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Abstract

Thispaperdiscusseshe currentpracticein businessn-
formationand office automationsystemsn particular with
respecto collaborative developmentWhilefroman archi-
tectural point of view the predominantmonolithicstructue
of businessnformation systemsinders collaboration, the
distributed architecture of office automationsystemspro-
motesit. We will sketch an architectue whete office au-
tomationsystemsan be extendedwith active components
to obtain businessobject systemswhich are able to solve
problemstraditionally solvedby businessnformationsys-
tems.Busines®bjectsystemsansupportcollaborativede-
velopmenand collaborativeemploymenof businessappli-
cationsusingWwWWitedhnologies.

1 Intr oduction

How was it possibleto develop an entire operating
systemsuch as Linux (which is technically superiorto
mary commerciabperatingsystems)n collaboratvework,
wherebythe developersdid not have much contactamong
eachother?Linux is certainlyapuzzlingexampleof collab-
orative developmenton the Internet,but it is not uniquein
this respect.Several otheroperatingsystemsor tools were
developedsimilarly. Actually, a large part of the software
packageg$orming the Internetinfrastructurevasdeveloped
thisway.

While the Internet infrastructure helped to develop
highly successfuljuality technicalsoftware, so far, it did
not help in the developmentof applicationsoftware. The
guestionariseswhetherit is possibleto develop business
applicationsoftware utilizing the Internet(or an Intranet)
asaninfrastructuran acollaboratve mannemhereexperts
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in their field areenabledo contribute andcanbenefitfrom
others.Candidategor collaborationin this contet are

e thedevelopmentandmaintenanc@rocesof thebasic
infrastructure,

e thedevelopmenbf theapplicationcontentsand
o theimplementatiorof the applicationsystem.

In evolutionary businessapplicationsystemsthe last two
itemsfall together We will discussprimarily theseissues
in theremainderof the paper [6] shovedthatwhenagents
cooperaten a distributedsearchproblem,they cansolve it
fasterthanany agentworking in isolation. We think that
mary aspectsn businessnformationsystemsaresimilarto
searchproblemsandthat a strongersupportfor collabora-
tion canimprove the businesgperformance.

Collaboratve successtoriessuchasLinux areconcern-
ing technicalsystems. In a technicalsystemthe problem
structureis typically clear (suchas file system,memory
managementtc) and often determinedoy hardwarecom-
ponentsTheseobjectsaredeeplystructuredwell analyzed
andunderstoodexist in small quantitiesanddon't change
theirrelationshipsdependenciegndinterfacesovertime.

In the areaof businessnformationsystemson the other
hand,the structuringof the objectsof concernis not very
comple, but the relationshipsand dependencieare quite
complex andchangeovertime. Thesechangesreinduced
by new regulations,organizationarestructuringhev mar
ket opportunitiesetc. The sameobjectsappearin various
roles, mary of theseobjectsdiffer in only small details
which malesclassificatiorvery hardandmalesit oftenim-
practicalto modelthesevariationsin wide classtrees.The
dependenciebetweentheseobjectsare importantto keep
control over this richnessof variances.In contrastto most
technicalystemshedependencielsetweerobjectschange
frequently— justasthebusinessequireqseealso[7]). The



criterionfor businessapplicationsoftwarequality laysin its
ability to follow thesechanges.

2 BusinessApplication Systems

Existing businessapplication systemscan be distin-
guishedn businessnformationsystemsandoffice automa-
tion systems.
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Figure 1. Indirect Manipulation of “Hid den
Objects”
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The key technologyin classicalbusinessinformation
systemsis a databasevheretypically a simplerepresenta-
tion of businessobjectsis kept persistentlyin form of ta-
bles, and the functional and organizationalinformationis
maintainedin a (typically) monolithic programthat con-
trols and administersthe databasdFigure 1). The devel-
opmentof businessinformation systemsstartedin mary
casedrom accountingystemssthecoreapplication other
functional businessareaswere addedlater (horizontal ex-
tension). Businessnformation systemscovering all basic
functional areasare called “businesssolutions”, the main
productsonthe marketare SAR, OracleFinancialor JDEd-
wards. SAP[11] for instanceprovidessolutionsin a broad
bandwidthof functionalbusinessareassuchasaccounting,
productionplanning,salesmarketing,distribution, etc.

