreplicationto multiple
targets,or processingmultiple subscriptionsetsat thesametime.

6.1.1 The JDBC Interface

The JDBC API is a setof abstractJava interfacesthat allow an applicationpro-
grammerto openconnectionsto particulardatabases,executeSQLstatements,and
processtheresults.
Themostimportantinterfacesare:

� java.sql.DriverManager:for loading drivers, creationof databaseconnec-
tions

� java.sql.Connection:representationof adatabaseconnection

� java.sql.Statement:containerfor executionof SQLstatements

� java.sql.ResultSet:allows accessto theresultof aquery

6.1.2 javax.sql

javax.sqlis anextensionto thestandardJDBCAPI thataddressestwo aspectsthat
areimportantfor thereplicationarchitecture:Heterogeneityandperformance.

� JNDI for naming databases: The Java Naming and Directory Interface
(JNDI) canbeusedin additionto theJDBCdriver managerto managedata
sourcesandconnections.WhenanapplicationusesJNDI, it specifiesa log-
ical namethat identifiesa particulardatabaseinstanceandJDBCdriver for
accessingthat database.This hasthe advantageof makingthe application
codeindependentof aparticularJDBCdriver andJDBCURL.

� Connection Pooling: TheJDBC2.0StandardExtensionAPI specifieshooks
thatallow connectionpoolingto beimplementedon top of theJDBCdriver
layer. This allows for a single connectioncachethat spansthe different
JDBC drivers that may be in use. Sincecreatinganddestroying database
connectionsisexpensive,connectionpoolingis importantfor achieving good
performance,especiallyfor server applications.

� Distributed transaction support: Supportfor distributed transactionsal-
lowsaJDBCdriver to supportthestandard2-phasecommitprotocolusedby
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theJavaTransactionAPI (JTA). JDBCdriversupportfor distributedtransac-
tionsallows developersto write programsthataretransactionalacrossmul-
tiple DBMS servers.
Theoreticallythiscouldbeabasisfor asynchronousreplicationarchitecture,
but not in thescopeof thisprototype.

� Rowsets: As its nameimplies,arowsetencapsulatesasetof rows. A rowset
mayor maynotmaintainanopendatabaseconnection.Whenarowsetis dis-
connectedfrom its datasource,updatesperformedon the rowsetareprop-
agatedto the underlyingdatabaseusingan optimistic concurrency control
algorithm.
For thereplicationarchitectureRowsetscouldbeusedto sendentiresetsof
changeddatarowsacrossthenetwork, insteadof retrieving datarow by row.

6.2 JDBC Data Type Mappings

JDBCdefinesa setof genericSQL typeidentifiersin java.sql.Types,which corre-
spondto SQL standarddatatypes. Programmingin JDBC, thereis generallyno
needto concernabouttheexactSQL typenameusedby the targetdatabase.The
onemajorplacewhereoneneedsto useSQL typenamesis in theCREATE TA-
BLE statement.For thiscase,therearetwo choices:Onechoiceis therestrictionto
theuseof widely acceptedSQLtypenames(like Integer, Numeric,...),but thiscon-
tradictsthe ideaof a genericreplicationarchitecture.Theotherchoiceis making
useof theDBMS’sMetadatato specifythecorrectdatatypename.Thefollowing
figuredemonstrateshow this canbedonefor a mappingfrom anarbitrarysource
tableto anarbitrarytargettable.

Target

datatypes

table withJDBC

datatypes
proprietary

Source table
table with
proprietary

(Typeinfo)
DB Metadata

Metadata
Resultset−

datatypes

Figure4: Java datatypemappingsusingMetadatainformation

TheResultSetMetadataof aqueryagainstthesourcetable(e.g.SELECT* FROM
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source)canbeusedto maptheproprietarydatatypesof thesourcedatabaseto the
genericJDBCdatatypes. TheMetadataof a Resultsetcanbeobtainedusingthe
methodResultSet.getMetaData().
Using the TypeInfo information of DatabaseMetadataof the target database,it
is possibleto mapthe JDBC typesto actuallysupporteddatatypesof the target
database.Thesetypenamescanbeusedin theCREATE TABLE statementfor the
definitionof thetarget table.
Unfortunately, the informationprovided by the databasemetadatais not always
corrector sufficient. In somecases,the metadatainformationsays,the database
doesnot supporta specificdatatypeeven if it does.In othercasesit is desirable
to mapto asimilardatatypeif aspecificdatatypeis notsupported.Thefollowing
figureshows examplesfor reasonablealternative mappings.
Remark:If thesealternatve mappingsgetmorecomplicatedonehasto ensureto
avoid cycles.

