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Abstract

Traditionally, databasesysteméavebeenevaluatedin isolationon
thebasisof standadizedbendmarks(e.g., Wisconsin,TPC-C, TPC-
D). We arguethat very oftensud a performanceanalysisdoesnot
reflectthe actual useof the DBMSsin the “r eal world” Enduses
typicallydon't access stand-alonelatabasesystemratherthey use
a compehensiveapplicationsystemjn which the databasesystem
constitutesn integratedcomponentin order to deriveperformance
evaluationsof practical relevanceto the end uses, the application
systenincludingthe databasesystenhasto bebendmarled. In this
paper we presentTPC-D bentimark resultscarried out usingthe
SAPR/3systeman integratedbusinessadministation system Like
manyother applicationsystems$SAPR/3is basedon a commecial
relational databasesystem. We compae the SAP R/3 bendhimark
results with TPC-D results of an isolated databasesystem,the
databaseproductthat servedas SAPR/3’s badk-end.

1 Introduction

Databaseperformancds typically evaluatedby executinga
standardor de-facto standardoenchmarldirectly on aniso-
lated databasesystem. Examplesfor this kind of method-
ology are the results obtained by the Wisconsin Bench-
mark [BDT83], the TPC benchmarkesultsreportedby var-
ious databasgand hardware) vendors,andthe resultscom-
piledin thebenchmarkhandbooGra93. Suchanapproach
is veryusefulfor comparingdifferentdatabaseystemsr par
ticular componentsf databasesystemsHowever, theresults
derivedby suchtestsdo notreflecttheperformancehatauser
of a databasesystemcan expectin real world applications.
Mostusersdo notuseanisolateddatabassystemyatherthey
employ anapplicationsystemwith anintegrateddatabassys-
tem. Thedatais notaccessedirectly via the databassystem
interface(e.g., SQL) but rathervia the predefinednterfaces
of the applicationsystem. The applicationsystemsubstan-
tially augmentghe functionality of the databassystemsand

is tailoredto the particularapplicationdomainof the users.

The purposeof this paperis to make a first steptowards
gettingbenchmarkesultsthat directly meetthe expectations
of endusers.In thispaperwe studythedatabasgerformance
of SAPR/3 usingthe TPC-Dbenchmark SAPis the market
leaderfor integrated businessadministrationsystems,and
its SAP R/3 productis a comprehensie software system
which integratesmodulesfor finance,materialmanagement,
salesand distribution, etc. The TPC-D benchmarkis a
standarcbenchmarlfor decisionsupportqueriesin business
ervironments.The TPC-D benchmarkwvasinitially designed
to studythe performancef databassystemsn isolation,but
the queriesof the TPC-D benchmarkare examplesfor the
kind of queriesthat SAP R/3 userswould ask,andtherefore
the benchmarkcan be implementedusing SAP R/3. SAP
R/3 usesa corventionalrelationaldatabaseystemas back-
end,andit is possibleto chooseamongseveral commercial
systemswhen installing SAP R/3 (e.g., ADABAS, DB2,
Informix, Oracle,SQL Sener). To studySAP R/3’s database
performancewe implementedhe TPC-Dbenchmarkn SAP
and comparedhe resultswith thoseobtainedfrom running
the benchmarldirectly on the databasasystemthatwe chose
to usein our SAP R/3 installation. Whatwe hopeto achieve
is thefollowing:

1. Encouragedatabasdgand hardware) vendorsto do the
sameas we did and measurethe performanceof their
systemin conjunctionwith very popular widely used
applicationsystemssuch as SAP R/3. This will help
endusersto choosehe mostappropriatadatabaseystem
andhardwareplatformfor their particularapplicationsand
workloads. As our performanceesultsindicate, it is not
easily possibleto deducefrom the (isolated)benchmark
resultscurrentlypublishedby database@endorsheactual
performanceobsened by SAP R/3 usersso that today
usersmust often guesshow well a particular database
systemwould performfor their specifictargetapplication.

2. Give someinsightinto how anapplicationsystemsuchas
SAP R/3interfaceswith a databasenanagementystem.
As will becomeclear application systemssometimes
breakdown a userqueryinto several partsandpasssome
parts(e.qg.,joins)down to thedatabaseystemandexecute



other parts(e.g., aggrgations)themseles; furthermore,
applicationsystemssometimedranslatequeriesin such
a way that makesit impossiblefor the optimizer of the
databasemanagemensystemto find a good execution
plan for the query Studying these effects will help
developersof databasesystemsto judge whethera new
featureof their systemis really helpful to improve the
performancef applicationsandit will alsobehelpfulfor
developersof applicationsystemso improve their query
processorsn order to take betteradvantageof today's
databaséechnology

3. Give performanceesultsthatindicatethe potentialbene-
fits andcostsof a datawarehousdor SAP R/3. This will
againbeinterestingfor endusersandcompanieghatuse
SAP R/3. Suchcompanieswill definitely use SAP R/3
for their onlinetransactiomprocessingbut they will need
to decidewhetherthey wantto usethe operationalSAP
databaser constructa datawarehousdor decisionsup-
port.

The remainderof this paperis organizedas follows:
Section2, gives a generaloverview of the mostimportant
featuresandcharacteristicef SAPR/3. Section3 presentshe
TPC-Dbenchmarkesults;it describesiow we implemented
the TPC-D benchmarlkusing SAP R/3 anddiscussegamong
others)theresultsof the TPC-D powertestfor SAP R/3. We
measuredwo differentversionsof SAPR/3,2.2Gand3.0E,

becausdothversionsarecurrentlyusedby mary companies.

Version3.0extendsthefunctionalityof Version2.2 makingit
possibleto achieve significantlybetterperformancen mary
situations;aswe will see however, it is not easilypossibleto
upgradean existing 2.2 installationand immediatelybenefit
from the extensionsof Version3.0. Section4 analyzeshe
couplingof SAP R/3 with the databaseystemin moredetail
by evaluatingsimplequeriesthatisolatecertainarchitectural
effects. Section5 presentexperimentshatwe conductedn
orderto determinethe coststo extractdatafrom SAP R/3 to
build a datawarehouseSection6 concludeghis paper

2 Oveview of SAP R/3

SAPR/3is themarketleaderfor integratedbusinessadminis-
trationsystemslt integratesall businesgprocessesf acom-
pary andprovidesmodulegfor finance humanresourcesmna-
terialmanagemengtc. SAPR/3is basedn a (secondoarty)
relationaldatabaseystemwhich senesasanintegrationplat-
form for all componentof SAP R/3. The databaseystem
manageshe SAP databasavhich storesall businessdataof
a compary (e.g.,customerand supplierinformation, orders,
...), all of SAP R/3-internalcontrol data,an SAP R/3 data
dictionary andthe codeof all applicationprogramsVirtually
nodataarestoredoutsidethis SAPdatabasaherebyavoiding
theuseof afile system.

Describingthe whole systemin detailis beyondthe scope
of this paper In thefollowing, we will focusonthe properties
of SAP R/3 which arerelevant for the executionof decision
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Figurel: Three-Tier Client/Serer-Architectureof SAPR/3

supportqueries: SAP R/3’s overall architecture,database
schemaguerylanguageandotherspecialfeatures.We will
alsohighlightthe majordifferencedetweerRelease®.2and
3.0 (the two different versionsof SAP R/3 studiesin this

paper).