Onecentralreasorfor introducingstandardusinessso-
lution softwareis to stopthe costly in-housesoftware de-
velopment[14]. The main advantageof businesssolution
systemsver in-housedevelopments thatthe softwarede-
velopmentcostscan be “shared” amongthe customersof
the software compaly, especiallywhenthe numberof the
customerf a packagss fairly high. For examplethein-
stallationsnumbersfor SAP reached4,500installationsin
SeptembeB5, the numberof usersis estimatedas 350,000
worldwide [11]. A consequencef thesehigh installation
numberss that businesssolutionsystemamustbe capable

of dealingwith therequirementsn highly specializedusi-
nessareassuchasinsuranceshospitalsor evenoil compa-
nies(SAPIS-Oil). Thisverticalextensionis adimensiorof
the compleity that in-housedevelopedsoftware doesnot
face.

Thehorizontalandverticalrichnessof a monolithicsys-
temrequiresthe developerto consolidatehe functionaldi-
versity and the customerto configureor parameterizehe
genericsystemaccordingo theactualbusinessieeds This
adoptionprocessis performedby parameterizatiorf the
standardpackage. Somepackageffer a 4th generation
programminglanguagefor making compaty specific en-
hancements Especiallythe parameterizatiotecomesn-
creasinglydifficult!, so thatknowledgebasedsystemsare
suggestedb aid configurationandparametetuning[10].

Whensuchan overall businesssolutionis introducedit
doesnot have only the effect of solving the basicbusiness
tasks, it tendsto imposea different organizationalstruc-
tureaswell. In mary casest appeargo be easierto adapt
the businessorganizationthanto adaptthe software. The
adaptationof a standardpackageis quite costly, the re-
integrationof theseenhancementsito laterrelease®f the
standardsoftware is difficult. Consultingcompaniedike
CSCPloenzke offer add-onpackage$or SAPto obtainbet-
ter supportfor specializedusinessareassuchasfor exam-
ple creditandloanapplicationg3]. Thereis no frameawork
availableto reconsolidaténdependentiydevelopedmodifi-
cationinto improvedfuture versions.

However, puttingtheresponsibilityfor the businessasks
primarily into the handof a softwarecompaty is somekind
of outsourcingandis a capitulationin front of the complex-
ity of the businesgasksof a compauy. It is a threatening
ideathatthe softwarepackage®ecomehe“disablingtech-
nology” wherea compaty is not ableto changea business
task becausedhe software packageusedis not capableof
dealingwith this change.

The starting point of office automation systemswas
documentprocessingand documenthandling (retrieval,
transmission). Later office automationsystemswere ex-
tendedto dealwith morecomplex objectssuchasgraphics
andtables(spreadsheetsinessagdandlingbecamemore
important. Theadwentof productdik e MS-Office, StarOf-
fice and Lotus Notesturnedthesesystemsinto consumer
goodslike massproducts. The World Wide Web canbe
seenas a hugeoffice automationsystemsupportingtoday
primarily documenprocessingndhandling.

In office automationsystemsypical office objects(like
document@andspreadsheetsyedefinedwhich arecreated
and maintainedover time. Theseobjectsare frequently
passedo otherco-workers. In a compayy it is very likely
thatseveral similar office objectswill beusedandmodified

1SAPsuppliesspecificutilities in versionR/3 to supporttheuserin the
configurationtask.



onaregularbasis.In somecasest is possibleto find com-
monaspect®f theseobjectsandto definegenericemplates
(suchasstyles,emptyspecialpurposedocumentsjor later
reuse.Thesearetypical examplesfor a bottomup general-
izationwith avery weakclassconcept.Typically the avail-
able classhierarchiesare very shallov (onelevel), only a
few systemsllow deepethierarchieqe.g.lATpX2e). In the
caseof IATEX collaboratve developmentwaspossible var-
ious peopleand organizationswere able to contribute for
examplestylefiles.

Office Documents in an
Office Automation System

Figure 2. Direct Manipulation of “Visib le Ob-
jects”

However, the currentpracticein office automationsys-
temsdoesnot supportcollaboratie businessinformation
systemssufiiciently. The classmodelsin suchsystemsare
not satishctory the consolidationfrom instancesto new
classegdoesnt happen,at leastnot in a consequeniman-
ner.

