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Preface

Today moreandmorebusinesspplicationsarebeingdesignedo runin distributed
computingervironments.In theseervironments datareplicationis a key to effec-
tively distributing andsharinginformation. It is afastandreliablewayto dissemi-
nateandconsolidaténformationto andfrom multiple locations.Furthermoreen-
terpriseinformationsystemshecomeincreasinglyheterogeneousyith a growing
numberof diverseplatformsanddatabassystemsDatareplicationsolutionsneed
to addressheserequirementgor heterogeneousupport.This paperexaminesthe
major commercialreplicationdesigns.Basedon IBM’ s DataPropagatosolution,
a new true heterogeneouarchitecturewill be proposedjncluding a prototypical
implementation.

How to read this paper

e Section 1 givesanintroductionto the mainconceptof heterogeneougpli-
cation.

e Section 2 examinesa selectionof four commerciakeplicationproducts.

e Section 3 explainsthe architectureof onereplicationproduct,IBM’ s Data-
Joiner/ DataPropagatpm detail.

e Section 4 analysesheinherentproblemsof the DataJoinef DataPropagator
architecture.

e Section 5 establishes list of requirementgor anew architecture.

e Section 6 listsconsiderationfor theimplementatiorof thenew architecture.
e Section 7 presentghe prototypeof the new architecture.

e Section 8 compareghe currentwith the new architectureandprototype.

e Section 9 closeswith asummaryandanoutlookto future work.
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1 Introduction to Heterogeneous Data Replication

Replication is the procesof maintaininga definedsetof datain morethanone
location. It involves copying desighatecchangesrom one location (source)to
another(target), andsynchronizinghe datain bothlocations.

Heterogeneity meangheability to replicatebetweerunlike platforms. The dif-
ferencesnight bein the hardware,operatingsystemspr DBMS. 1
Heterogeneousupportenablego consolidatelatafrom differentsourcesto share
dataamongdisparatesystemsandto assisin the evolutionarymigrationfrom old
to new technologies.

Thefollowing sectiongivesan overvien of the major commercialreplicationde-
signsandconcepts.

1.1 Fragmentation and Partitioning

Fragmentsrelogical portionsof atablewhich arephysicallystoredin oneor sev-
eraldatabasem thenetwork. Themappingbetweenablesandfragmentdogically
definesa fragmentatiorschema.The allocationschemadefinesat which site(s)a
fragmentis located.A fragmentthatis redundantlystoredat multiple sitesis called
replica. Therearetwo classe®f fragmentationpr partitioning:

e Table Partitioning: Subsetof a giventablearedefinedusing SQL predi-
catesthatreferto the columnsin the table. This canbe doneby projection
(vertically), selection(horizontally),or both (mixed).

e Database Partitioning: Thetablesin thedatabasarepartitionedonacom-
moncolumnusingforeignkey relationships.

1.2 Synchronicity

Datareplicatorscanbe classifiedinto two broadclassesSynchronousnd Asyn-
chronous.

1.2.1 Synchronous Replication

With the synchronousipproachreplicationis performedwithin the sourceupdate
transactionusuallyusinga two-phase-commitThe sourcetransactioris not con-
sideredcompleteuntil the updatehasbeensuccessfullyreplicatedto all tamgets.

Differencesn schemagschemaransformationsiirenot subjectof this paper



The main adwantageof synchronouseplicationis thatfull synchronizatiorat all

timesis guaranteedrFurthermorethe useof thetwo-phase-commiprotocolelim-

inatesthe possibility of updatecollisions.If the performancempacton thesource
transactionis not acceptablesynchronouseplicationshouldbe avoided. If, on

theotherhand,dataconsisteng acrossall sitesis critical, synchronouseplication
shouldbe considered.

1.2.2 Asynchronous Replication

With anasynchronouseplicator the sourceupdateis independenof thereplica-
tion processTheusers transactionis completewhenthelocal updates complete.
Usually updateswill be replicatedonly after the users transactioncommitsthe
changeso the sourcedatabase? Replicationmay occurmomentsafterthe source
transactiorcompletesor it maybe scheduledor laterexecution.

Thebenefitof asynchronoueeplicationis thatit minimizestheimpactontheusers
transactiorandincreasesherobustnes®f thereplicationprocessin aneventof a
network failure,thereplicatorholdsall updatesn a persistenjueue.
Asynchronougeplicationshouldbe usedwhen absolutedataconsisteng across
all sitesis notcritical.

1.3 Multi-Directional Replication

Multi-directionalreplicationallows updatego databaseat multiple sites. Thisim-
pliesthe needfor updateconflict detectionund resolution.Updateconflictsoccur
whenapplicationscommit competing potentiallyincompatibleupdatego two or
morereplica,andthe existenceof thesecompetingupdatesannotbedetectedintil
propagatiorof theseupdatedo otherreplicasoccurs.Therearetwo generaktlasses
of updateconflicts:

e Intra-table updateconflictsthat are detectablawvithin the scopeof a single
table.

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

Stratgiesfor conflictresolutionarefor example:

e Earliest/latest timestamp: theupdatewith theearliest/latesimestampvins
the conflict.

e Designated reference table: updateson the designatedeferenceableal-
wayswin the conflict.

2Somearchitecturesllow to replicateuncommittectata,e.g. DB2 DataPropagatavhenbound
UR (UncommittedRead).



1.4 Serializablity and Transactional Integrity

Theexecutionof transaction®n replicasis calledcorrect,if theeffectof thetrans-
actionsis the sameason a hon-replicateddatabase.This importantpropertyis
called1-copy-serializabilty [8].

A replicatorthatmaintainsghe orderof updateswithin atransactionandtransmits
all sourcetransactiorupdatesasa single unit of work is saidto provide “transac-
tionalintegrity” or “transactionatonsisteng’. Transactionatonsistengis essen-
tial to assuraeferentialintegrity.

Remark: Transactionaintegrity only guaranteeshe consisteng and atomicity
propertiesof an ACID transaction.Isolationanddurability cannot be guaranteed
in asynchronousipdate-aywherereplicationervironments.

1.5 Changed Data Capture Strategies

Any replicationarchitecturewill needto beableto capturechangediatainsteadof

replicatingthe entiresetof data. This enableghereplicatorto performdifferential

refresh,opposedo full refresh. Thereareseveral approacheso capturechanged
data,but all majorcommerciakreplicationproductsuseeitherlog basedor trigger

basedchangediatacapture.