2.1 Architectureof SAP R/3

SAP R/3 [WHSH96, BEG9q is basedon a three-tiercli-
ent/serer-architecturewith the following layers (see Fig-
urel):

1. The presentationlayer.
interface(GUI).

It provides a graphical user

2. The applicationlayer. It compriseshe businessadmin-
istration “know-how” of the system. It processegpre-
defined and userdefinedapplicationprogramsfor, say
OLTP anddecisionsupport.

3. Thedatabaséayer It is implementedn top of a(second
party) commerciadatabas@roductthat storesall dataof
thesystemasdescribedabore.

In a small compary that uses SAP R/3, the application
seners and the databasesystemcould be installed on the
samemiddle-rangemachineand userswould enterbusiness
transactionsor issue decision support queriesusing their
PCs. Sucha configuration however, is not practicalfor large
companiesvith a very high volume of dataandtransactions.
In suchcompaniesall applicationseners andthe database
systemwould be installed on separatededicatedmachines.
To this end, SAP R/3 has beenportedto a large variety
of hardware and operatingsystemplatforms,andit is also
operationabn anumberof commerciaRDBMSs.

2.2 DataModel and Schema of SAP R/3

SAP R/3is a comprehensie andhighly genericbusinessap-
plication systemthat wasdesignedor companief various
organizationaktructuresanddifferentlines of businesge.g.,
production,retailing, ...). This genericityand comprehen-
sivenessresultedin a very large compaly datamodel with



over 8100logical tablesin Version2.2 and 10055tablesin
Version3.0 of our “vanilla” configurationof SAP R/3. To
managethe metadata(e.g., typesandinterrelationshipspf
theseables SAPR/3 maintaindts own datadictionarywhich
is (like all otherdata)storedin SAP’s relationaldatabasend
which canbeusedby SAP applicationprograms.

There are three different kinds of (logical) SAP tables;
they differ in the way they are mappedto (physical)tables
of the RDBMS. So-callediranspaenttablesaremappedl:1
onto RDBMS tables. They areregisteredin the RDBMS'’s
schemaandcanbe accessedirectly on the RDBMS without
using SAP R/3’s queryinterfaces. While it might be (under
certaincircumstancespracticalto readthesetablesdirectly
from the RDBMS, it is not reasonabléo updatethesetables
without consultingSAP R/3’s applicationprogramsbecause,
in general,the user cannotanticipatehow SAP R/3 would
propagatesuchupdatego other SAP tablesin orderto keep
thedatabasé aconsistenstate.

The othertwo kinds of SAP tablesare so-calledpool and
clustertables.Several SAPpooltablesarebundledandstored
in a singletableof the RDBMS; every tuple of this RDBMS
table correspondso a logical tuple of one of the SAP pool
tables. SAP clustertablesare also bundled; here,SAP R/3
aimsat storinglogically relatedtuplesinto a singletuple of
the RDBMS table: it is possibleto bundletuplesof several
differentSAP tables,andit is alsopossibleto bundleseveral
tuplesof a singleclustertableinto onetuple of an RDBMS
table.In ary casethebundlingof tuplesandrelationsmakes
it impossibleto accesgpool andclustertablesdirectly on the
RDBMS. Poolandclustertablesare,therefore gncapsulated
by SAPR/3: they canonly beaccessedsingSAPR/3’squery
interfacesbecauseaccesdo thesetablesrequiresretrieving
decodingnformationstoredin SAP’s datadictionary

It seemsthat encapsulatedablesare “remains” of times
whenthefunctionalityandperformancef relationaldatabase
productsvasinsufiicientfor the specificrequirementsf SAP
R/3. Nowadays, SAP pursuesthe stratgy to move more
and more datainto transparentablesbecause—asve will
see—transparetdblescanbe accessedoreefficiently than
encapsulatedables. This trendis reflectedby the schema
differenceshetweenSAP’s Release®.2 and3.0. In Release
2.2,about63000f the 8100 SAP tablesare pool andcluster
tableswhereadn Release3.0, only 2370 of the 10055SAP
tablesare encapsulatedFurthermore SAP R/3 allows users
to corvert ary pool andclustertableinto a transparentable
in Release3.0,whereasn Release&.2only pooltablescanbe
corvertedinto transparentables.

In additionto SAP’s pre-definedelations,userscandefine
views. Theseviews can,for example,simplify the formula-
tion of (business)queries. Like transparentables,an SAP
view is mappedL:1to anRDBMS view.

2.3 ABAP/4

Applicationsof theSAPR/3 systemarecodedn theprogram-
ming language ABAP/4 (Advanced BusinessApplication
ProgrammingLanguage]Mat96]. Exceptfor asmallkernel,
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Figure2: Databasénterfaceof ABAP/4

actuallythe entire R/3 systemis codedin ABAP/4. ABAP/4
is a so-calledFourth GeneratiorLanguagg4GL) whoseori-
gins canbe found in report/applicatiorgeneratolanguages.
For this reason, ABAP/4 programsare often called reports.
In the courseof the R/3 evolution, ABAP/4 wasaugmented
with proceduratonstructsn orderto facilitatethe codingof
more comple businessapplicationprograms. For example,
ABAP/4 containslanguageconstructsto programso-called
“Dynpros” which are dialog programswith a graphicaluser
interfaceincludingthelogic for validatingandprocessingiser
entries.

ABAP/4 is an interpretedanguage which malkesit very
easyto integratenew ABAP/4 applicationprogramsinto the
system Likeordinarydata,all ABAP/4 applicationprograms
aremanagedy the R/3 datadictionaryandtheprogramcode
is storedin the SAP database.

As sketchedin Figure2, ABAP/4 providescommandghat
allow to accessthe databasevia two different interfaces:
Native SQL and Open SQL The Native SQL interface can
be addressethy so-calledEXEC SQL commands.It allows
the userto accesghe SAP databasalirectly without using
the SAP-internaldata dictionary The adwantageis, that
the databasesystem-specifigpropertiesand services(e.g.,
non-standardSQL statements)can be fully exploited and
additionaloverheadby SAP R/3 is avoided. However, using
the Native SQL interface incurs some severe dravbacks:
(1) The EXEC SQL commandsmay be databasesystem-
specificwhich rendersnon-portableABAP/4 programs. (2)
By circumwenting the SAP-internaldata dictionary EXEC
SQL commandscannotaccessencapsulatedelations. (3)
Native SQL reports are potentially unsafe becauseNative
SQLdirectlyreadsdatabaseelations andtheimplementoiof
aNative SQL reportmightoverlookintrinsicbusinesgprocess
interpretationswvhich are otherwisecarriedout implicitly by
SAPR/3'sapplicationprogramsthatis, bypassingsAPR/3’s



datadictionaryrequiresexpertknowledgeabouttherulesand
dependenciesf the system.
SafeandportableABAP/4reportscanbewritten by relying
exclusively on ABAP/4’s Open SQL commands. In Open
SQLreportsaccesso tablesor viewsof theSAPdatabasean
becodedusingtwo verysimilar ABAP/4 SELECFconstructs:

SELECT (attributelist) SELECTSINGLE (attributelist)
FROM (onetable FROM (onetablée

WHERE (predicate WHERE (uniquepredicaté
... processurrenttuple . procesgheonlytuple
ENDSELECT

ThebasicSELECTcommandacceptary kind of predicate
in its WHERE-clauseThe SELECTSINGLE commandpn
the otherhand,requirespredicate®n uniquefields of atable
sothatat mostonetuple qualifiesandis returnedfor further
processing.

