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Abstract

In order to answerthe questionwhetherthe “World Wde
Web can serveas an infrastructue for businessapplica-
tionsin a globally, distributedand collaborative business
ervironment”, one has to step badk and addressfirstly
thequestionconcerningheprerequisitesof collaborative
problemsolving: whatis involvedin collaborativeproblem
solvingin a businesscontet in general and which tech-
niguesandwhatmedanismsavailablein the Internetcan
be usedto supportthis task. This papertries to developa
framawork for classificationand evaluationof currentap-
proachesandto offer perspectivedor the developmenbf
new infra-structumal concepts.

1 Application requirements

Supposdhatthereexistsa socio-technicasystems; with
a setof actors.A. The setof actorsdependson the ac-
tual staté of the systemsS atagiventime ¢t. S is usedif
not a specificstateis described.A changein the system
S may leadto an updatedsetof actors.A’. An actormay
beahuman,arobot,aprogrametc.,thiswill bemorepre-
cisely specifiedwhereneeded.A groupof actorsmay be
describedassingleactor, hidingthemechanismaecessary
to assigrsubtaskso individual actorsif atasksis assigned
to the abstractactor, representingor examplea role or a
team.

Initially, thereis aproblemP to solve. At agiventimet,
aproblemstatemen®; describeshe stateof P in agiven
languagel. The initial mappingof P to D;, is called
denotationof a problem. In a businesscontext the prob-
lemstatemenD; includesthefollowing informationatany
time:

e Problemgeneratom,, i.e. the actorwhich first intro-
ducesthe problem?P into the systemsS atthetime,.
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1 This follows the basicnotion of systemasgivenin [4].

e Problemsupervisora,, i.e. theactor(or groupof ac-
tors) responsibldor the control of the problemsolu-
tion procesg5].

e Descriptionof the problemto solve.

o Additional problemcontext information: This infor-
mationis provided with the intentto guide, acceler
ate and to easethe problem solution process. The
contet information caninclude generalinformation
(time and space)and ernvironmentspecificinforma-
tion suchasbusinessules,problemtrail, solutionre-
latedincentives,referencdo a casebaseetc.
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Figurel: Informationflowing to andfrom anActor

Now, let us follow the life-cycle L” of a problem?P
throughthe systems,

Dy — Dty — ... — Dy ,neN (1)

The life-cycle L” denotesthe sequenceof changesn a
problemstatemen®. The changesncludeincorporation
of intermediateor final results,refinementsf the initial
problemstatementprogresgeportsetc. andassignments.
For a problem?P to be solved it hasto be assignedsee
Figurel)to atleastoneacto? duringL”. Whenaproblem

2Someproblemsmay be solved without an actorby becomingobso-
lete;thetime “solves” the problem.



is assignedo an actor, the actormay solve P on its own
or he might derive new subproblemsP frequentlyaimed
for delegation. Thetrail L” of a problemP consistsof the
trailsof 7 andL”.
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Figure2: Trail of a Problem

Therearetwo maintopicsto discuss(1) theassignment
of problemsto actors,and(2) the setof operationsanactor
canperformon (with) a problem. We will concentraten
topic (1) now andswitchto topic (2) in Sectionl.5where
policiesarediscussed.

1.1 Actorssolving Problems

First,let ussupposehatthe problem? is alreadyassigned
to anactora. Theassignmentook placeattimet, andno
updateof the problemstatementvasperformedsincet,,. a
hasthe problemstatemen®;, available.

Thefirst questiona hasto answeris the following: Is
the information available in the problemstatemensufi-
cientto decideuponthe next action to perform? If the
answeris “NO”, possibleactive sourcesof furtherinfor-
mationare (1) the problemgenerator(2) the problemsu-
pervisor or ary otheractorinside (3) or outside(4) the
systemS;.2 Here,active meansthat the recipientof an
informationinquiry (which is itself a problemstatement)
is ableto processhe statementasdescribedhere. Other
possiblesourcef informationareall sortsof documents
from insideor outsideS; availableto a. Eachnew infor-
mationrecevedmaycontributeto anupdateof theproblem
statemenD;, . This taskis the first amongthe maintasks
anactorhasto perform(Figure3).