151 LogBased Capture

A log basedreplicatorscansthe logs maintainedoy the DBMS. It finds changes
to datathatis registeredfor replication. Thesechangesarecapturedn someform
andsentto thetargets.Log basedcaptureoperatessynchronous)ywhich implies
alateny until thereplicatorbecomeswareof theupdate Althoughall “industrial
strength"DBMSs maintainlogs, log basedcaptureis not always feasible. Some
vendorsdo not publishtheir log structure. In a heterogeneousrvironment,the
replicatorwould needa log readeifor eachsourceDBMS.

152 Trigger Based Capture

A triggerbasedeplicatorexecutescodeinvoked by databasériggers. Thesetrig-
gersfire in theeventof changeso datathatis registeredor replication.In theory a
triggerbasedeplicatorcouldbesynchronouswith thetriggerupdatingtheremote
talgetdatabasesThis approachhowever, eliminatesthe benefitsof asynchronous
replication. Thereforereplicationtriggerstypically storechangeddatainto some
form of queue.Most DBMSs provide triggers,andalthoughthe trigger function-
alities may vary, generallythe sametrigger designcanbe implementedor most
DBMSs.



2 Existing Productsfor Heter ogeneous Replication

A numberof differentvendorsoffer solutionsfor heterogeneougplication.Among
themarealmostall vendorsof thewell establishedBMS. Besideshose thereare
otherthird-partyprovidersof replicationsolutions. The following sectioninvesti-
gatesa selectionof commerciakeplicationsolutions with focuson their architec-
tureandheterogeneousupport.

2.1 |1BM DB2 DataPropagator / DataJoiner

In conjunctionwith DataJoinerDataPropagatdiorms a flexible solutionfor het-
erogeneousgeplicationacrosplatformsandDBMSs.

2.1.1 DataPropagator

DataPropagatas thecentralproductof IBM’ sreplicationsolution. TheDataProp-
agatorarchitecturas basednthreemaincomponentsanadministratiorinterface,

change-capturmechanismsandthe Apply program.Thesethreecomponentsre

independentf eachother they communicatéhroughtheuseof replicationcontrol

tables.

e Administration Interface: TheDataJoineReplicationAdministrationtool
(DJRA) is usedto definethereplicationsetup: Enablea databaséor repli-
cation,registertablesassourcesdefinesubscriptions.

e Change Capture Mechanisms: In the caseof DB2 asareplicationsource,
the Captureprogramcaptureschangediataby readingthe DB2 transaction
log. In thecaseof anon-IBM replicationsource capturegriggersemulatethe
Capturefunctions. Thecapturecchangediatais storedin dedicatedchanged
datatables.

e Apply: The Apply programreadsthe changeddatafrom the changeddata
tablesandappliesthemto thereplicationtargets.

DataPropagatoallows bi-directionalreplication (“Update Anywhere”), but only
for DB2 to DB2 replication.

2.1.2 DataJoiner

DataJoiners IBM’ s stratgic gatavayto enabldransparenaccesso relationaland
non-relational|BM andnon-IBM databasesHeterogeneoudatasourcessanbe
accessedsif they wereDB2 databases.

DataJoineiis not only usedin heterogeneouseplicationsystems.It canalsobe
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usedfor heterogeneoudistributeddataaccessDataJoineenablesisersandappli-
cationsto performdistributed SQL queriesover tablesthatarelocatedin separate,
multi-vendordatabases.

TheDataJoineandDataPropagatarchitecturewill beexplainedin detailin chap-
ter3.
For furtherreadingon DataPropagatpfl1] and[10] berecommended.

2.2 Sybase DataM ovement

SybasébataMovementis a completesuiteof productsthatprovidesbi-directional,
heterogeneouplication.Thetwo centralcomponentsarethe ReplicationSener
andReplicationAgents.

TheReplicationAgentsareusedto capturechangestheterogeneousatasources.
Currently thereare a log basedReplicationagentfor DB2 and a trigger based
ReplicationAgent for Informix and Oracle available. The ReplicationAgents
passeshe capturedchange®nto ReplicationSener which thendistributesthose
changes.The changeddatais extractedand distributed as entire transactiongo
maintainthe transactionaintegrity of all replicateddata. Thereplicationprocess
with ReplicationSener is asynchronouandtransparento applications.

As areplicationtarget Sybaseadditionallysupportsary ODBC andDRDA tamets.

An examplereplicationscenariamightlook lik e this:

- g &
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SH'I'H

Reghaton g
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Figurel: Replicationscenariovith SybasdbataMorement

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

TheMS-SQL Sener 7 replicationmodelconsistf Publishergreplicationsource
seners),Subscribergreplicationtargetseners)andDistributors,articles(anentire
table or part of a table registeredfor replication) and publications(grouping of

articles).SQL sener replicationallows threetypesof replication:

e Snapshot replication: takesasnapshobf thepublisheddatain thedatabase
atonepointin time. Insteadof monitoringandcopying datachangesSub-
scribersareupdatedby atotal refreshof the dataset.

e Transactional replication: monitorschangeso the publishingsener at
the transactiorlevel. Only committedtransactionsare sentto subscribing
seners,retainingtheirorderandthusguaranteeingransactionatonsisteng
With transactionaleplication,changesare only allowed at the publishing
site (no bi-directionalreplication).

e Merge replication: allows multi-directional replication. Publishersand
Subscribersan connectperiodically to mege their results. Conflicts are
resohed automaticallyby pre-assignedbriorities. Merge replicationuses
triggersonthe publishedtables(articles)to capturechangediata.

Thereplicationprocesds managedy four differentreplicationagentswhich all
run underthe control of the MS-SQL Sener agentandcanbe administeredrom
usingSQL Sener EnterpriseManagerasshavn in figure2. Thereplicationagents
are:

e Snapshot Agent: prepareghe schemaandinitial datafiles of publishedta-
bles, storesthe snapshobn the Distributor, andrecordsinformationabout
the synchronizatiorstatusin the distribution databaseEachpublicationhas
its own Snapshofgentthatrunsonthe Distributor andconnectdo the Pub-
lisher

e Log Reader Agent: moves transactiongmarked for replicationfrom the
transactiorlog of the Publisherto the distribution databaseEachdatabase
publishedusingtransactionateplicationhasits own Log ReaderAgentthat
runson the Distributor andconnectgo the Publisher

e Distribution Agent: movesthetransactionandsnapshotéeldin distribu-
tion databasé¢ablesto SubscribersDependingon the type of subscription,
theDistribution AgentrunseitherontheDistributor andconnectgo the Sub-
scriber or it runson the SubscribefPull Subscription).

e Merge Agent: movesandreconcilesncrementatiatachangeshatoccurred
aftertheinitial snapshoffor Merge Replicationonly).
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Heterogeneoumteroperabilityis oneof the weaknessesf MS-SQL Sener. Out
of the box, it only supportsreplicationto heterogeneouPBMSs througheither
the ODBC interfaceor OLE DB. Replicationfrom heterogeneouPBMSsis ad-
dressedn the way that the replicationprogramminginterfacesare exposedand
documentedallowing software developersto createtheir own replicationagents
andintegratethemwith SQL Sener.