Query Facilities of R/3 Release 2.2 In Release2.2, both
SELECT commandsare restrictedto a single SAP table or
view. Thatis, unlessa (join-)view is defined, it is not
possibleto implicitly describeajoin, asis possiblen SQL by
referencingseveralrelationsin the FROM-clause.Joinviews
canonly beformulatedovertransparentablesandonly along
primarykey/foreignkey relationships.

To evaluatea generaljoin within the OpenSQL interface,
theimplementohasto codean ABAP/4 programwith nested
SELECT. . .ENDSELECTor SELECTSINGLE loops. This
is demonstrateth thefollowing programfragment:

SELECT((attributelist)
FROM (outertable
WHERE (simplepredicaté.
SELECT (attributelist)
FROM (innertablée
WHERE (join predicaté.
. processingf the currentinner (andouter)tuple
ENDSELECT
... processingfthecurrentoutertuple
ENDSELECT

Sucha programevaluatesthe join of the tables,without
making useof the join methodsof the underlyingdatabase
system.In essenceit correspond$o an (index) nestedoops
join with the additionaloverheadof “crossing”the interface
betweendatabasesystemand ABAP/4 programfor every
tuple of the outerrelationin orderto find the matchingtuples
of theinnerrelation.

Furthermoregroupingsandaggreationscannotbeincor
poratedinto the OpenSQL SELECT statement®f Release
2.2. As a consequencegll groupingsandaggreyationshave
to be performedby the SAP system therebypossiblytrans-
ferring hugeamountsof datafrom the RDBMS to the SAP
system.

Extended Query Facilities of R/3 Release 3.0 Very re-
cently, SAP hasincorporatedoins into their OpenSQL in-
terface.A join queryis formulatedasfollows:

SELECT(attributelist)
FROM (tablel JOIN (table2

ON (join predicaté¢
WHERE (predicatg.

It is even possibleto specifyleft outerjoins in this SQL92-
style syntax. However, usersof SAP R/3 cannotyet usethis
featurebecausaot all RDBMSssupportouterjoins.

SAP hasalsoincorporatedgroupingand simple aggreja-
tioninto theOpenSQL SELECTstatementsThejoin, group-
ing and aggreyationoperationswithin a SELECT statement
are delegatedto the underlying RDBMS. Therefore,these
operationscan benefitfrom the RDBMS's join and groupby
methods but they canonly be appliedon transparentables
andnoton poolandclustertables.

Unfortunately it is only possibleto implement simple
aggrejationsonasingleattributeof atablewith thenew Open
SQL constructor aggreations;for example,anaggreation
cannotcontainan arithmeticexpressiorwhich is neededfor
example to total thediscountegrice of orders.

Optimization Featuresof SAP R/3  To optimizequerypro-
cessing SAP R/3 implementswo techniquesvhich take ef-
fectif the OpenSQL interfaceis used: (1) Cursor caching
which reduceghe overheadof callsto the RDBMS by using
thesamecursorfor, say all thequerieghatretrievethematch-
ing tuplesof theinnerrelationin anestedSELECTstatement
of aVersion2.2 OpenSQL report. Cursorcachingis possible
becausanostdatabasesystemsallow parameterizedjueries
and provide a cursorREOPENcommandin their API. (2)
Cadingdatain SAPR/3 applicationsenersin orderto avoid
callsto theRDBMS altogethe(cf. Figure2). For cachingthe
typicaltradeofs betweerreadandupdatefrequeng apply;in
addition, SAP R/3 doesnot fully guaranteeachecoherenyg
in a distributed ernvironmentas updatesare only propagated
periodically

Also, ABAP/4 allows the materializationof queryresults
in internal(i.e., temporary}ablesin orderto usethis datafor
further processing For example,it is possibleto materialize
the inner relation of a nested-loop$oin of a 2.2 OpenSQL
reportandavoid repeatedtallsto the RDBMS thisway. It is,
however, not possibleto defineindexeson temporarytables.

2.4 Batch Input

In addition to queries, we also studied the performance
of data manipulation operations. Typically, users enter
transactionge.g.,new orders)interactively using SAP R/3’s

GUI. To insert (or deleteor manipulate)large volumesof

dataSAP R/3 providesa so-calledbatch-input facility. The

procedure®f this facility readdatarecordsfrom an external

file and“simulate” aninteractve entry of data. In particular

the batch-inputproceduresnvoke all SAP R/3 application
programsthat interpret and check the consisteng of the

input data. Therefore,the batch-inputfacility was an ideal

mechanismto study the performanceof data manipulation
operationsn SAPR/3.



2.5 DataWarehousingwith SAP'SEIS

SAP offers a product called Executivelnformation System
(EIS) which is designedior evaluatingcomple, predefined
queries.ThisproductusesadatawarehousepproaciFS9q;
i.e., the information is extracted from the SAP database
and insertedinto separatedata structures. The advantage
of this approachis that the datacan be pre-processeée.qg.,
aggreated)into a specializedormatandparticularoperators
(like the datacube[GBLP9§) canbeusedto querythedata.
Thedisadwantages thatthe datahasto be extractedfrom the
SAP databaseising SAP R/3’s queryinterfaces(i.e., Native
or OpenSQL). In Section5 we reporton experimentsthat
measurehe costsof this dataextraction.

3 Benchmarking SAP R/3with TPC-D

This sectionpresentsesultsof performancexperimentswith
the TPC-D benchmark. We have implementedthe TPC-D
benchmarkin SAP R/3 using both Native SQL and Open
SQL:first usingthelimited featureof Releas®.2Gandafter
upgradingour installation, also using the extendedfeatures
of Release3.0E.For comparisonwe have alsoimplemented
the TPC-D benchmarkdirectly on a commercialRDBMS
using (standard)SQL. Before presentingthe results, we
will briefly describethe TPC-D benchmark,and how we
implementedt in SAP R/3. SAP hasalsodesignedts own
set of benchmarkdLM95]; we use TPC-D becauset is a
standardenchmarkvidely knownin thedatabaseommunity
andbecausehe purposeof the SAP benchmarkss to study
OLTP-stylebusinesgrocessege.g., generatiorof invoices)
ratherthancomplex decisionsupportqueries.

3.1 Overview of the TPC-D Benchmark

The TPC-D benchmarkwas designedto evaluaterelational
databasesystemsfor Decision Supportin business-oriented
applications[TPC95. The benchmarkdatabasehas eight
tables:REGION,NATION, SUPPLIER,PART, PARTSUPPR
CUSTOMER, ORDER, and LINEITEM. The benchmark
takesa scalingfactor asparametewhich determinesghe size
of thetables;in all our experimentsyve setthis scalingfactor
to 0.2sothatthetwo largesttables ORDERandLINEITEM,
had300,000and1.2 million tuples.

In additionto the databasethe TPC-D benchmarldefines
17 queriesand2 updatefunctions. In this study we choseto
carryoutthe TPC-D power testwhich specifiego executeall
queriesandupdatefunctionsoneat a time andmeasureheir
runningtime individually.! The TPC-D queriesand update
functions test a variety of featuresof a databasesystem.
The query suite, for example, rangesfrom a simple single-
table queryto a complec eight-way join query The update
functionscarry out insert aswell asdeleteoperations. The

IThereis also a TPC-D throughputtest which allows the concurrent
executionof queriesand updatefunctions. Sincewe wereinterestedn the
basic query processingmechanismof SAP R/3, we concentratedn the
simplerTPC-Dpower test.

entire benchmarkis motivated and describedin full detail
in [TPC95.