3 Collaborative Application Software Devel-
opment Basedon BusinessObjects

The strengthof todaysoffice automationsystemslays
in the direct manipulationof objectsandin its well suit-
ednesdor distributed work and collaboration. The main
weaknessesre in our opinion that the objectsare fairly
static. We proposea systembasedon more generalbusi-
nessobjectswhich are ableto describeandto implement
businesgasks. Thesebusinessobjectsmustbe extensible
to copewith businesshanges&ndproblemlife-cycles,and
they mustincludeactive componentso allow delegationof
subtaskgo theseobjects.

3.1 Basic Requirements

Firstwe describethetechnicalpreliminariesfor the sup-
portinginfrastructurebeforewe discusshe building blocks
of thebusinessapplicationsystems.

e Theapplicationstructureshouldbesimilarto ahyper-
text document, with links betweenseparableieces,
which mightbedevelopedandmaintainedoy different
developerdn differentorganizations.

e Objectsshouldhave descriptive and active compo-
nents where the descriptve componentrefersto in-
formal descriptionsand documentatiorandthe active
componentgefer to programs. Theseobjectsshould
be containedin single units preferablycompletelyin
text form, sothatthey arewell suitedfor a transmis-
sionin a singletext messagdo anotheractor Sim-
ilar examplescan be found in the context of “en-
abled” email systemsin [1], HTML documentsen-
hancedwith scriptinglanguagesupportarereportedn
[4, 16], HTTP supportfor agentss discussedn [8].

e The objectsshouldhave a presentationcomponent
which allows actors(usersor agents}o introspectthe
objectsandto allow retrieval of the objectsvia search
enginesandto easeknowledgediscorvery.

e The systemshould be basedon a dynamic object
modelto allow extensibility andadaptabilityof theob-
jects. The extensionof anobjectcanbe performedin
generaby ary actor(humanor agent).

e For notification,taskcontrolandcollaboratie support
a hybrid email and web browsing tool is needed,
whichis ableto interpretthetext basedobjectformat.
Theemailcomponents for examplenecessaryo cre-
ateindividualtasklists. Thewebbrowsingpartcanbe
usedto fetch pre-cannedjenerictasksolutions(com-
ponents)which canbe reusedby anactor The same
tool shouldhave atime triggeringmechanisme.g.for
repeatedtasksor timeouts. It accessea persistent
work item storaggmailbox)andpersistentomponent
repositorie§casebasesHTTP sener, databasestc.).

e Versionmanagement:For collaboratve development
it is importantto obtaininformation aboutthe gene-
sis of an object, the connectionbetweenan instance
andits classtogethemwith achangehistoryof thecom-
ponents.Eachobjectin an collaboratve development
spaceshouldbe ableto answerthe question:“Where
do you comefrom andhow did you becomewhatyou
arenow?”. Theversionmanagemerghouldallow par
allel asynchronousollaboration[17]; a fairly simple
systenfor this taskis cvs[15].

Every objectwith active componentsontainsaprogram
thatcanbeexecutedn a certainsituation(e.g.whentheob-
jectis saved,fetchedfrom a sener, arrivesattheclient site,
is readby a client, when certaintime marksarereached).
Mobile objectsare sentin the form of messagesso ev-
ery messagesan containprogramsas well (similar to [9]



or [13]). Objectsare storedin a persistentstoragewhich
canactasanactive database.

3.2 Building Blocks

Conceptuallybusinessapplicationsoftware can be de-
scribedin termsof the following building blocks.
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Figure 3. A System based on Business Ob-
jects
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3.2.1 BusinessObjects

Busines®bjectsarethe staticdescriptionof importantap-
plication characteristics Every businessobjecthasa state
(attributes)andmightcontainmethodghatmodify thestate.
All methodgogetherdefinethe behavior of anobject. The
methodsareeithergenericmethoddor generalobjecthan-
dling or they might be problemspecific. Businessobjects
are able to behave differently dependingon the context.

Somebusinesbjectsarestationaryothersaremobile.

3.2.2 Workflows

Workflows definehow mobile objects(suchaswork items)
move aroundin the systembetweenactors.Actors (human
or robots) modify the businessobjectsaccordingto their
tasksin the businesgprocess.Workflows describethe life-

cycle of mobile objectsandtheir metamorphosis.