S0L gewer
Enterprise

Manager
l v Sub scriber
Replication SQ-D COBC
Agent
SCL Server Distribution
distributor i Agent
TS RERLDIST |
. Distribution
nt
QL Server fge
Third party distributor
agent
Third party )
administr aton m i“.
Third party Subsaiber

publisher

Figure2: HeterogeneouReplicationwith MS SQL Sener7

SQL Sener Replicationwasdesignedo be easyto setupandmanagelt provides
aReplicationWizardanda ReplicationMonitor.

2.4 Amdahl InfoReplicator

AmdahlinfoReplicatoris areplicationsolutionespeciallyfor heterogeneousvi-
ronmentslt providesasynchronoushangedatareplicationwith full dataintegrity
andtransactiorconsisteny, aswell asbi-directionalcapabilities.
InfoReplicatorconsistof thefollowing components:

e ChangeCapturecomponent:specificto eachsourceDBMS, placedataup-
datesinto persistengjueues
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e Dispatchercomponentreadieghe changedy transactiorandtarget

e Distributor component:operatesacrossthe network via client/serer mid-
dleware,performsdatatype corversions appliesdatato targets

SupporteddBMSsare: Oracle,Sybase|nformix, DB2, MS-SQL Sener
SupporteddSare: Windovs NT, UNIX, MVS

25 Comparison

All the examinedreplicationproductshave a similar asynchronousirchitecture:
Thereis a componenthat captureschangediataat the source,anda component
thatappliesthechangediatato thetamet. All of themclaimto retaintransactional
consisteng

All architecturesequirea specificcapturecomponentor eachsupportedsource
DBMSs,which usuallyhasto be purchasedeparatelyOnly IBM’ s DataPropaga-
tor supportsall its datasources'out of the box” (i.e., the supportis includedwith
the product). All solutionsarelimited to a fixed numberof supportedplatforms
andDBMSs. Noneof themis easilyextensible.

IBMs combinationof DataJoineand DataPropagatais by far the mostcomple
solution, it supportsa greatvariety of DBMSs on almostall major platformsand
offersmary differentoptionsin thereplicationsetup.
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3 The Current DB2 DataPropagator Architecturein De-
tail
3.1 DB2 Data Replication Concepts

3.1.1 Replication Sources

A replicationsourceis a usertableor a view from which datawill be copied.Be-
fore datacanbe replicated,a replicationsourcemustbe defined. It describeghe
informationthatthe change-capturmechanisnwill use.Whenregisteringarepli-
cationsource thefollowing parameterseedto be specified:subsebf columnsto
replicate before/afteror beforeimage,differentialor full refresh level of conflict
detectionfor updatearywhere.

3.1.2 Subscriptions

Beforedatacanbereplicatedrom thereplicationsourcejt mustbeassociategvith
the taiget to which the changesareto be replicated. This informationis defined
usingsubscriptiorsetsandsubscriptiormembersandstoredin variousreplication
controltables.

3.1.3 Logical Servers

All the replicationcomponentsesideon a logical sener. In this sensetheterm
sener actuallyrefersto adatabaseTherearethreetypesof logical seners:

e Sourceserver: containghechange-captunmechanismthereplicationsource
tablesandcontroltablesusedby the Change-captureomponenandthe Ap-

ply program.
e Target server: containghetargettables.

e Control server: containscontroltablesusedby the Apply program.

3.2 DB2 Data Replication Components
3.21 Control Tables

Thereplicationcomponentsisecontroltablesto communicatevith eachotherand
to manageeplicationtasks.The mostimportantonesare

atthesourcesener:

15



e Raister Table: containsinformationaboutreplicationsourcessuchasthe
namesof the replication sourcetables,their attributes, their stagingtable
namesandsynchronizatiorinformation.

e RaisterSynh Table: atriggeron this tableupdateghe registertable,indi-
catinghow muchchangediatahasbeencaptured.

e Prune Control Table: coordinateghe pruning of the changeddatatables.
For eachsubscriptionmemberthereis an entry in this table indicating its
synchronizatiorstatus. Datathat hasbeenpropagatedo all subscription
memberscanbe prunedfrom the changediatatable.

e Changd Data Tables:recordsall changesnadeto areplicationsource.
atthecontrolsener:

e SubscriptiorSetTable: lists all of the subscriptiorsetswith theirreplication
statusdefinedat the controlsener andidentifiesthe sourceandtamgetsener
pairsthatareprocesse@sagroup.

e SubscriptiorMemberTable: containgnformationabouttheindividual source
andtamgettablepairsdefinedfor a subscriptiorset.

e SubscriptionColumnsTable: containsinformationaboutthe columnsof the
subscriptiorsetmembers.

e SubscriptionStatementslable: containsuserdefined SQL statementsor
storedprocedurecalls that will be executedbeforeor after a subscription
setprocessingycle.

e SubscriptiorEventsTable: containgnformationabouttheeventsthattrigger
asubscriptiorsetprocessingycle.

e ApplyTrail Table: containsaudittrail informationfor the Apply program.

3.2.2 Change Capture Mechanisms

The DB2 datareplicationsolutionoffersthesemechanisms$or capturingchanged
data:

e Capture Program for DB2 sourceables:readghe DB2 transactionog and
recordsthe changediatain CD (changediata)andthe UOW (Unit of Work
table).

e Capture Triggers for non-IBM datasources:capturecommittedchanges
to CCD (consistentthangedata)tables. They are fired whena particular
databasevent(INSERT, UPDATE, DELETE) occurs.The Capturetriggers
aregeneratedby the DataJoineReplicationAdministrationtool (DJRA).

16



3.23 Apply

The Apply programreadsdatafrom the sourceandchangediatatablesand prop-
agatedt to the replicationtamgets. EachApply programis associatedvith one
controlsener, which containsthe controltablesthatcontainthe definitionsfor the
subscriptiorsets.

3.24 DJRA

DJRA - the DataJoineReplicationAdministrationTool is theadministratie inter-

faceto definethereplicationsetup.It canbe usedto createthe replicationcontrol
tables, register replication sources,define subscriptions,and for several further
adinistrationtasks. DJRA producesSQL-DDL statementshat can be manually
editedand executed. Thesestatementalsoinclude the definition of the Capture
triggersfor non-IBM datasources.