3.2 Implementing the TPC-D Benchmark in SAP R/3

SAP R/3is capableof managinghe dataof severalbusiness
clients (also called businesaunits or mandatory)of a multi-
nationalcompary. To implementthe TPC-D benchmarkin
SAP R/3, we createda new businessclient called TPC-D
Inc. When a new businessclient is createdin SAP R/3,
SAP R/3 implicitly createsa new (logical) SAP database,
andit is possibleto insert,say customer supplier or order
information for that businessclient into SAP’s pre-defined
databas¢ables.For the purposeof our experimentswe were
abletoloadall the TPC-Ddatainto thosestandargre-defined
tables,and then implementthe TPC-D queriesand update
functionsusing Native SQL, OpenSQL, and SAP’s batch-
inputfacility asdescribedn Section2.3and2.4.

Tablel givesa shortcharacterizatiowf thoseof the more
than 8000 pre-definedSAP tableswhich were actually used
to storethe TPC-Ddata.lt becomespparenthatthe original
TPC-Dtablesarevertically partitionedin SAPR/3: the TPC-
D recordsare storedin a total of 17 ratherthan eight SAP
tables.Sucha partitioningis necessaryo take mary practical
issuesf businessapplicationgnto account.For example,all
text fields suchas commentsand descriptionsare storedin
separatdablesin orderto storeexplanatorytext in different
languagesat the sametime. (Keepin mind that SAP R/3
wasdesignedisaglobalapplicationsystenfor multi-national
enterprises.)

SAP Table | Description Orig. TPC-D Tab.
TO05 Country:generainfo NATION

TOO5T Country:Names NATION

TOO5U Regions REGION

MARA Parts:generainfo PART

MAKT Parts:description PART

A004 Parts:terms PART

KONP Terms:positions PART

LFAL Supplier:generainfo SUPPLIER

EINA Part-Suppliergenerainfo | PARTSUPP
EINE Part-Supplierterms PARTSUPP
AUSP properties PART, SUPRPARTS
KNA1 Customergenerainfo CUSTOMER
VBAK Order:generalinfo ORDER

VBAP Lineitem: position LINEITEM
VBEP Lineitem:terms LINEITEM
KONV PricingTerms LINEITEM

STXL Text of comments all

Tablel: SAP Tablesusedin the TPC-DBenchmark

Of the 17 SAP tablesthat are usedin the TPC-D bench-

mark, SAP R/3 encapsulateby default the AOO4and KONV
tables(A004 is a pool table and KONV is a clustertable).
KONV, for example,is usedin mary TPC-D queriesbecause
it recordsthe discountandtax of alineitem. While we could



not corvert the KONV table into a transparentable in our
2.2G installation,we did corvertit in our 3.0E installation
becauseasstatedin Section2.3, encapsulatethblessuchas
the KONV canonly bereadusingOpenSQL commandsand
queriesnvolving encapsulatethblesoftenshow poorperfor
mance. The other 16 tablesusedin our TPC-D experiments
wereidenticalin our2.2and3.0 configurations.

In orderto avoid the partitioning of dataand completely
avoid theuseof encapsulatethbles,it would, of coursehave
beenpossibleto extend the SAP schemaand createa new

SAP table for every table of the original TPC-D database.

The purposeof this study however, wasto storethe business
dataof the TPC-D benchmarkin the sameway as, say a

wholesalemwould do in the “real world” in orderto measure
the“real” dataprocessingerformancef SAPR/3.

3.3 Detailsof the Experimental Environment

As mentionedearlier we carriedout the TPC-D power-test
using Releases2.2G and 3.0E of SAP R/3 becauseboth
releasesare widely usedtoday and becausea comparison
of the results showns the benefitsthat usersof 2.2G can
achieve by upgradingtheir systemandrewriting their reports
to exploit the extensionsprovided by 3.0E. For both setsof
experiments,the test ervironmentwas essentiallythe same
(with minor exceptions). The whole packageof SAP R/3
andrelationaldatabassystemwasinstalledona SunSFARC
station 20/612MP with two 60 MHz microprocessorand
192 MB main memory The systemsoftware and the test
databasavere storedon four 4 GB SeagateST15230Ndisk
drives. The operatingsystemwasSolaris2.5. As partof the
upgradefrom Version2.2Gto 3.0E,we alsohadto upgrade
the hardwareto 256 MB main memoryandfive disk drives.
Although possible,we did not use dedicatedmachinesfor
SAP R/3 and the databasemanagemensystemin ary of
our experimentdbecausave wantedto avoid communication
costsand interferencewith other usersof the network and
becauseve only considereadhe TPC-D power testin which
no benefitsfrom the use of more than one machinecan be
obtainedsinceall queriesand updatefunctionsare executed
oneatatime.

We installedandconfiguredthe relationaldatabasesystem
as part of the regular SAP R/3 installation proceduré. It
should be notedthat by default SAP R/3 turns off several
optimizationfeaturesof the RDBMS—probabljbecause¢hey
are not usefulfor the kind of workloadsinitially ervisioned
by the developersof SAP R/3. We partially turnedthese
optimization features back on becausethey significantly
improvedtherunningtime of the TPC-D queries.In general,
however, we tried not to changeary parameterof SAP’s
default configuration. In particulay SAP R/3 allocates
by default 10 MB of main memory for the buffer of the
RDBMS, and reseres the remainingmain memory for its
own processesye did not changethis parameteandcarried

2Becausef ourlicenseagreementye arenotallovedto publishthename
of thevendoranddetailsof the RDBMS.

out all experimentswith 10 MB of databaséuffer even if
we ran queriesdirectly on the RDBMS and the SAP R/3
processewereidle.

We carriedout the TPC-D power testfollowing the execu-
tion rulesof the TPC-Dbenchmarlspecificatiorf TPC95. In
particular we validatedthe correctnessf theimplementation
of all our programausinga TPC-Dtestdatabasevith scaling
factor0.1, andwe executedthe queriesand updatefunctions
in the orderspecifiedby the TPC-D powertest.

3.4 Resaults
3.4.1 Sizeof the Database

As statedabove, we performedall our experimentsusing a
TPC-D databaseavith scalingfactor SF=0.2. We generated
the recordsof this databaseisingthe DBGEN tool provided
by TPC. For SF=0.2,the DBGEN tool generatesan ASCI|
file of about200 MB. We loadedthe recordsof this ASCII
file into the SAPdatabasef our TPC-DInc (atthetime using
version2.2G),andfor comparisonywe alsoloadedtherecords
directlyinto the RDBMS (withoutusingSAPR/3) in orderto
createanoriginal TPC-D databaséi.e., with eighttablesfor
REGION,NATION, etc.).

Table 2 shows the size of the resultingSAP and original
TPC-D databases.Th8AP databaséasabout10 timesthe
size of the original TPC-D databasdor the following three
reasons: (1) As mentionedearlier the SAP databaseis
stronglypartitionedin orderto supportspecificrequirements
of businessapplications. (2) For a similar reasonthe SAP
tablescontain mary fields which are not accountedfor in
the TPC-D benchmarkijn our experimentsthesefieldswere
implicitly givendefaultvaluesby SAPR/3. (3) SAPR/3uses
16 Byte stringsratherthan4 Byte integers to represenkey
attributessuchas,say orderkey.