DATE TIME

TIMESTAMP

FLOAT DOUBLE

REAL

BINARY VARBINARY CHAR

Figure5: Alternative TypeMappingsfor JDBC

JDBC 2.0 introducessupportfor SQL3 datatypes,suchas UserDefinedTypes
(DistinctTypes,StructuredTypes,ReferenceTypes)andLOBs(CLOBsandBLOBs).
Thereare also new interfacesthat allow a custumizedmappingof UDTs. The
DatabaseMetaDataand ResultSetMetaDatahasbeenextendedfor getting Meta-
Dataaboutthenew types.
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6.3 An Extensible Approach for Changed Data Capture

Thereareseveral feasibleapproachesto capturechangeddatafor heterogeneous
replication. The focus will be on an extensibleapproachfor trigger definitions
usingXSL-T technology. Alternative waysfor changeddatacapturewill alsobe
explained.

6.3.1 Trigger Based

Thetriggerdefinitionsneedto bespecificfor eachDBMS for thereasonsexplained
in 4.3. To assuremaximumheterogeneityandextensibilty, it is usefulto separate
thespecifictriggerdefinitioncomponentfrom theactualreplicationtools.Thiscan
bedoneusingXSL technologyasshown in Figure6. Theadministrationtool gen-

Trigger
Definition

SpecificAbstract
Trigger

Definition

(XML) (SQL−DDL)DBMS specific
XSL Stylesheet

XSL−T
Processor

Figure6: TriggerdefinitionsusingXSL technology

eratesan abstractdefinition of what the changecapturetriggersshouldlook like
andstoresit into anXML file.
An XSL-T processortransformsthis abstractdefinition into specificSQL-DDL
statementsusing an XSL stylesheet. The SQL-DDL output statementswill be
parsedagainand executedagainstthe sourcedatabase.Which XSL stylesheet
shouldbe usedcanbedeterminedusingtheConnectionMetadata.Supportfor a
new replicationsourceDBMS is assimpleasproviding anew stylesheet.
Thesametechniquecanbeusedin all otherplaceswhereDBMS dependentstate-
mentshave to beexecuted,e.g.in thedefinitionof thereplicationcontroltables.
An exampleof an abstracttrigger definition, an XSL-T stylesheetandthe trans-
formedtriggerdefinitionin SQLcanbefoundin AppendixA.
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Alternative waysto performchangeddatacapture,e.g. in thecasethat thetrigger
basedapproachis notapplicable,are:

6.3.2 Log Read

For the DBMSs that have publishedtheir log format, it is possibleto write Cap-
turecomponentsthat readthelog maintainedby theDBMSs. Onesuchprogram,
DPropR’s Captureis alreadyavailable. For SybaseandMS-SQLServer thereex-
istsaprogramthatreadsthelogsof theseDBMSs.

6.3.3 Updating Application Captures Changed Data

It is also possibleto let the application,which updatesregisteredsourcetables,
recordthechangeddatadirectly into thechangeddatatables.Of coursethis con-
tricts the ideaof applicationindependence,or transparence.It shouldtherefore
only beusedif thereis no alternative (e.g.,no triggersupport).

6.3.4 No Capture of Changed Data

Sometimesit may not even be necessaryto capturechangeddata,for exampleif
thedatais highly fluctuating,or theamoutof replicateddatais verysmall. In these
casesreplicationcouldbedoneby a regularfull refesh.

6.4 Performance Aspects

An implication of the currentchangeddatareplicationapproachis that data is
propagatedrow by row. This basicallymeans:Reada row from thesource(more
precisely: fetch from a ResultSet),perform an updateat the target, reada row,
performan update,etc. Especiallywith thehigh communicationoverheadof the
JDBCinterfacethiscanbevery costly.
An obviousimprovementwouldbeto fetchmultiplerowsof changeddataatatime
(Block Fetch)andalsoperformmultiple updatesat a time (BatchUpdates).Batch
Updatesarea standardfeatureof theJDBC2.0 interface.All majorJDBCdrivers
have implementedBatchUpdatesupport.Unfortunately, block fetchis not a stan-
dardfeatureof theJDBC interface. 3 This limits theperformanceimprovements
of theBatchUpdates.
Performancecanalsobe improved by choosingthe right JDBCdriver. Thereare
four categoriesof drivers:

1. JDBC-ODBCbridgeplusODBC driver: TheJava Softwarebridgeproduct
providesJDBCaccessvia ODBC drivers.

3SomeJDBCdriversdosupportblock fetchesasanadditionalfeature.
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2. Native-API partly-Java driver: This kind of driver convertsJDBCcalls into
calls on the client API for Oracle,Sybase,Informix, IBM DB2, or other
DBMSs. Like thebridgedriver, this styleof driver requiresthatsomeoper-
atingsystem-specificbinarycodebeloadedon eachclient machine.