3.3 TheReplication Process

Thereplicationprocesss aparallelproces®f capturingchangediataandapplying
it to thetamget. The changeddatacapturein the heterogeneousasewith capture
triggersis fairly simple,whereasnostof thework is doneby the Apply program.
Its work consistof five distributedstepsat the control, sourceandtarget sener:

3.3.1 Apply Cycle Overview

1. Control Server:Look for work - checkthe subscriptiorcontroltables

2. Souce Server:Pick up recentchangediatato be applied

3. Target Server:Apply theforeignchangediatato thetargettable

4. Contmol Server:Updatesubscriptiorstatus

5. Souce Server:Reportsubscriptiorstatusin the pruningcontroltable
The following figure gives an overvien of the entire replicationprocesswith its
involved componentaswell asthe dataandcontrolflow.

The numerationin the figure correspondso the senersasfollows: sourcesener:
1-9, controlsener: 10-15,tametsener: 16.

17
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Figure3: Dataflow in a heterogeneougplicationscenariovith DataPropagator

3.3.2 Trigger-based Communication

DJRA, working through DataJoiner createsCaptureTriggers (2) on non-IBM
sourcetableswhenthey aredefinedasreplicationsourcesThreetypesof triggers
arecreatedbnthesourceables:DELETE, UPDATE andINSERT. Also, UPDATE
triggersare createdon the pruning control table (7) andthe registersynchroniza-
tion table(9). The Apply programuseshesecontroltablesto detectwhatneeddo
be copiedto thetargetdatabaseThefollowing processlescribesow the Capture
triggersand Apply communicaten a typical replicationscenarioto ensuredata

integrity:

1.

Wheneer a DELETE, UPDATE, or INSERT operation(1) occursat the
sourcetable (5) thatis definedasa replicationsource a Capturetrigger (2)
recordshe changen the consistent-changeath (CCD) table(6).

. Whenthe Apply program(10) is startedjt updategheregistersynchroniza-

tion table(9). The Updatetriggeron this table(4) updategheregistertable
(8) to recordhow muchcommittedchangediatahasbeencaptured.

. The Apply programgetsthe sourcetableinformationfrom the registertable

@8).

. Beforethe Apply programcancopy differentialchangego thetaget, it syn-

chronizeghetametwith thereplicationsourceby copying all the datafrom
the replicationsource(5) to the target (16). This actionis calleda full re-
fresh.

. The Apply programupdateghe pruningcontroltable(7) to synchronizehe

captureof therelatedchangesn the CCD table.

18



6. The Apply programreadsthe CCD table (3) using DataJoinemicknames,
andappliesthe changego thetamettable(16).

7. The Apply programupdateghe pruningcontrol (7) tablewith a valuethat
indicatesthe pointto whichit copiedchangedo thetamgetdatabase.

8. TheUPDATE triggeronthe pruningcontroltable(3) checksall of the CCD
tables(6) that are at the sourcesener and deletesthoseentriesthat were
replicated.

4 Problems with the Current DataJoiner/ DataPropaga-
tor Architecture

4.1 Limited Heterogeneity

Thecurrentarchitecturenakesuseof DataJoineasaninterfaceto accesson-IBM
replicationsourcesandtargets. DataJoineusesa wrapperarchitecturghatallows
to accesghosenon-IBM databasessif they were DB2 (Version2) databases.
DataJoinehasrich capabilitiesfor distributeddataaccessincluding optimization
for queriesacrossheterogeneousatabasesOn the otherhand,the Apply program
usesnoneof thosecapabilities.In fact, the currentarchitecturaequiresa separate
databaséor eachheterogeneousmetdatabaseDependingon DataJoineimplies
limited heterogeneityn termsof bothsupporteglatformsandDBMSs: Although
DataPropagatds availablefor anumberof differentplatformsandDBMSs, there
aresomethatare not addressedThe amountof resourcesiecessaryo supporta
new platformor DBMS is tremendous.

In todays world of heterogeneousystemst is desirableto develop platformand
operatingsystemindependensolutions.

4.2 Data Type Mappings

With thecurrentDataJoiner/DataPropagatmchitectureall replicationsourceand
targetdatabasearetreatedasif they wereDB2 Version2 databases.
EventhoughDB2 prettymuchcomplieswith the SQL standardsnostotherDBMSs
do not. They may only supporta subsetf the SQL datatypes,or they may have
differentsemanticsMoreover, all datatypesintroducedafterDB2 V2 arenot sup-
portedby DataJoinere.g. mostof thenev SQL99datatypeslike LOBs, Bigint, or
distincttypes.

The datatypemappingsfor all supporteddBMSs arehardcodednto DJRA. That
impliesconsiderableodechangedor the supportof anev DBMS. Evenif anew
versionof a DBMS supportanew datatypes,the DJRA codeneedgo be changed.
To assurdbackwardscompatibilitythe DJRA codeneedgo beversiondependent.
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4.3 Changed Data Capture, Trigger Architectures

The currentarchitecturerelieson triggersasa changeddatacapturemechanism.
Althoughalmostall major DBMSs supporttriggers,their functionality differs sig-
nificantly Someimportantdifferencesare:

e Trigger Granularity: SomeDBMS supportrow level, somestatementevel
triggers, otherssupportboth. The triggershave to be designedfor each
supportseperately Statementevel triggersare a problemin the way that
changediatahasto be capturedow by row.

e Supportof variables:SomeDBMS do not supportthe useof variablesin a
triggerbody(e.g. Teradatapr have otherrestrictionsof equalconsequences.
This makesthetriggerdesignchallengingor potentiallyimpossible.

e TriggerDefinition Syntax: Thereis no commonsyntaxfor triggerdefinition
amongthe DBMSs.

As aresultof the differencesgachsupporteddBMS hasits own specifictrigger

design someof themevenmake useof proprietaryDBMS featuredik e procedures
or sequencgeneratorgOracle).Again, thetriggerdefinitionsarehardcodedn the

DJRAbaclend. Thesupportof anadditionalreplicationsourcerequiressignificant

codechanges.

5 Requirementsfor an | mproved Heterogeneous Replica-
tion Architecture

Basedon the problemsinherentin the currentheterogeneouseplicationsolution
thatwerecharacterizedh the previous section,this sectionwill determineghere-
guirementdor anew heterogeneougplicationarchitectureandimplementation.