Original TPC-D DB | SAP DB (Version 2.2)
Data | Indexes Data | Indexes
REGION 16 0 320 400
NATION 16 0 400 400
SUPPLIER 451 120 2.127 1.884
PART 6.144 1.792 79.485 83.525
PARTSUPP 32.310 5.275 102.045 44.455
CUSTOMER 7.929 1.463 37.805 26.355
ORDER 52.578 21.312 399.190 125.243
LINEITEM 171.704 72.860| 2.191.844| 558.746
[ Total [ 271.139] 102.822] 2.813.216] 841.008|

Table2: DB Sizesin KB: Original TPC-DDB andSAP DB

In additionto the raw data, Table 2 also shaws the space
requiredto storethe indexesthat aredefinedfor the original
TPC-D DB and SAP DB. Although both databasebave an
equivalentsetof indexes,the SAPindexesrequireeighttimes
asmuchspace.Again, the increasedtorageconsumptiorof
SAP R/3is dueto the strongvertical datapartitioningwhich
resultsin a large numberof primary key indexesandin the
useof stringsinsteadof integerswhichresultsin anincreased



sizeof everyindividualindex.

The upgradeto Release3.0E inflatedthe size of the SAP
databaseby another10%. (The 3.0E databaseancluding
indexes consumesabout4 GB). Most of this increasewas
dueto thecorversionof the KONV tablewhich tripledits size
from about200MB to about600MB.

3.4.2 Loadingthe SAP Database

Table3 shavshow longit tookto loadthe SAPdatabasesing
version2.2G. As statedn Section2.4,SAP providesa batch-
inputfacility for this purposeandwe usedthisfacility to load
the recordsof six out of the eight TPC-D tables. We typed
in the datafor REGION and NATION interactvely because
theseableswerevery small(5 and25records)andtherefore,
do not list loadingtimesfor thesetwo tables. ORDERsand
their LINEITEMs can only be loadedjointly into the SAP
databaseso Table3 lists only oneentryfor thesetwo tables.

| | Loading Time

REGION —
NATION —
SUPPLIER 18m
PART 15h56m
PARTSUPP 30h24m
CUSTOMER 7h33m
ORDER+LINEITEM 25d19h55m

Table3: Loadingthe SAP Database
Two ParallelBatch-InputProcesses

In our hardware configuration,it was possibleto tunethe
loadingof the databaséy runningtwo batch-inputprocesses
thatloadedrecordsin parallel. Neverthelessit took abouta
monthto load the whole SAP databasdincluding indexes).
This extremely high loading time can be explained since
SAP R/3 carriesout consisteng checksfor every record of
the batch-inputindividually. Theseconsisteng checksare
very expensve, andasanotherconsequenceAP insertsthe
recordsatupleatatimeinto thedatabasanddoesnotexploit
thebulk loadinginterfaceof the RDBMS.

Wedid nothaveto re-loadthedatabaséor the3.0Eupgrade
sowe do not know how long it takesto load a databasen
that version. In additionto backups,preparationsetc., the
upgradeitself with somedatabas&eoiganizationtook about
two weeksin which the systemwas not operationaland in
which SAP R/3 upgradeoutineswereconstantlyactive.

34.3 TPC-D Power Test (Release 2.2G)

Table 4 shows the resultsof the TPC-D power test using
SAPR/3 Release.2G. Thetablecontainstherunningtimes
of Open SQL and Native SQL on the SAP databaseand,
asa baselineof the isolatedRDBMS on the original TPC-
D database.Looking at the query performanceonly (Q1-
Q17), the total running time of the Native SQL reportsis
aboutfour timesashigh asthatof theisolatedRDBMS. The
most prominentreasonfor this is the strong partitioning of

the datain the SAP databasejfor example, Query 1 is a
single-tablequeryin the original TPC-D DB whereast is a
5-way join queryin the SAP DB. In part, Native SQL also
performspoorly becauseéhe KONV tableis an encapsulated
tableandseveral queriescannotbe fully pusheddown to the
RDBMS; insteadthesequeriesare broken down and joins
with the KONV tableareimplementedisingnestedSELECT
statementandthusare evaluatedat higher costby the SAP
applicationsener (seeSection2.3).

In Releas®.2G,pureOpenSQL reportsshaw significantly
worseperformancehanthe Native SQL reports. Thereason
for this is quite simple: in additionto joins with the KONV
table,several otherjoins andaggreyationshadto be executed
by the SAP applicationsener resultingin particularly poor
performanceor queriesQ3, Q6, Q9, andQ12. Recallthat
using the Open SQL interfacein Release2.2G, joins can
only be pusheddown to the databasesystemby the means
of defining appropriatgoin views. We madeextensie use
of this feature;however, it wasnot alwayspossibleto define
join views in SAP R/3 becausegoin views could only be
definedon transparentablesandonly alongprimary/foreign
key relationships.

It shouldbe notedthat throughouttheseexperimentswe
tried to implementall queriesandreportsin the bestpossible
way. This involved a significantamountof manualtuning
becausefor example,the optimizerof the RDBMS did not
alwaysautomaticallygeneratean acceptableueryexecution
planin all threeimplementatiorstrateies.

Turning to the running times of the TPC-D updatefunc-
tions: In bothSAPvariantswe implementedheupdatefunc-
tions using SAP R/3’s batch-inputfacility so that thesetwo
variantsshaw virtually identicalperformance.As studiedin
theprevioussubsectior{Table3), SAPR/3 carriesout expen-
sive, tuple-level consisteng checksso thatthe runningtime
of SAP’s batch-inputis significantlyhigherthanthe running
time of aprogramthatdirectly inserts/deletesiplesinto/from
thedatabase.

344 TPC-D Power Test (Release 3.0E)

Table 5 shaws the resultsof the TPC-D power test using
SAP R/3 Release3.0E. As stated before, the upgrade
involveda slight upgradeof our hardwareandsomedatabase
reomganization,andit alsoinvolved upgradingthe RDBMS.
As a result, the performanceof the isolated RDBMS was
slightly betterin our 3.0 thanin our 2.2 experiments. After
the upgradewe furthermoredeletedoneindex (theindex on
shipdateof lineitem3 that SAP R/3 createsby default, but
which was counterproductie to executethe TPC-D power
testin our 3.0 configuration. Despiteall thesechangeswe
are corvinced that the 3.0E numbersshavn in Table 5 are
directly comparablgo the 2.2G numbersshavn in Table 4
andthedifferencesn performanceremostlydueto the new
featuresof Release3.0E; i.e., the extensionsto the Open
SQL interfaceandmakingit possibleto corvert KONV into a
transparentable. To take advantageof thesefeaturesyve had
to completelyre-codeand re-tuneall our Native and Open



Query RDBM S Native SQL | Open SQL Query RDBM S Native SQL | Open SQL

Update (TPCD-DB) | (SAPDB) (SAP DB) Update (TPCD-DB) | (SAPDB) (SAP DB)