3. JDBC-NetpureJavadriver: Thisdriver translatesJDBCcallsinto aDBMS-
independentnetprotocol,which is thentranslatedto a DBMS protocolby a
server. This netserver middlewareis ableto connectits pureJava clientsto
many differentdatabases.Thespecificprotocoluseddependsonthevendor.

4. Native-protocolpureJava driver: This kind of driver convertsJDBC calls
directly into thenetwork protocolusedby DBMSs.This allows adirectcall
from theclient machineto theDBMS server.

Category 1 and 2 drivers requirea local databaseclient on the client machine.
Categories3 and4 offer all theadvantagesof Java technology, includingautomatic
installation,andshouldthereforebeusedfor a trueheterogeneoussolution.Onthe
otherhand,Category 2 driversaretypically muchmoreperformant.For example,
when the changeddatais fetched,the ResultSetis held within the local client,
whichsignificantlyreducesthecommunicationoverhead.
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7 Overview of the Prototype

The proposedarchitecturehasbeenprototypically implemented. Similar to the
currentDataJoiner/DataPropagatorarchitecture,it consistsof agraphicaladminis-
trationinterfaceandanApply program.Both programsusetheJDBCinterfaceto
accesstheheterogeneousdatabases.For easeof use,theconnectionconfigurations
arestoredin anXML file servers.xml,which,again,is usedby theadministration
tool andtheApply program.Theformatof thechangeddatatablesandcontrolta-
blesis thesameasin theDataPropagatorsolution,to guaranteecompatibilityand
interoperability(Section5.5).

7.1 Replication Administration Tool

The ReplicationAdministrationTool (RAT) actsas graphicalinterface to both
setupaswell asrepresenttheentirereplicationscenarioin a hierarchyof Servers,
ReplicationSources,SubscriptionSetsandSubscriptionMembers(Figure8 shows
a screenshot).All DBMSsspecificcomponents(like theCapturetriggers,specific
controltables)arestoredin XML stylesheets.
Moreover, theApply processcanbestartedfrom theadministrationtool.
Figure7 shows anoverview of theimplementedRAT architecture.
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Data Type
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Figure7: ReplicationAdministrationTool
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Figure8: ScreenshotReplicationAdministrationTool

7.2 Java Apply

TheJava Apply programis very similar to theDataPropagatorApply. It is entirely
platform independentandcanbe run on any Java Virtual Machine. Theprogram
canbestartedeitherfrom thecommandline or from theadministrationtool, with
theApply QualifierandtheControlServer asa parameter. TheApply makesuse
of Java’s threadfunctionality: Multiple subscriptionsetscanberun in parallelas
threads.
ThecurrentprototypeonlysupportsdifferentialrefreshfromCCD(consistentchanged
data)tablesandsupportsonly usercopiesasa target(seefuturework).
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Figure9: TheJava Apply Program
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8 Comparison of the Existing DataJoiner/ DataPropaga-
tor and the Proposed Architecture

8.1 Heterogeneity

TheDataJoiner/DataPropagatorsolutionsupportsafixedsetof DBMSs,which in-
cludesall majorDBMSs like Sybase,Oracle,Informix. This setis not extensible
for theuser, whereastheproposedarchitectureusestheJDBCinterface,which is
a common,widely usedandacceptedinterface,with driversavailablefor all rela-
tional DBMSs.
DataJoinerandDataPropagatorareavailableon a greatvariety of operatingsys-
tems. Theoretically, the Java solution is entirely platform independent,but this
independenceis limited by theavailibilty of Java Virtual Machines(JVM) on spe-
cific platforms. Theprototypehasbeentestedon AIX, Windows NT/98 with the
following DBMSs: DB2, Oracle,Sybase,Informix, MySQL in variouscombina-
tions.

8.2 Functionality

TheprototypeprovidesthesamefunctionalitiesasthecurrentDataPropagatorso-
lution with somerestrictions(e.g. rangeof target tabletypes). Theserestrictions
arenot limitationssetby thearchitecture,but simplynot implementedin thescope
of theprototype.Additional functionalitiesincludethesupportof SQL3datatypes
(not fully implementedandtestedup to thispoint).