3.2.3 BusinessRules

Oneof themainpartsof abusinessapplicationsdescription
arethe businesgules. They describethe logic dependen-

ciesbetweenbusinessbjects. The businessulesconcern
primarily inter-objectrelationshipsandcanbe constructve
(e.g.businesolicies,context dependentvorkflow or cal-
culationrules)or restrictive (for all objectsx theremustbe
an objecty with the following properties). The business
rulesshouldbe usablefor explanationpurposes.

Businessules are the “biotope” in which businessob-
jectsmay “grow” or not. Businessulescanbe expressed
for examplein logic formulaswhich areinterpretedby the
objectmethodsor might be usedto control a metaobject
model.

3.3 Management of the Building Blocks

The basicbuilding blocksdescribedabore canbefound
in moreor lessexplicit formin practicallyall businessnfor-
mationsystemavherethe emphasivariesfrom application
to application.Whensystemseacha certainsize,thestruc-
turesanddependencielsecomeancreasinglycomplex when
moreandmorefunctionalityanddiversityis integratedinto
amonolithicapplication.

We proposean approachthat should avoid the build-
up of the Gordianknot of monolithic systems. The sys-
tem shouldbe ableto exploit the basicWeb infrastructure
for finding and retrieving applicationbuilding blocks and
should provide meansfor a competentuserto contrikbute
building blocksthat canbe usedby others. The following
issuesapplyto all basicbuilding blocks.

3.3.1 Genuset Differ entia

All the basicbuilding blocks (businessobjects,workflows,
businessrules) are subjectto the Aristotelian principle of
“genus et differentia”, where “genus” is typically a well
known basicitem and“dif ferentia’definesn which detaila
deriveditem differsfrom the basic(parent)item. Note that
this principle entailsa high degreeof codereuse.

A systemexploiting this principle canbe built in a top-
down way (by specializinggenericstructurespr bottomup
(generalizingspecificstructures). The most generalclass
for thetop-dowvn approachs a universalsupertypd12] asa
startingpoint of thegeneralizationFor examplein thearea
of financial serviceproviders suchfundamentakstructures
for datamodelsarealreadydeveloped(e.g.IBM’s FSDM —
FinancialServiceDataModeP).

A new instance(or class)is createdafterapplyingsome
differentiato a genusobject. Theresultingbuilding blocks
may be usedas genusfor a next developmentincrement.
A contributorto a collaboratve developmentsystenshould
be ableto contribute at eachabstractionlevel and publish
theresultto make it availablefor others.

2FSDMis anIBM productsoldin a pricerangebetweeroneandtwo
mio US$.



The principle of genusand differentia doesnot stop,
however, at classhierarchiesln a documenbrientedview,
it is possibleto obtaina documentfo modify it locally, and
whenthe original sourcedocumenis enhancedit is possi-
ble to transferthesechangego the locally modifieddocu-
ment. This transfercanbe doneby very basictoolslik e the
Unix “diff” and“patch” or by versionmaintenancsystems
like “cvs” [15] which allows several peopleto work on the
samedocumentand automaticallytransfersupdatesof the
repositoryto the local working versions.Thesetools work
only well for textual representationgdocuments,source
code,etc.)sincethebasic“diff” toolis line oriented.

3.3.2 Treating InstancesasFirst ClassEntities

In someobjectorientedervironments(suchasC++) every
object (instance)is structurallyidentical to its class,and
every object must have a class, other ervironments(e.g.
CLOS,OTcl [18], ObjChart)do not have theserestrictions
andallow for exampledynamic(runtime)extensionof ob-
jects. This dynamicextensibility allows to handleexcep-
tionson the instancdevel without makingthe classmodel
morecomplex: the classdescriptioncanbe keptsmalland
simple, instancescan be changedaccordingto the special
needsput have to meetthe businessules.

Classeslescribeprototypicalstandarccasedik e the ex-
amplesin standardext books.Classeslescribehow things
aresupposedo work in theory If a certainamountof in-
stancediffer in the sameway (the samedifferentia)the
theory s falsified and a new classbasedon the common
differentiacanbe addedto the“theory”.