Q1 5ml7s| 2h14mb56s| 2h15m33s Q1 6m09s 58m59s 56m18s
Q2 34s 1m16s 3m19s Q2 53s 3mQ09s 34s
Q3 5mb55s 19m42s| 3h12m57s Q3 4mO03s 9ImO02s 11m51s
Q4 3mO01s 7m12s 8m31ls Q4 1m45s 6m18s 6m 38s
Q5 21m13s 22mO05s| 1h08m22s Q5 6m39s 14m42s 37m27s
Q6 1m18s 8m22s 10m52s Q6 1m20s 7m28s 14m06s
Q7 5mO02s 39m13s 38m31s Q7 9m03s 23mO05s 29m24s
Q8 2mdds 16mO02s 28m26s Q8 1mb54s 19mO04s 16m37s
Q9 9m14s 36m06s| 2h31m36s Q9 8m42s 31m33s| 1h7ml4s
Q10 5mO00s 22m42s 25m4ls Q10 5m18s 33mO06s 57m49s
Q11 5s 2mO02s 1m55s Q11 5s 4m37s 2m23s
Q12 2m59s 36m35s| 1h17m25s Q12 3m15s 9m48s 9m 36s
Q13 8s 21s 23s Q13 8s 19s 25s
Q14 5mO01s 9m13s 11m27s Q14 6m23s 10m25s 21m54s
Q15 3m46s 12m24s 19m18s Q15 3m25s 13m51s 28m31s
Q16 15mO00s 8m56s 8m29s Q16 13m24s 3m16s 3m22s
Q17 14s 9m12s 12mQ7s Q17 11s 1m50s 2m13s
UF1 1m59s 44m26s 44m26s UF1 1m40s| 1h46mb54s| 1h46mb54s
UF2 1m48s 8m49s 8m49s UF2 1m48s 11m35s 11m35s
Total (quer) | 1h26m31ls| 6h26m19s| 13h14m52s Total(quer) | 1h12m37s| 4h10m32s| 6h06m22s
Total (all) 1h30m18s| 7h19m34s| 14h08mO07s Total (all) 1h16mO05s| 6h09m01s| 8h04m51s

Table4: TPC-DPower Test,SAPR/3 Version2.2G

SQL reports. It is very importantto keepin mind that the
old 2.2G Native and OpenSQL reportswere operationalin
3.0E, but they hadvirtually the sameperformancen 3.0Eas
in 2.2G.

Looking at pure query performance(Q1-Q17), the new
3.0ENative SQL reportsgainedabouttwo hoursin totalcom-
paredto the old 2.2G Native SQL reports;this improvement
canbe explainedbecausehe nev Native SQL reportspush
all thequeriescompletelydown to the RDBMS whichis pos-
sible becausenow all involved tables(in particular KONV)
aretransparentFurthermoresinceKONV is not in the way
arymore thedifferencebetweerNative SQL andtheisolated
RDBMSin Release.0Eis entirelydueto the partitioningof
thedatain the SAPdatabasandthemuchhigherdatavolume
(Table2).

Obviously, Open SQL benefitedmost from the upgrade.
The new OpenSQL reportsfor Q1-Q17outperformthe old
oneshy about7 hoursbecausef the nev OpenSQL join
constructwhich allows to delggateall join processingo the
RDBMS. Nevertheless,Open SQL is still outperformed
by Native SQL for the following three reasons: (1) in
someNative SQL reportsa special,non-standaréQL string
functionof the RDBMS wasusedwhich couldnot beusedin
the OpenSQL reports; (2) for severalOpenSQL reports the
optimizerof theRDBMS did notfind the bestexecutionplan;
and(3) complex aggreyationge.g.,thesumof discountecind
taxed pricesof lineitems)could not be expressedisingOpen

3Usingthis stringfunctionmadeour Native SQL reportsnon-portable.

Table5: TPC-DPaowver Test,SAPR/3 Version3.0E

SQLs new syntaxand,therefore could not be pusheddown
to the RDBMS. We will studythe secondandthird of these
effectsin moredetailin the next section.

It is interestingto note that for somequeries(Q2, Q11,
Q16), Open SQL performs better than Native SQL and
sometimeseven better than the isolated RDBMS. All
these queriesinvolve nestedsub-queries. In Open SQL,
we explicitly unnestedhe sub-queriedecauséOpenSQLs
SELECT statementdoes not allow the coding of nested
gueriesin the FROM and WHERE-clauses. In the Native
SQL reportsandin the(standard 5QL implementatiorof the
querieson theisolatedRDBMS, we did not explicitly unnest
the queries becausethese variants allowed to implement
the queriesusing nestedqueriesas specifiedby the TPC-D
benchmark. It turnedout that the RDBMS handlednested
gueriegoorly sothatthe OpenSQL reportswith our explicit,
manualunnestingshaved betterperformancen thesecases.
(We also obsened this sameeffect for Q16 in Release2.2,
cf. Table4).

Turning to the running times of the TPC-D updatefunc-
tions. Again,thesewereimplementedisingSAP R/3's batch-
inputfacility for Native andOpenSQL. Actually, thereports
usedherewere almostidenticalwith the updatereportsused
in the2.2GexperimentsAmazingly, UF1 (inserts)took more
than one hour longerin our 3.0E configurationthanin our
2.2Gconfiguration.To date,we have notfounda satishctory
explanatiorfor thisdramatigperformancaegradationput we
speculat¢hatthecorversionof KONV into atransparentable



Native SQL:
declamations OpenSQL:
EXEC SQLPERFORMINGOUTPUT. declaations
SELECTKWENG, ... SELECTKWMENG, ...
FROM VBAP INTO :TAB FROM VBAP
WHEREKWMENG < 0 WHEREKWMENG < 0
AND MANDT ='301" ENDSELECT

ENDEXEC.

Figure3: Native andOpenSQL Reportsfor a SimpleQuery
onaLINEITEM Table

mightbepartof thereasonin ourimplementatiorof UF1,we
usedan SAP standardeportwhich wasspecificallytunedfor
aclusteredKONV table;it is possiblethatbetterperformance
couldbeachieredby re-writing this SAP standardeport.

4 Performance Evaluation With Simple
Queries

In the previous section,we sav that Native SQL reportsout-
perform equialent Open SQL reportsin mary situations.
This obsenationsuggest$o useNative SQL asmuchaspos-
sible. Recall,however, thatNative SQL is not recommended
for mary kindsof queriesn practicebecaus®ative SQL pro-
gramamaynotbesafe(in thebusinessenseandnotportable.
PureOpenSQL reports,on the otherhand,are portableand
safesothatit is worth to take a closerlook wherethey loose
performance While the poor performancef the 2.2G Open
SQL reportscanfairly easilybeexplained(poorjoin process-
ing), theperformanceenaltief the 3.0EOpenSQL reports
aremoresubtle.In this sectionwe will studythesepenalties
by runningsimpleNative andOpenSQL reportson SAP R/3
Version3.0Eandby comparinghe executionof thesereports
in detail. Furthermorewe will also study potential perfor
mancegainsthat can be achieved by the meansof caching
whenusingOpenSQL.

4.1 Finding a Good Plan

In ourfirstexperimentwe studiechow thetranslatiorof Open
SQL reportsto standardSQL queriesimpactsthe generation
of good query plansby the optimizer of the RDBMS. We
measurech simpleselect-fom-whee queryon a singletable
with anindex; specificallywe asledfor lineitems(the VBAP
table) with a certain maximumquantity (the KWWVENG field
which wasindexed in this experiment). Figure 3 shavs the
correspondingNative andOpenSQL reportsfor this business
query Bothreportsareequivalent:the (additional)restriction
MANDT=301 is necessaryin the Native SQL report; it
specifieghatwe wereonly interestedn resultsfor our TPC-
D Inc. busines<lient. Specifyingthis predicaten the Open
SQL report was not necessarpecauseSAP generateghis
predicateautomaticallyfrom the applicationcontext while
translatingthe OpenSQL reportinto standardSQL queries.
TheMANDT=301 predicatethereforejs averygoodexample
thatdemonstratewhy it is oftennot safeto write Native SQL

reports.