8.3 Usability

WhereasDataJoineris very difficult to install andconfigure,the JDBC interface
only requiresthepresenceof aJDBCdriver(bundledwith thereplicationpackage).
No further local client installationsarenecessary. This is a real improvementin
termsof usability.
Also, thenew ReplicationAdministrationTool, RAT, is very easyto use,sinceits
functionalityis limited to whatactuallyis supported,whereastheDJRAtool strikes
the userwith a lot of functionality that is not even supportedfor hetereogeneous
replication.Moreover, DJRA’s lackof agraphicalrepresentationof thereplication
setupmakesit hardto comprehenda replicationscenarioeasily.
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8.4 Performance

As mentionedin 6.5, propagatingthe replicateddatarow by row implies a lot of
communicationoverhead. This is true for both using DataJoineras well as the
JDBCinterface.Especially, whentheApply programis runonadifferentmachine
thanthedatabaseserver, theoverheadmaybecomeverycostly. This is usuallythe
casewhenDataJoineris used,sinceApply hasto run in theDataJoinerinstance.A
truePull configurationis notpossiblewith non-DB2targets.

Thefollowing tablesshow resultsof a performancecomparisonof theDataPropa-
gatorApply with DataJoinerandtheJava Apply with JDBC.Shown arethetimes
for a full refreshof asimpletablewith 10000rows(with Integer, RealandVarchar
columns).For theJava Apply, a JDBCclass2 driver wasusedfor DB2, a class4
driver for Oracle.

Table1: Replicationin aPull Configuration,Oracleto DB2
Source Target Apply Type Time BatchUpdates
Oracle/NT DB2/NT DPropRApply 9s no
Oracle/NT DB2/NT Java Apply 30s no
Oracle/NT DB2/NT Java Apply 9s yes(100Statements)

Usingno batchupdates,theDPropRApply needsonly a third of the time to per-
form a full refreshastheJava Apply does,becauseit doesnot have thecommuni-
cationoverheadof theJDBCinterfacewhenupdatingthetargetrow by row. Using
BatchUpdates,theJava Apply canreducethecommunicationoverheadconsider-
ably, achieving thesameperformanceastheDPropRApply.

Table2: Replicationin aPushConfiguration,DB2 to Oracle
Source Target Apply Type Time BatchUpdates
DB2/NT Oracle/NT DPropRApply 70s no
DB2/NT Oracle/NT Java Apply 75s no
DB2/NT Oracle/NT Java Apply 11s yes(100Statements)

In thePushconfiguration,theDPropRApply performsa lot worse,sincethecom-
municationpaththroughDataJoinerto theOracletarget is a lot longer. TheJava
Apply shows aboutthesameperformanceusingrow by row updates.But theper-
formancegain by the batchupdatesis even greater, outperformingthe DPropR
Apply by almostanorderof magnitude.

In summary, usinganappropiateJDBCdriver, batchupdates,andminimizingcom-
municationpaths,theJava basedsolutioncanachieve thesameor in certainsce-
nariosmuchbetterperformancethantheDataJoiner/DataPropagatorsolution.
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9 Summary and Future Work

With the fully functioning prototypeas a proof of concept,it hasbeenshown
that it is feasibleto do cross-platform,cross-DBMSreplication by using Java
and JDBC as an interface to accessheterogeneousdatabases.In termsof per-
formance,the Java/JDBC solution may be at least as performantas the Data-
Joiner/DataPropagatorsolution.Usingnew technologieslike XML andXSL-T to
encapsulateDBMS dependentcode,extensibility canbe improved, development
work andcodemaintenancecanbereduced.

9.1 Not Addressed Problems

Someproblemswerenot addressedin the scopeof this paperandthe prototype.
Theseinclude:

� Multi-directional replicationand a conflict resolutionalgorithm have not
beensubjectof the prototype. Generally, the DPropRmethodsfor multi-
directionalDB2-DB2 replicationcouldalsobeappliedin theproposedhet-
erogeneoussolutionwithoutmajorchanges.

� Supportfor target tabletypeslike CCDs(consistentchangeddata),Replica
etc.hasnotbeenimplemented.

9.2 Future Work

Extensive researchin the field of accessingheterogeneous,including non- rela-
tional, datasourceshasbeenperformedin the scopeof the Garlic projectat the
IBM AlmadenResearchCenter(See[13]). Garlic not only addressesdatatrans-
formation,but alsodifferencesin thestructureof thedata(schematransformation).
Theresultof this paperandtheGarlic projectcould form a basisfor futurework
in thefield of heterogeneousdatareplication.
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A Example XSL-T transformation

Theexampleshows the transformationof anabstracttriggerdefinition to DBMS
specificSQL-DDL statements(in thiscaseSybase)usinganXSLT stylesheet.