Clearly, at eachstageof the possiblyiterative task de-
scribedabove, arough-cutfeasibility decisionhasto made
whetherthe costinvolvedwith thetaskarestill in relation
to the incentiveswhich canbe deducedrom the problem
statemenD;. Let usassumehata is autonomougnough
to make this feasibility decisionitself. Obsene thatanup-
datedproblemstatementnay leadto lessincentvesfor a

3The actora is itself a possiblesourceof informationbut a is im-
plicitly includedsincehis knowledgeinfluences/determine$e decision
uponwhich actionto take next aryway.
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Figure3: Main Tasksof anActor

to solve the problemcomparedo theincentvesrelatedto
theinitial statemenD,_. This costhaluetrade-of decision
may leadto a breakof theinformation-gatherindoop de-
scribedabove. Theassignmenbf a to P will beresohed,
theassignmentaskhasto beperformedagain.lt isaques-
tion of the goal systemandthe control policy whetherthe
costsincurredwith thetaskof informationgatheringsofar
will reducethe budgetof a or the available incentives of
P. Wewill notdiscusghisor similar questiongurtherbe-
causewe only aim atidentifying generictasknecessaryo
analyzea problemsolutionprocess.
Let us assumeéhat the problemstatements at time ¢,

specificenoughto allow further processing.Most gener
ally, thefollowing operationsarenow possible:;

¢ Rejectthe problem.This mayhave two reason:solv-
ing the problemseemso beinfeasibleor impossible.

e Solvetheproblem.Thisinvolves:

1. Decompositiorof P into subproblemsP.

2. Denotationof the subproblemsP and assign-
mentto actorsa,. When the assigningactor
is differentfrom a, a subproblenis delegated.
Notethatthereis a certaininefficiengy involved
in delegation sinceit causesoverheadsuchas
problemdenotationand resultintegrationin a
andtheproblemevaluationandreportingtimein
a,. This overheadshouldbe lessthanthetime
to solve the subproblenfP otherwisethe system
is locally inefficient.

3. Integrationof results. A solutionto a problem
can consistof information and/ormethodsde-
pendingonthetypeof theproblem.An example
of amethodreturningproblemis "I amlooking
for a methodto solve the following type of ac-
countingproblems”.

4. Controlling the problemsolution process.This
task is importantto relate the static problem
descriptionto the dynamicernvironmentof the
problemsolutionprocess.An actora may ob-
taininformationwhich makesit necessaryo re-



vise the problem statementor the decomposi-
tion.

e Reportthe successfubr unsuccessfuproblemsolu-
tion to the problemsupervisor

The derived problems? can be mutually dependentnd
might require coordination. Thesedependenciesan be
expressecdhs a sequentiar concurrentassignmenbf P
to anactor Theassignmentlefinegheflow of work of the
problem.

A decompositionrmayor maynotdependnknowledge
aboutthe capabilitiesof actors. In generala revision of
the decompositions necessaryf thereis for agiven? no
assignablectoror if the assignedactoris unableto solve
P. Assignmentrevision can make it necessaryo revoke
subproblemd$rom actorsto changeproblemstatementsf
P andto communicatehesechangesgtc. The processof
revocationcan transitvely follow the problemtrail. The
control subtasksnusttake all thesedependenciemto ac-
count.

The knowledge and creatvity of the actora is docu-
mentedmainly in its information processingwhile clari-
fying theinitial problemstatementandwhile controlling
the solutionprocesspndin its decompositiorandintegra-
tion decisions. Possibilitiesto supportthesedecisionare
describedn Sectionl.4. The centralflow of information
relatedto a problem solutionis bi-directional along the
problemtrail, where problem statementsare exchanged.
We call it the verticalinformationflow. The horizontalin-
formationflow occursprimarily betweercompetingactors
andis discussedh thefollowing section.

1.2 TheAssignment Problem

Eachtime a problemstatementD is initially formulated,
anactora € A hasto be assignedsubsequentlyo it for
furtherprocessing. This assignmenproblemcanbetack-
ledin variousways. It is a problemspecificformulationof
the classicakesourcallocationproblem([7].

1. Explicit AssignmentAn actora; assigngheproblem
explicitly anddirectly to anotheractoras. a; mustbe
sufficiently informed aboutthe capabilitiesof a,. If
as is notallowedto rejector delegatethe problem,a;
hasto considera,’s workloadaswell.

41f anactord hasto decideata certainpointin time, ¢, which actora
shouldbe assignedo a problem,obviously the setof actors.A available
for assignmentlepend®nS;. Butthisis only partof thetruth: if therules
encodedn S; allow for assignmentsf problemsto actorsfrom “outside”
S¢, the setof actorsneednot be boundto elementsof S;. Nevertheless,
thismayleadto anextension/changef S suchthata becomeanelement
of § atasubsequenpointin time.

2. CompetitiveAssignment: The problem statementD
is offered to one or more actors. This may include
the useof a blackboardor similar tool. Oneor more
actorsmay/shouldcompetefor the assignmenof the
problem.