5.1 True Heterogeneity

Thenew replicationarchitectureshouldprovide maximumheterogeneousupport,
with respecto platformsaswell asDBMSs. Ideally, the programshouldnot even
beawareof the platformit runson or which DBMS it talksto.

5.2 Dynamic Data Type Mappings

Whenreplicatingdataacrossdifferent DBMSs, the datatype mappingsfrom the
sourcetableto the target table shouldbe doneby using metadatanformation of
the talget databasaboutthe supporteddatatypes. If a specificdatatype is not
supportedy thetargetDBMSs, the datatype shouldbe mappedo theclosestdata
typethatis supportedif possiblewithout restrictingprecision.
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5.3 Extensibility

Thereplicationsolutionshouldbe easilyextensiblein termsof supportedBMSs.
Noneof thecomponentshatneedto be DBMS dependente.g.changediatacap-
turemechanisms3houldbe hardcodedlIf supportfor anadditionalDBMS is to be
addedthis shouldbefeasibleby simply registeringit in someway without chang-
ing ary code.

In additionto theserequirementghat directly resultfrom the problemslisted in
the previous section,two additionalrequirementsre essentiafor the acceptance
of anew architecture:

5.4 Performance

The new architectureshouldreacha similar or betterperformanceasthe current
one using DataJoiner Performancen this sensemainly refersto the replication
lateny anddatathroughputof the Apply program. Especiallythe performance
for pull configurationgApply programis runningon the target sener) will be of
importance:True pull configurationsare not possiblewith a DataJoinemarchitec-
ture,becausehe Apply programalwaysconnectgo the DataJoinedatabaseThis
limitation hasbeencriticized by somecustomersit would be a greatadvantageif
the new architecturevould performbetterin this specificscenario.

5.5 Interoperability and Compatibility

Every part of the new replicationarchitectureshouldwork interchangeablyvith

existing partsof the currentproduct. For example,a replicationscenarichatwas
setupwith theold DJRA, runningwith DPropRCaptureshouldwork with the new

Apply componenbf the new architecture.

Especiallythe format of the replication control tablesand changeddatatables
shouldbe untouched.If the productshouldever be usedcommercially it should
supportestablishingheIBM replicationcontroltablesasa standardor datarepli-

cation.

6 Implementation Considerationsfor a New Architecture

6.1 Heterogeneneity with Javaand JDBC

Java is thefirst choicefor developing platform independensoftware. Java pro-
gramswritten once,canrun everywhereonvirtually ary platformontop of aJava
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Virtual Machine. In combinationwith JDBC asthe interfaceto accessheteroge-
neousdatabasesy Java basedmplementatioris the perfectsolutionfor heteroge-
neouseplicationin termsof platformsandsupportedBMSs. Also, Javaprovides

several built in functionalitiesthat could be usefulfor datareplication,for exam-

ple its Threadcapability which would allow quasi-paralleteplicationto multiple

targets,or processingnultiple subscriptiorsetsatthe sametime.

6.1.1 TheJDBC Interface

The JDBC API is a setof abstract]ava interfacesthat allow an applicationpro-
grammetto openconnectiongo particulardatabase®xecuteSQL statementsand
procesgheresults.

Themostimportantinterfacesare:

e java.sql.DrverManager:for loading drivers, creationof databaseonnec-
tions

¢ java.sql.Connectionrepresentatioof a databaseonnection
e java.sql.Statementontainerfor executionof SQL statements

e java.sqgl.ResultSetallows accesdo theresultof aquery

6.1.2 javax.sgl

javax.sqglis anextensionto thestandardi DBC API thataddressetwvo aspectshat
areimportantfor thereplicationarchitecture Heterogeneityandperformance.

e JNDI for naming databases. The Javza Naming and Directory Interface
(JNDI) canbe usedin additionto the JDBC driver manageto managelata
sourcesaandconnectionsWhenanapplicationusesIJNDI, it specifiesalog-
ical namethatidentifiesa particulardatabasénstanceand JDBC driver for
accessinghat database This hasthe advantageof makingthe application
codeindependendf a particularJDBCdriverandJDBCURL.

e Connection Pooling: TheJDBC2.0StandardExtensionAPI specifiediooks
thatallow connectiornpoolingto beimplementecdn top of the IDBCdriver
layer This allows for a single connectioncachethat spansthe different
JDBC driversthat may be in use. Sincecreatingand destrying database
connectionss expensve, connectiorpoolingisimportantfor achiezing good
performanceespeciallyfor sener applications.

e Distributed transaction support: Supportfor distributed transactionsal-
lows aJDBCdriverto supporthestandar®-phaseommitprotocolusedoy

22



theJava TransactiorAPI (JTA). JDBCdriver supportfor distributedtransac-
tions allows developersto write programghataretransactionahcrossnul-
tiple DBMS seners.

Theoreticallythis couldbeabasisfor asynchronouseplicationarchitecture,
but notin the scopeof this prototype.

e Rowsets. Asits nameimplies,arowsetencapsulateasetof rows. A rowset
mayor maynotmaintainanopendatabaseonnection Whenarowsetis dis-
connectedrom its datasource,updategperformedon the rowsetare prop-
agatedto the underlyingdatabaseising an optimistic concurreng control
algorithm.

For thereplicationarchitectureRowsetscould be usedto sendentiresetsof
changediatarows acrosghenetwork, insteadof retrieving datarow by row.

6.2 JDBC Data Type Mappings

JDBCdefinesa setof genericSQL typeidentifiersin java.sqgl.ypes,which corre-
spondto SQL standarddatatypes. Programmingn JDBC, thereis generallyno
needto concernaboutthe exact SQL type nameusedby the target databaseThe
onemajor placewhereone needso useSQL type namess in the CREATE TA-
BLE statementFor this casetherearetwo choices:Onechoiceis therestrictionto
theuseof widely accepte QL typenameglik e Integer, Numeric,...) but this con-
tradictsthe ideaof a genericreplicationarchitecture.The otherchoiceis making
useof the DBMS’s Metadatao specifythe correctdatatype name.Thefollowing
figure demonstratelow this canbe donefor a mappingfrom an arbitrarysource
tableto anarbitrarytamettable.

Source table Target
table with JDBC table with
proprietary [ f | datatypes || 2| proprietary

datatypes datatypes

Resultset—
Metadata

DB Metadata
(Typeinfo)

Figure4: Java datatype mappingausingMetadatanformation

TheResultSeMetadataof aqueryagainsthesourceable(e.g. SELECT* FROM
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source)canbe usedto mapthe proprietarydatatypesof the sourcedatabas¢o the
genericJDBC datatypes. The Metadateof a Resultsetanbe obtainedusingthe
methodResultSet.getMetaData().