This could be the abstractdefinition of the CaptureTriggersfor a simple table
with thecolumns:

<?xml version="1.0" encoding="UTF-8"?>
<trigger>
<capture_trigger before_image="" ccd_name="CCD124028" ccd_owner="phaase"
table_name="perform" table_owner="phaase">

<column name="ID"><integer/></column>
<column name="RL"><real/></column>
<column name="CH"><char size="10"/></column>
</capture_trigger>
</trigger>

The Sybasestylesheetwould look like this (only the part for the Insert trigger is
shown):

<?xml version="1.0"?>
<xsl:stylesheet xmlns:xsl="http://www.w3.org/1999/XSL/Transform" version="1.0">
<xsl:template match="/trigger">
<xsl:apply-templates/>
</xsl:template>
<xsl:template match="capture_trigger">
<statements>
<statement>
CREATE TRIGGER <xsl:value-of select="@ccd_owner"/>.I<xsl:value-of
select="@ccd_name"/>
ON <xsl:value-of select="@table_owner"/>.<xsl:value-of select="@table_name"/>

FOR INSERT AS
DECLARE @NEWSYNCH BINARY(10)
BEGIN
SELECT @NEWSYNCH=(CONVERT (BINARY(10), (CONVERT (NUMERIC(20),
(SUBSTRING(CONVERT(CHAR(25), GETDATE(), 9), 8 , 4) +SUBSTRING(CONVERT(CHAR(8),
GETDATE(), 2), 4 , 2) +SUBSTRING(CONVERT(CHAR(8), GETDATE(), 2), 7 , 2) +
SUBSTRING(CONVERT(CHAR(8), GETDATE(), 8), 1 , 2) +SUBSTRING(CONVERT(CHAR(8),
GETDATE(), 8), 4 , 2) +SUBSTRING(CONVERT(CHAR(8), GETDATE(), 8), 7 , 2)
+SUBSTRING(CONVERT(CHAR(25), GETDATE(), 9), 22 , 3))))))

INSERT INTO <xsl:value-of select="@ccd_owner"/>.<xsl:value-of
select="@ccd_name"/>
(<xsl:for-each select="column">

<xsl:if test="position()>1">,</xsl:if><xsl:value-of select="@name"/>
</xsl:for-each>
<xsl:if test="not(@before_image=’’)">

<xsl:for-each select="column">,<xsl:value-of select="../@before_image"/>
<xsl:value-of select="@name"/>

</xsl:for-each></xsl:if>,IBMSNAP_COMMITSEQ,IBMSNAP_INTENTSEQ,
IBMSNAP_OPERATION,IBMSNAP_LOGMARKER) SELECT

<xsl:for-each select="column">
<xsl:if test="position()>1">,</xsl:if><xsl:value-of select="@name"/>
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</xsl:for-each>
<xsl:if test="not(@before_image=’’)">

<xsl:for-each select="column">,null</xsl:for-each>
</xsl:if>, @NEWSYNCH, @NEWSYNCH,’I’, GETDATE() FROM inserted

END
</statement>

...

</statements>
</xsl:template>
</xsl:stylesheet>

TheresultafterthetransformationareSybasespecificSQL-DDLstatements(again,
only theInserttriggeris shown):

<?xml version="1.0" encoding="UTF-8"?>
<statements><statement>
CREATE TRIGGER phaase.ICCD124028
ON phaase.perform

FOR INSERT AS
DECLARE @NEWSYNCH BINARY(10)
BEGIN
SELECT @NEWSYNCH=(CONVERT (BINARY(10), (CONVERT (NUMERIC(20),
(SUBSTRING(CONVERT(CHAR(25), GETDATE(), 9), 8 , 4) +SUBSTRING(CONVERT(CHAR(8),
GETDATE(), 2), 4 , 2) +SUBSTRING(CONVERT(CHAR(8), GETDATE(), 2), 7 , 2) +
SUBSTRING(CONVERT(CHAR(8), GETDATE(), 8), 1 , 2) +SUBSTRING(CONVERT(CHAR(8),
GETDATE(), 8), 4 , 2) +SUBSTRING(CONVERT(CHAR(8), GETDATE(), 8), 7 , 2)
+SUBSTRING(CONVERT(CHAR(25), GETDATE(), 9), 22 , 3))))))

INSERT INTO phaase.CCD124028
(ID,RL,CH

,IBMSNAP_COMMITSEQ,IBMSNAP_INTENTSEQ,
IBMSNAP_OPERATION,IBMSNAP_LOGMARKER) SELECT

ID,RL,CH
, @NEWSYNCH, @NEWSYNCH,’I’, GETDATE() FROM inserted

END
</statement>

...

</statements>
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