Tofind outwhethertheoptimizerwasalwaysableto decide
whetherthe use of the index on KWWVENG (quantity) was
beneficialand find the bestplan for this query we ran the
Native and Open SQL reportsof Figure 3 and varied the
selectvity of the predicateon KWWENG. Table 6 shavs the
costof the Native andOpenSQL reportsin thefollowing two
extremesituations:

1. No ResultTuple. This was achieved by restrictingthe
resultinglineitemsto have a quantitysmallerthanoO (i.e.,
KWVENG < 0, asin Figure3).

2. 1.2 Mio. ResultTuples(i.e., all lineitemsqualify). This
wasachievedby restrictingtheresultinglineitemsto have
aquantitysmallerthan9999(KWENG < 9999).

In thefirst case(high selectvity, no resulttuples),the useof

theindex resultedn bestperformanceonly theindex needed
to be consultedto find out that no tuple qualifies. In the

executionof both reports,Native and OpenSQL, the index

wasusedso that both reportshave a very low responsdime

of lessthana secondn this case.

| selectvity | Native SQL | Open SQL |
high (0 resulttuples) <1s <1s
low (1,2mio. resulttuples) 4m56s | 1h50m02s

Table6: Costof aOne-TableQuery
Index on KWWENG Available

If, however, the selectionpredicateis not selectve the
(unclusteredjndex on the KWWENG attribute should not be
usedbecauseheuseof theindex resultsin randomdisk1/O to
fetchtheresulttuples. To executethe Native SQL report,the
entirequeryinsidethe EXEC SQL... ENDEXEC-delimiters
is directly passedo thedatabassystem.Thequeryoptimizer
of the databaseystemfinds out that, in this case the usage
of theindex is counterproductie and generatesn (optimal)
guery evaluationplan basedon a full table scanwhich has
a runningtime of about5 minutes. Prior to execution,the
OpenSQL report,ontheotherhand,is translatedby the SAP
R/3 queryprocessarDueto this translationthe optimizerof
theRDBMS cannotestimategheselectvity of thepredicateof
thetranslatedqueryandthusblindly generates plan. In this
particularcase,the optimizerchoseto usethe index, andas
aresult,the executionof the OpenSQL reporttook almost2
hours.

PreciselySAPtranslatedhe OpenSQL reportasfollows:

SELECT... SELECT...

FROM VBAP FROM VBAP
WHEREKWMENG < 9999 WHEREKWMENG < ?
ENDSELECT

Thatis, thequeryis translatednto aparameterizeduery and
“?" denoteghe query parameter SAP R/3 translateOpen
SQL reportsin this genericway in orderto carry out cursor



OpenSQL:

declamtions
FIELD-GROUPS:HEADER, LINE.
INSERT TABELLE-KPOSNINTO HEADER.
INSERT CHARGEINTO LINE.

Native SQL: SELECTKPOSNKBETR KAWRT
declamtions INTO TABELLE

EXEC SQL PERFORMINGEXTRACT. FROM KONV

SELECTKPOSN, WHERESTUNR= '040’

AVG(KAWRT * (1 + KBETR/1000))
INTO :SUMME FROM KONV
WHEREMANDT =301’

AND STUNR="040

AND ZAEHK =01’

AND KSCHL ='DISC’
GROUPBY KPOSN
ORDERBY KPOSN
ENDEXEC.

AND ZAEHK ="01
AND KSCHL ="DISC’
ORDERBY KPOSN.
CHARGE= TABELLE-KAWRT * (1 + TABELLE-KBETR/1000).
EXTRACT LINE.
ENDSELECT
SORT. LOOR
COUNT=COUNT+1.
AT END OF TABELLE-KPOSN.

AVG = SUM(CHARGE)/ COUNT.
WRITE : / TABELLE-KPOSN,AVG.
COUNT=0.

ENDAT.
ENDLOOPR

Figure4: Native andOpenSQL Reportsfor a Querywith Grouping,SortingandAggregation

caching asdescribedn Section2.3(i.e., reducethe overhead
of therepeatedxecutionof similar queries).

Of course we madesurein a separatesetof experiments,
which arenot shavn here thatthe differencein performance
wasreallydueto thechoiceof theaccespathby theoptimizer
of the RDBMS and not dueto inefficienciesin transferring
resulttuplesfrom the RDBMS to the SAP applicationsener.
The performancef shippingresulttuplesfrom the RDBMS
to SAPis the sameregardlesf whetherthe Native or Open
SQL interfaceis used.

4.2 Complex Aggregations

In the secondexperiment,we studya group-byquerywith a
complex aggreation;i.e., an aggr@ationwith an arithmetic
expression.As statedin Section2.3, the syntaxof the Open
SQL SELECT and SELECT SINGLE statementsurrently
doesnot allow to expresssuchcomplex aggregationsso that
complex aggrejationscannotbe pusheddown to the RDBMS
andmustbe codedandexecutedn SAPinstead.Thesimple
query we usedto study the implications of this limitation
of OpenSQL lists the averagediscountedvolumesof order
positions. We usedthis rather contrived query becausédts
costis dominatedby the groupingoperation(on a lineitem
table) and we could, thus, isolate the effects of inefficient
group-by processing. More realistic querieswith complex
aggreationscanbe foundin the TPC-D querysuite—allthe
TPC-Dquerieswith complex aggregations however, involve
expensve joins. The Native and OpenSQL reportsfor our
examplequeryareshaowvn in Figure4, andtherunningtimes
of thesereportsaregivenin Table7.

In this experimentthe costof the OpenSQL reportis more

| | Native SQL | Open SQL |
| cost] 4m1ls| 13m48s]|

Table7: Costsfor GroupingTuples

than threetimes as high as that of the Native SQL report.
Thereare two reasonswvhy executingaggreyationsin SAP
is more expensve than pushingthemdown to the RDBMS:
(1) to computetheaggreyationin SAR all therequiredKONV
tuples must be shippedfrom the RDBMS to SAR, whereas
only the few aggrejationvaluesof the resultinggroupsneed
to beshippedf theaggreationis computedby the RDBMS.
(2) Aggregationsin SAP proceedn two separatesteps:first,
sorting and writing the sortedresult to secondarystorage,
andthenre-readinghe sortedtableto performthe grouping.
The RDBMS, on the other hand, doesnot requireto write
intermediateesultsto secondargtorageaftersortingbecause
sortingandgroupingcanbecarriedoutin a pipelinedfashion.

We expectthat extensionsprovided by future releaseof
SAP R/3 will make it possibleto expresscomple aggreya-
tionsaspartof anOpenSQL SELECTor SELECTSINGLE
statementAs aresult,OpenSQL will performjustaswell as
Native SQL for querieswith complex aggregationsand,in ad-
dition, it will becomemuchsimplerto implementOpenSQL
reportsfor suchqueries.