3.3.3 Agentsand Meeting Points

An agentis somebodyvhoactsonbehalfof somebodelse.
Agentsmay be stationaryor mobile. Note that our notion
of a businessobjectis more generalthanthe notion of an
agent.

Mobile objectsare sentas messagedbetweenpartici-
pants. The underlyinginteractionmodelis — asfor every
other messagdasedsystem— asynchronous Mobile ob-
jectscanbe either sentto a particularactorin the system
(messenger)r they canroamarounda setof networked
senersuntil they areableto accomplisttheir task(itinerant
agentg2]). The mainadwantagef agentbasedcommu-
nicationspointedout in [5] arethat (1) agentbasedtrans-
actionsavoid the needto presere processstate(in con-
trary to a client sener basedarchitecturewith non-atomic
transactions)(2) agentsenableusersto personalizesener
behaior, and(3) agentsenablemoreintelligent mail han-
dling. As notedin [9] agentsreducethe numberof primi-
tive transactionn a sener which canleadto significant
speedupsvhen communicationlatenciesare high. The

messagssize for agentbasedcommunicationtendsto be-
comelargersincetherelevantstatehasto betransmittedn
themessage.

Whena mobile objectarrivesat its (possiblyintermedi-
ate) destinationits methodscan be executedin an execu-
tion environmentwhichis frequentlycalledAgentMeeting
Point[2] whereit caninteractwith otherobjects.

4 An Example

In this sectionwe give anexample(seeFigure4) how a
collaboratie businessapplicationsystemmight berealized
with mostly existing technology We will useHTML doc-
umentsas businessobjectrepresentationvhere OTcl with
safeinterpreterqasavailablein Tcl 7.5) is usedasan em-
beddedanguagevithin HTML pseudacommentrin spe-
cialtags.Theembedde®Tcl commandganresultin other
HTML text, in additionthe OTcl commandamight issue
sideeffectsin the actorservironment. We will not address
versionmanagemernttere.Businessbjectscanbe sentvia
mail, mailboxesareusedasagenimeetingpoints,wherethe
active component®f the mails exchangeheirinformation.
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Figure 4. Workshop Organization

Thetasksketchedin Figure4 concernghe organization
of aworkshop. Theinitial problemattime (1) is the work
descriptionwith thebasicinformationwhichis addedo the
work-list (mailbox) of the workshoporganizer The orga-
nizerwill checkwhetherthereis alreadya completedvork-
shoporganizationdocumentvailableon the network (case
baserepository)for exampleby usingsomesearchengines.
We assumehatthe organizerdoesnotfind a suitabledocu-
mentandsos/hedecidedo develophis own. Thefirst tasks
in (2) are hardto automatearyhow, but for (3) “provide
accessnethodsfor papers”and“provide review gathering



methods’heis ableto locategenerictaskscomponent®n
the network. For the first of thesetaskshe usesa simple
componentvhich acceptghetitle of the paperandthefile-
nameasinput thataddsanappropriateénypertet link to the
documentandthe componenfor thesecondaskgenerates
areplyform with theevaluationform, wheretitle andauthor
arealreadyfilled outandwhereabuttoncanbeusedto mail
thereply form backto the organizer The organizemailsa
new HTML documentontainingthecomponentso theref-
ereeq4) whereit is addedto their work lists. At time (5) a
refereeopensthe documentfetchesthe papersassignedo
him andsendsattime (6) thefilled outevaluationform back
to the organizer The returnmessageould containenough
informationto be processeautomaticallyby the mailbox
administratiorprogramandwould insertthe evaluationin-
formationinto the main organizingdocument. This doc-
umentcan contain methodsfor requiring overduereferee
reportswhich canbetriggeredby time andcanbe sentout
automaticallyor afterinteractionof the organizer Oncethe
conferencdaskis over the organizercansupplythe docu-
ment(with or withoutresults)to the casebaserepositoryto
maleit availablefor others.

5 Conclusion

We think that the tools and methodsusedin office au-
tomationsystemssupportcollaboratve developmentmuch
betterthantheir counterpartsn businessnformation sys-
tems. However, active componentandbetteraccesgo se-
manticinformationof thedocumentsisedin office automa-
tion systemgwe calledthembusines®bjects)canhelpsub-
stantiallyto develop highly collaboratve businessapplica-
tions.
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