Using the Typelnfo information of DatabaseMetadataof the target databaseit
is possibleto mapthe JDBC typesto actually supporteddatatypesof the tamget
databaseThesetypenameganbe usedin the CREATE TABLE statemenfor the
definitionof thetargettable.

Unfortunately the information provided by the databasanetadatds not always
corrector sufiicient. In somecasesthe metadatanformationsays,the database
doesnot supporta specificdatatype evenif it does.In othercasest is desirable
to mapto a similar datatypeif a specificdatatypeis not supportedThefollowing
figure shavs examplesfor reasonabl@lternatve mappings.

Remark:If thesealternate mappingsget more complicatedone hasto ensureto
avoid cycles.

BINARY VARBINARY

Figure5: Alternative Type Mappingsfor JDBC

JDBC 2.0 introducessupportfor SQL3 datatypes,suchas User Defined Types
(Distinct Types,Structuredlypes,Referencdypes)andLOBs (CLOBsandBLOBS).
Thereare also new interfacesthat allow a custumizedmappingof UDTs. The
DatabaseMetaDatand ResultSetMetaDataasbeenextendedfor getting Meta-
Dataaboutthe new types.
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6.3 An Extensible Approach for Changed Data Capture

Thereare sereral feasibleapproacheso capturechangeddatafor heterogeneous
replication. The focuswill be on an extensibleapproachfor trigger definitions
using XSL-T technology Alternative waysfor changeddatacapturewill alsobe
explained.

6.3.1 Trigger Based

Thetriggerdefinitionsneedto bespecificfor eachDBMS for thereasongxplained
in 4.3. To assuranaximumheterogeneityandextensibilty it is usefulto separate
thespecifictriggerdefinitioncomponenfrom theactualreplicationtools. Thiscan
bedoneusingXSL technologyasshavn in Figure6. Theadministratiortool gen-

Abstract XSL-T Specific
Trigger Processor ) Trigger
Definition Definition
(XML) DBMS specific (SQL-DDL)
XSL Stylesheet

Figure6: TriggerdefinitionsusingXSL technology

eratesan abstractdefinition of what the changecapturetriggersshouldlook like
andstoresit into an XML file.

An XSL-T processottransformsthis abstractdefinition into specific SQL-DDL
statementsising an XSL stylesheet. The SQL-DDL output statementswill be
parsedagain and executedagainstthe sourcedatabase.Which XSL stylesheet
shouldbe usedcanbe determinedusingthe ConnectionMetadata. Supportfor a
new replicationsourceDBMS is assimpleasproviding a new stylesheet.

The sametechniquecanbe usedin all otherplaceswhereDBMS dependenstate-
mentshave to beexecuted e.g.in thedefinitionof thereplicationcontroltables.
An exampleof an abstracttrigger definition, an XSL-T stylesheetandthe trans-
formedtriggerdefinitionin SQL canbe foundin AppendixA.
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Alternative waysto performchangediatacapturee.g. in the casethatthetrigger
basedapproactis notapplicable are:

6.3.2 LogRead

For the DBMSs that have publishedtheir log format, it is possibleto write Cap-
ture componentshatreadthe log maintainedby the DBMSs. Onesuchprogram,
DPropRS Captureis alreadyavailable. For SybaseandMS-SQL Sener thereex-

istsa programthatreadsthelogsof theseDBMSs.

6.3.3 Updating Application Captures Changed Data

It is also possibleto let the application,which updatesregisteredsourcetables,
recordthe changediatadirectly into the changediatatables.Of coursethis con-
tricts the idea of applicationindependencegr transparencelt shouldtherefore
only beusedif thereis no alternatve (e.g.,notriggersupport).

6.3.4 No Capture of Changed Data

Sometimest may not even be necessaryo capturechangedata,for exampleif
thedatais highly fluctuating,or theamoutof replicateddatais very small. In these
casegeplicationcouldbedoneby aregularfull refesh.

6.4 Performance Aspects

An implication of the currentchangeddatareplicationapproachis that datais
propagatedow by row. This basicallymeans:Readarow from the source(more
precisely: fetch from a ResultSet) perform an updateat the tamget, reada row,
performan update,etc. Especiallywith the high communicatioroverheadof the
JDBCinterfacethis canbevery costly

An obviousimprovementwould beto fetchmultiple rows of changedlataatatime
(Block Fetch)andalsoperformmultiple updatesat atime (BatchUpdates) Batch
Updatesarea standardeatureof the JDBC 2.0interface. All majorJDBCdrivers
have implementedBatchUpdatesupport.Unfortunately block fetchis not a stan-
dardfeatureof the JDBC interface. 3 This limits the performancémprovements
of theBatchUpdates.

Performancecanalsobe improved by choosingthe right JDBC driver. Thereare
four cateyoriesof drivers:

1. JDBC-ODBCbridgeplus ODBC driver: The Java Software bridge product
providesJDBCacceswvia ODBC drivers.

3SomeJDBC driversdo supportblock fetchesasanadditionalfeature.
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2. Native-API partly-Jaa driver: This kind of driver corvertsJDBC callsinto
calls on the client API for Oracle, Sybase Informix, IBM DB2, or other
DBMSs. Like the bridgedriver, this style of driver requiresthatsomeoper
ating system-specifibinary codebe loadedon eachclient machine.

3. JDBC-NetpureJavadriver: Thisdriver translatesDBCcallsinto a DBMS-
independentet protocol,whichis thentranslatedo a DBMS protocolby a
sener. This netsener middlevareis ableto connectts pureJava clientsto
mary differentdatabasesl he specificprotocoluseddepend®nthevendor

4. Native-protocolpure Java driver: This kind of driver converts JDBC calls
directly into the network protocolusedby DBMSs. This allows adirectcall
from theclientmachineto the DBMS sener.

Category 1 and 2 drivers requirea local databaseclient on the client machine.
Catgyories3 and4 offer all theadvantage®f Jaratechnologyincludingautomatic
installation,andshouldthereforebe usedfor atrue heterogeneousolution.Onthe

otherhand,Category 2 driversaretypically muchmore performant.For example,
whenthe changeddatais fetched,the ResultSetis held within the local client,

which significantlyreducegshe communicatioroverhead.
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7 Overview of the Prototype

The proposedarchitecturehasbeenprototypically implemented. Similar to the
currentDataJoiner/DataPropagatachitectureit consistf a graphicaladminis-
trationinterfaceandan Apply program.Both programsusethe JDBCinterfaceto
accessheheterogeneoudatabased-or easeof use theconnectiorconfigurations
arestoredin anXML file seners.xml,which, again,is usedby the administration
tool andthe Apply program.Theformatof the changediatatablesandcontrolta-
blesis the sameasin the DataPropagatasolution,to guaranteeeompatibilityand
interoperability(Section5.5).