4.3 Caching

ThepreviousexperimentshovedthatNative SQL reportsof-
tenshaw betterperformancahanOpenSQL reportsbecause
theRDBMS caneffectively optimizequeriesof Native SQL's



EXEC SQL statemenandbecauseomple aggreyationscan
usuallybe carriedout moreefficiently in the RDBMS. In this

sectionwe will studypotentialperformancédenefitsof Open
SQL reportghatcanbeachiezedby themeansf cachingdata
in SAP R/3 applicationseners. (This kind of cachingcan-
not be exploitedin the executionof Native SQL reports;Sec-
tion 2.3.) Cachingis particularlyeffective if mostly “small”

queriesareexecutedfor example whena salegpersorenters
ordersyepeatedhqueriego retrieve informationabouta spe-
cific partareissued.f thispartis cachedthesequeriescanbe
executedwith nointeractionwith thedatabassystematall.

declamtions
SELECT* FROM VBAP.
SELECTSINGLE*
FROM MARA
WHEREMATNR = VBAP.MATNR.
ENDSELECT

Figure5: OpenSQL Reportto StudyCaching

To examine the impact of cachingon the performance
of “small” queries,we executedthe Open SQL report of
Figure 5. This report carriesout a join betweenVBAP
(LINEITEM) andMARA(PART). Thereportis programmed
in sucha way that with every tuple from VBAP a separate
query to find the matching tuple of MARA is evaluated,;
in all, 1.2 million “small” queriesto MARA are evaluated.
We executed the report in the following three different
configurations:

1. Cachingof MARAnNotactivated:In thiscasegvery MARA
queryis processethy theRDBMS.

2. Cachingof MARA actvated, 2 MB cache: For every
MARAQquery SAP R/3first inspectshe cacheto find out
whetherthe requestedMARAtuple canbe obtainedfrom
the cache.If thisis the case(hit), the tupleis readfrom
thecachewithoutinteractingwith theRDBMS, otherwise
theMARAQqueryis passedo theRDBMS, asin 1.

3. Cachingof MARA activated, 20 MB cache: Processing
thequeryproceedsasin 2. Thedifferences thatamuch
higherhit ratiois achieseddueto thelargercache.

| No Caching | 2MB Cache | 20 MB Cache |

hit ratio 0% 11% 85%
costsfor
queryingMARA 1h48m34s | 1h50m51s 35m4ls

Table8: Effectivenesof Caching
OpenSQL Reportof Fig. 5; Cachingof MARA(PART) Varied

Table8 liststhehit ratio (ontuplesof MARA andthecosts
of the1.2million smallMARAquerie$ for thethreedifferent

4The costfor queryingMARAwas computedby subtractingthe costto
processhe VBAP tuplesfrom thetotal costof thereportshavn in Figure5.

configurationsFor the smallcacheof 2 MB, the overheadf
cachemanagemenandthe testingwhetheror not a required
tuple wasresidentwere aboutas high asthe gainsthat were
achiezedby usingthe cachebecaus@nly veryfew hits could
beachieved. With alarge cacheof 20 MB, onthe otherhand,
nearlyall tuplesof MARAcouldbecachedand,thereforethe
costsfor queryingMARAL.2million timeswerereducedy a
factorof 3.

5 Construction of a Data Warehouse

Let's go back to the TPC-D powertest results shavn in
Tables4 and5 of Section3.4. It wasseerthatdecisionsupport
gueriecannotbeevaluatedn themostefficientway usingthe
SAP databaseregardlesof whetherNative or OpenSQL is
used. To achieve the same(or even better) performanceas
can be obtainedby usingan RDBMS on the original TPC-
D databasepne would have to constructa so-calleddata
warehous§FS94. Forthispurposethedatais extractedrom
the SAP databas@ndstoredin a separatelatabasewhichis
undercontrolof anRDBMS or a specializeddatawarehouse
system [Col96]. To decide whether a data warehouse
approactpaysoff for SAPcustomerge.g.,theuseof the SAP
productElS), the customemeedsto considerthe initial cost
for constructinghedatawarehousandthemaintenanceosts
for incrementallypropagatingupdates(insertions,deletions
andmodifications)o the datawarehouseExtractingthe data
from the SAP databaseaequiresthe executionof extremely
comple (Native or OpenSQL)reports.

To measurghecostof extractingdata,Table9 liststhecosts
of OpenSQLreportsthatgivenour SAPdatabaséSF=0.2)e-
constructheoriginal TPC-D databasénto ASCII files, again
using version3.0E. (The running time of equivalent Native
SQL reportsis almostidentical). The total runningtime of
thesereportswasmorethan6 hoursandis, thus,aboutashigh
asthe costto executeall queriesof the TPC-D power test—
whenusingOpenSQL reportsin version3.0E.Consequently
the constructionof a datawarehousewvould only pay off if
mary more and/ormore comple queriesare issuedagainst
thedatawarehous¢hanthoseof the TPC-D powertest.

| | runningtime |

REGION 13s
NATION 4s
SUPPLIER 41s
PART 12m31s
PARTSUPP 11m08s
CUSTOMER 5mb55s
ORDER 57m31s
LINEITEM 4h37m02s

[ total [ 6h05mO05s ]|

Table9: Costsfor Constructingan SAP DataWarehouse
OpenSQL Reports SAPR/3 Version3.0E



6 Conclusion

In thiswork, we have shaovn thatthe performancenalysisof
isolateddatabaseystemsanhave only limited relevancein
the “real world” of dataprocessing.The enduserstypically
employ a comprehensie applicationsystem,in which the
databassystemis anintegratedcomponentWe shaovedthat
the standardl PC-D benchmarkor decisionsupportis much
more comple in the businessreality thanin its “synthetic”
form: The datavolumeof the businesgprocessemodeledoy
the TPC-Dbenchmarks in reality (i.e.,in SAPR/3) inflated
by afactorof 10. Furthermorethedatais stronglypartitioned
sothatann-wayjoin queryof thesyntheticTPC-Dbenchmark
becomesn reality an(z * n)-wayjoin query

Basedon theseobsenations,we encouragéhardware and
databaseendorso benchmarkhe performancef particular
hardware/database/applicatissystem-configurationgn the
way we have donefor SAPR/3in thiswork. For this purpose,
all our benchmarkapplicationshave been made public on
our web sener [DHKK]. We think that performanceaesults
obtainedn thisway bettermeetthe expectation®f endusers
who employ the integratedapplicationsystemand not the
isolateddatabassystem.

We also shaved how application systemssuch as SAP
R/3 exploit the advancedqueryprocessindacilities of state-
of-the-art RDBMSs. The query interfacesof Release2.2
forcesuserso implementreportsin suchaway thatjoins and
aggreationsare carriedout at unacceptabléigh costby the
SAP R/3 applicationseners. Release3.0 allows aggressie
push-devn of joins and certainaggreyationsto the RDBMS
which resultedin drasticallyimproved performancen our
TPC-Dexperiments.While this is very goodnews, it should
be notedthat (1) even Release3.0 doesnot allow to fully
exploit all thefeaturesof today's databaseystemgqnot even
all thestandardizefeatures)and(2) afteranupgradecurrent
usersof Release.2 needto re-writeall their reportsin order
to take advantageof the new featuresof Releases.0.

In this work, we also presentecsomeinitial experimental
resultsto study a data warehouseapproachfor SAP R/3.
The constructiorand maintenanc®f a datawarehousérom
the SAP databaséncurs a high costbecausehe initial and
incrementaéxtractionof datafrom theSAPdatabaseequires
the execution of very comple reports (in addition to the
actual datawarehouseconstructioncosts). In future work,
we will studythetradeofs of a datawarehouseapproactfor
SAP R/3 morecomprehensiely; in particular we will study
the performancehat can be achieved by using SAP’s data
warehous@roductEIS.
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