The secondcasementionedabove leadsto horizontalin-
formationflows. Eachcompetingactor may gatherinfor-
mationto specifythe problemstatemenmorepreciselyto
decidewhetherhe is ableto solve the problemwithin the
cost/incentie boundariegjivenin the problemstatement.

In orderto decidewhich actor shouldwork on a prob-
lem, coordinationamongthe actorsis necessarylmplicit
coordination is a processwhere the problem supervisor
collectsinformation aboutthe abilities of the competing
actors,(e.g.time, cost, and quality information) and per
formsthe assignmenbasedon this informatior?. Thein-
formationflows betweerthe supervisorandeachcompet-
ing actor

Explicit coordinationrefersto a processf solvingthe
assignmenproblemthroughdirectcommunicatioramong
competingactors. Thereis no inherentneedfor informa-
tion flow betweenthe supervisorand every single actor
Thecompetinggroupof actorssolvestheassignmenprob-
lem onits own, consideringndividual workloads,organi-
zationalrelationsor stratgyic decisions.Thisexplicit coor
dinationenableghe problemsupervisoto puttheproblem
statemenbn a blackboardandto “take no care”of the as-
signmentprocesgwhile still having the dutyto controlthe
problemsolving process).

1.3 Information Flows

Let us summarizethe information flows concerningP in
S. Theseinformationflows areof thefollowing types:

1. Informationflows betweenractorsfollowing the prob-
lem trail vertically (up and down). Problemstate-
mentsareexchangedthe problemsolutionprocesss
controlled.In the caseof competitive assignmenibid-
ding andknockingdown informationis exchangeds
well.

2. Informationflows betweeractorsonthesamedevel of
thetrail. This horizontalinformationexchangehap-
pensfor exampleduring competitve assignmentin
teamformations,or for synchronizingmutually de-
pendensubproblems.

3. Information flows betweenone actor and somein-
ternal or externalinformation sources. This supple-
mentalinformation flow may occur at eachstageof

5This processcanbe a market-like processof sendingbids and price
information;for somebackgroundseefor example[7].



theproblemsolving processe.g.,while trying to cre-
ateamorepreciseproblemstatementyhile deciding
whetherto solve the problemor not, or while trying
to solve the problem. Candidatedor supplemental
sourcesarecasebasesdatabasesregulationsetc.

1.4 Learning about Problems

WhenaproblemP is assignedo anactor theactorshould
besupportedy providing supplementahformationabout
previously solved problemsP; whereP, shouldbe suffi-
ciently similarto P. In thistaskit is necessary

1. to identify andcollectrelevantinformationaboutre-
lated problems(a casebase). It may suffice to sim-
ply storethe problemtrail, but only if the decisions
leadingto decompositionsf problemsaresimpleand
needno documentation.Otherwise,an actor hasto
explain his decompositiorand integration decisions
to capturehis knowledge;

2. to recognizesimilarities betweenproblems(cases).
This generallyincludesthe ability to group/abstract
problemsinto types;

3. tooffer aninterfaceto actorsfor easysearchandeval-
uationof cases.

Laterin this paper(Section2) the contribution of problem
trails to the casebaseis called“indirect collaboration”.

1.5 Policiesin Systemsfor Problem Solving

The constituentof a systemfor supportingproblemsolv-
ing in a businesscontext can be describedin the terms
givenabove, with oneaddition: policies.

A policy determineghe choicesto be madewhile de-
signingandusingan arbitrarysystem for example,anas-
signmentpolicy for the assignmenbf problemsto actors.
In generalapolicy is afunctionof somespecificinforma-
tion (like aproblem)anda context to operationse.g.

p(ProblemstatementContext) — Opemtions (2)

If the operationsareunknown at thetime of the definition
of thepolicy, thefunctionis notto operationsut to criteria
allowing atestingof operationdor suitability. Amongthe
policiesneededo constitutea systenfor problemsolving,
arethefollowing.

Assignment Policies Theseare policies relatedto the
way problemsshouldbeassignedo actors.

o Explicit assignmenof P throughas to a. Assignment
only alongthe managemerttierarchy

e Competitve assignmentEithera, selectsa compet-
ing actor(a) or thegroupof actorsdecidestself about
theassignmengb).

e Policiesstatingto whom certainproblemsin certain
circumstancesay be assignedo, for example,such
a policy determinesvho will becomethe supervisor
of newly generategbroblems.

Control Policies This mayreferto

e Controlof the problemsolutionprocesssuchasstat-
ing whetherdirect addressingf actorstwo or more
managemerievelsabore a, is allowed,or whatmea-
surescan be taken if a responsibleactora; obtains
solutionsfrom az in badquality (insufiicient, to late

)

¢ Control along the managemenstructuresof S (and
thus somavhat independentf problemtrails), stat-
ing, for example,whetherit is allowedfor a manager
a; of anactora, to force ay to rejecta competing
problem.

e Control of the structureof (partsof) the systems,
stating who is eligible to changecertain policies,
goals,elementof S.