7.1 Replication Administration Tool

The Replication Administration Tool (RAT) acts as graphicalinterface to both
setupaswell asrepresenthe entirereplicationscenaridn a hierarchyof Seners,
ReplicationSourcesSubscriptiorSetsandSubscriptiorMemberqFigure8 shavs
ascreenshot)All DBMSsspecificcomponentglik e the Capturetriggers,specific
controltables)arestoredin XML stylesheets.

Moreover, the Apply processcanbe startedirom theadministratiortool.

Figure7 shawvs anoverview of theimplementedRAT architecture.

Source Server JVM Target Server
Source Table | Replication :
Tri ini 1 Dynamic
¢ Gerzgr%?iz)n Administration || Data Type |+  Target Table
with xsL-T | || Tool (RAT) Mappings
Capture Triggers T ;
i Control Server v
£ |
— Data Flow
Changed Data Table Control Tables | = ~ Contral tiow

Figure7: ReplicationAdministrationTool
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B[=E3

= Replication Servers
o [ pB2/AIX
e [] pB2/NT
@ D SyhaseiGollum
@ [J Replication Sources
D Register Source
% phaase.perform
@[] Subscription Sets
Lo D Syhaseifinaconda
@ D Oracle/Anaconda
@ D InformixiAnaconda

@ 3 Replication Sources
@ [J Subscription Sets
[y Add Subscription Set
% CITEST/TEST
D Add Subscription Member

% undjro1.sc

e (] mysoL

Figure8: ScreenshoReplicationAdministrationTool

7.2 JavaApply

TheJava Apply programis very similarto the DataPropagatohpply. It is entirely
platformindependenandcanberun on ary Java Virtual Machine. The program
canbe startedeitherfrom the commandine or from the administratiortool, with

the Apply Qualifierandthe Control Sener asa parameter The Apply makesuse
of Java’s threadfunctionality: Multiple subscriptiorsetscanberunin parallelas

threads.

Thecurrentprototypeonly supportglifferentialrefreshfrom CCD (consistenthanged

data)tablesandsupportonly usercopiesasatamet (seefuture work).

Source Server

JVM

e

Capture Triggers

!
o)

JDBC

Figure9: TheJava Apply Program

Apply

JDBC

Target Server

Control Server
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8 Comparison of the Existing DataJoiner/ DataPropaga-
tor and the Proposed Architecture

8.1 Heterogeneity

TheDataJoiner/DataPropagatwlutionsupportsafixed setof DBMSs,whichin-
cludesall major DBMSslike SybaseQracle,Informix. This setis not extensible
for the user whereaghe proposedarchitectureusesthe JDBC interface,which is
acommon,widely usedandacceptednterface,with driversavailablefor all rela-
tional DBMSs.

DataJoinerand DataPropagatoare available on a greatvariety of operatingsys-
tems. Theoretically the Java solutionis entirely platform independentput this
independences limited by the availibilty of Java Virtual Machines(JVM) on spe-
cific platforms. The prototypehasbeentestedon AIX, Windowvs NT/98 with the
following DBMSs: DB2, Oracle,Sybase)nformix, MySQL in variouscombina-
tions.

8.2 Functionality

The prototypeprovidesthe samefunctionalitiesasthe currentDataPropagatoso-
lution with somerestrictions(e.g. rangeof tamgettabletypes). Theserestrictions
arenotlimitationssetby thearchitectureput simply notimplementedn the scope
of the prototype.Additional functionalitiesincludethe supportof SQL3datatypes
(notfully implementedandtestedup to this point).

8.3 Usability

WhereadataJoinelis very difficult to install and configure,the JDBC interface
only requireghepresencef aJDBCdriver (bundledwith thereplicationpackage).
No further local client installationsare necessatyThis is a real improvementin
termsof usability

Also, the new ReplicationAdministrationTool, RAT, is very easyto use,sinceits
functionalityis limited to whatactuallyis supportedwhereaghe DJRAtool strikes
the userwith alot of functionality thatis not even supportedor hetereogeneous
replication.Moreover, DJRASs lack of agraphicalrepresentationf thereplication
setupmalesit hardto comprehendé replicationscenariceasily
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8.4 Performance

As mentionedn 6.5, propagatinghe replicateddatarow by row impliesa lot of

communicationoverhead. This is true for both using DataJoineras well asthe
JDBCinterface.Especiallywhenthe Apply programis runon adifferentmachine
thanthedatabassener, theoverheadmaybecomevery costly Thisis usuallythe
casewhenDataJoiners used sinceApply hasto runin the DataJoineinstance A

true Pull configurationis not possiblewith non-DB2tamgets.

Thefollowing tablesshaw resultsof a performanceomparisorof the DataPropa-
gatorApply with DataJoineandthe Java Apply with JDBC. Shavn arethetimes
for afull refreshof asimpletablewith 10000rows (with Integer, RealandVarchar
columns).For the Java Apply, a JDBC class2 driver wasusedfor DB2, a class4
driver for Oracle.

Tablel: Replicationin a Pull ConfigurationOracleto DB2
Source Tamget 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(100 Statements

Using no batchupdatesthe DPropRApply needsonly a third of thetime to per
form afull refreshasthe Java Apply does becausét doesnot have the communi-
cationoverheadf the IDBCinterfacewhenupdatingthetargetrow by row. Using
BatchUpdatesthe Jasa Apply canreducethe communicatioroverheadconsider
ably, achieving the sameperformanceasthe DPropRApply.

Table2: Replicationin a PushConfiguration DB2 to Oracle
Source | Tamet 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 the Pushconfigurationthe DPropRApply performsalot worse,sincethecom-
municationpaththroughDataJoinetto the Oracletagetis a lot longer The Java
Apply shavs aboutthe sameperformanceausingrow by row updatesBut the per
formancegain by the batchupdatesis even greater outperformingthe DPropR
Apply by almostanorderof magnitude.

In summaryusinganappropiate) DBCdriver, batchupdatesandminimizingcom-
municationpaths,the Java basedsolutioncanachiese the sameor in certainsce-
nariosmuchbetterperformancdghanthe DataJoiner/DataPropagatawlution.
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9 Summary and Future Work

With the fully functioning prototypeas a proof of concept,it hasbeenshavn

that it is feasibleto do cross-platform,cross-DBMSreplication by using Java
and JDBC as an interfaceto accessheterogeneoudatabases.In termsof per

formance,the Jara/JDBC solution may be at least as performantas the Data-
Joiner/DataPropagataplution. Using new technologiesike XML andXSL-T to

encapsulat®BMS dependentode,extensibility canbe improved, development
work andcodemaintenanceanbereduced.

9.1 Not Addressed Problems

Someproblemswere not addressedh the scopeof this paperandthe prototype.
Theseinclude:

e Multi-directional replicationand a conflict resolutionalgorithm have not
beensubjectof the prototype. Generally the DPropR methodsfor multi-
directionalDB2-DB2 replicationcould alsobe appliedin the proposecdet-
erogeneousolutionwithout majorchanges.

e Supportfor tamgettabletypeslike CCDs(consistenthangediata),Replica
etc. hasnotbeenimplemented.

9.2 FutureWork

Extensve researchin the field of accessindheterogeneousncluding non- rela-

tional, datasourceshasbeenperformedin the scopeof the Garlic projectat the

IBM AlmadenResearctCenter(See[13]). Garlic not only addressedatatrans-
formation,but alsodifferencesn thestructureof thedata(schemdransformation).
The resultof this paperandthe Garlic projectcould form a basisfor future work

in thefield of heterogeneoudatareplication.
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A Example XSL-T transformation

The exampleshaws the transformatiorof an abstractrigger definitionto DBMS
specificSQL-DDL statementsgin this caseSybaselsingan XSLT stylesheet.

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

<?xm version="1. 0" encodi ng="UTF-8"?>

<trigger>

<capture_trigger before_i mage="" ccd_name="CCD124028" ccd_owner =" phaase"
tabl e_nane="perforn' tabl e_owner="phaase">

<col um nane="1D"'><i nt eger/ ></ col um>

<col um nane="RL"><r eal / ></ col um>

<col um nane="CH'><char size="10"/></col um>

</ capture_trigger>

</trigger>

The Sybasestylesheetvould look like this (only the partfor the Inserttriggeris
shawn):

<?xm version="1.0"?>

<xsl :styl esheet xm ns:xsl="http://ww.w3. org/ 1999/ XSL/ Tr ansfornt version="1.0">

<xsl :tenplate natch="/trigger">

<xsl : appl y-t enpl at es/ >

</ xsl:tenpl ate>

<xsl:tenpl ate match="capture_trigger">

<st at enent s>

<st at enent >

CREATE TRI GGER <xsl : val ue- of sel ect =" @cd_owner"/>.1<xsl : val ue- of
sel ect =" @cd_name"/ >
ON <xsl :val ue-of sel ect="@abl e_owner"/>. <xsl : val ue- of sel ect="@ abl e_nane"/ >

FOR | NSERT AS

DECLARE @\EWSYNCH BI NARY( 10)

BEG N

SELECT @NEWSYNCH=( CONVERT (Bl NARY(10), ( CONVERT ( NUMERI C(20),

( SUBSTRI NG( CONVERT( CHAR(25), GETDATE(), 9), 8 , 4) +SUBSTRI NG CONVERT( CHAR(8),
GETDATE(), 2), 4 , 2) +SUBSTRI NG CONVERT(CHAR(8), GETDATE(), 2), 7, 2) +
SUBSTRI NG( CONVERT( CHAR(8), GETDATE(), 8), 1, 2) +SUBSTRI NG CONVERT(CHAR(8),
GETDATE(), 8), 4 , 2) +SUBSTRI NG CONVERT(CHAR(8), GETDATE(), 8), 7, 2)
+SUBSTRI NG( CONVERT( CHAR(25), CGETDATE(), 9), 22, 3))))))

I NSERT | NTO <xsl : val ue-of sel ect="@cd_owner"/>. <xsl : val ue- of
sel ect =" @cd_name"/ >

(<xsl:for-each sel ect="col um">
<xsl:if test="position()>1"> </xsl:if><xsl:val ue-of select="@ane"/>
</ xsl : for-each>
<xsl:if test="not(@efore_imge="")">
<xsl:for-each sel ect ="col um">, <xsl : val ue-of select="../ @efore_i nage"/>
<xsl : val ue- of sel ect =" @ane"/>
</ xsl : for-each></xsl :if>, | BVBNAP_COW TSEQ | BMSNAP_| NTENTSEQ
| BMSNAP_OPERATI ON, | BMSNAP_LOGVARKER) SELECT
<xsl : for-each sel ect="col um">
<xsl:if test="position()>1"> </xsl:if><xsl:val ue-of select="@ane"/>
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</ xsl : for-each>
<xsl:if test="not(@efore_imge="")">
<xsl : for-each sel ect="col um">, nul | </ xsl : for-each>
</ xsl:if> @NEWSYNCH, @NEWSYNCH,'1', GETDATE() FROM i nserted
END
</ st at enent >

</ st at enent s>
</ xsl:tenpl ate>
</ xsl:styl esheet >

TheresultafterthetransformatiorareSybasespecificSQL-DDL statement§again,
only thelnserttriggeris shavn):

<?xm version="1.0" encodi ng="UTF-8"?>

<st at enent s><st at ement >

CREATE TRI GGER phaase. | CCD124028
ON phaase. perform

FOR | NSERT AS

DECLARE @NEWSYNCH BI NARY( 10)

BEG N

SELECT @EWSYNCH=( CONVERT ( BI NARY(10), ( CONVERT ( NUMERI C(20),

( SUBSTRI NG( CONVERT( CHAR(25), GETDATE(), 9), 8 , 4) +SUBSTRI NG CONVERT( CHAR(8),
GETDATE(), 2), 4 , 2) +SUBSTRI NG CONVERT(CHAR(8), GETDATE(), 2), 7, 2) +
SUBSTRI NG( CONVERT( CHAR( 8), GETDATE(), 8), 1 , 2) +SUBSTRI NG CONVERT( CHAR(8),
GETDATE(), 8), 4 , 2) +SUBSTRI NG{ CONVERT(CHAR(8), GETDATE(), 8), 7, 2)
+SUBSTRI NG( CONVERT( CHAR(25), CETDATE(), 9), 22, 3))))))

I NSERT | NTO phaase. CCD124028

(1D, RL, CH
, | BMBNAP_COWM TSEQ, | BMSNAP_I NTENTSEQ,
| BMSNAP_OPERATI ON, | BMSNAP_LOGVARKER) SELECT
I D, RL, CH
, @NEWSYNCH, @\NEWSYNCH, ' |’ , GETDATE() FROM i nserted
END
</ st at enent >

</ st at enent s>
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