Information Policies This mayreferto

e Policiesregulatingwhich actoris allowed in which
situationto communicateo certainotheractors(from
in- or outsideS) in whichmannere.g.member®of the
department: arenot allowed to requestinformation
from a memberof somedepartmeny while solving
problemsof a certaintype.

e Protocolpolicies regulating the type of information
flowing in certaincommunicatiorcontexts.

Problem Solution Policies Thismayincluderegulations
aboutthe amountof work an actora hasto investinto a
subproblembeforeaq is allowed to delgyatethe subprob-
lem aswell aspoliciesregulatingtheaccesgo supplemen-
tal informationsuchasthe problemcasebase.The policy
defineswhatis retrievable whathasto be contritutedetc.

Applying Palicies Thefollowing policiesmaybe partof
adescriptionof a hierarchicalorganizationstructure.

e Assignmentpolicies: Explicit assignmentOnly cer
tain actorsare allowed to assignproblemsbetween
departmentor to actorsoutside S (out-sourcing).
Generally assignmenis allowed downwards along
themanagemerttierarchy



e Control policies: Problemsmay exist without an ex-
plicitly assignedupervisorA problemsupervisom;
maydirectly controlthe problemsolutionof any actor
a» below a; in the managemenrhierarchy Arbitrary
measuresaybetakenif a; expectsasolutionof bad
quality. No direct control acrossdepartmenbound-
ariesis possible. In this case,control is only possi-
ble via amanagenf a,. In generaltheright to con-
trol structuralelementof S is givento certainactors
with a certainpositionin the managemenhierarchy
Thus organizationaldevelopment,which necessarily
involvesthe changeof structuralelementsof S, can
only be performedthrougha complex processalways
involving certainactors.

e Information policies: Communicationis often re-
strictedby departmenboundariesEvenfor problem
supervisorgs it impossibleor difficult to communi-
catewith all actorsonthetrail of their problem.

e Problemsolution policies: No generallyaccessible
casebaseexists. Actors not allowed to further del-
egate problemshave to solve the assignedproblem
ontheir own. Delegation(andthusdecomposition)s
problem-independentlyestrictedby the assignment
policies.

A policy-basedcharacterizatiomf an organizationcanbe
helpfulin analyzinginformationflows, informationtypes,
communicatiorandsupervisingstructuresetc® Now, the
set of elementsnecessartto describesystemstrying to
solve problemss sufficiently complete. Thefollowing sec-
tions discusssomegeneralrequirementdor information
systemsupportingproblemsolvingandcomparehesere-
guirementgo the capabilitiesof Web-basedystems.

2 Collaborative Problem Solving

In this context, collaborationrefersto a direct or indi-
rectprocesf intertwinedactiities of two or moreactors
while solvingthe sameor relatedproblems$. Theseactivi-
tiesmayor maynotrequireexplicit coordination.
Thesimplestform of collaborations indirectcollabora-
tion, whereactorsuseresults/knavledge/informatiorother
actorsmadeavailablefor examplein ashareccasebase.

8Thereademaytry to develop a setof policiesdescribinga collabo-
rative, team-orientedrganizationstructure.

"Dueto thevalid criticism in [2] we do not usethe cateyories“asyn-
chronous”and“synchronous’to cateyorizecollaboration.

81f a generalbusinessgoal is the “point of relation” betweenthose
problemstheuseof thetermcollaboratiorbecomesneaninglesbecause
if discussedrom this perspectie all problemsin a businesscontet re-
quirecollaboratiorto be solved.
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Figure4: IndirectCollaboration

Direct collaborationrequiresa commitmentof all par
ticipating actors. As shavn in Figure5, a delegatedcol-
laborationleadsto contributionsto the problemsolutionof
thedelegator

a, solvingD1
contributes

—O
solution

2
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a, delegatedD’ O

a, solvesD’

Figure5: Direct Collaborationby Delegation

In thecaseof ateamcollaboratiortheexchangeof prob-
lem statementss simplified. In general,the transaction
costs[8] relatedto the collaborationof the team mem-
bersdecreaseghusenablingan intensifiedflow of prob-
lem statements.A secondeffect diminishesthe required
problemstatemensize. Informationconcerninghe prob-
lem context canbe reducedsincethis informationis gen-
erally exchangedn the phaseof teamformation.
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Figure6: Direct Collaborationby TeamFormation

Thenotionof collaboratiordoesnotaddbasicelements
for problemsolvingsystemdo thosealreadydiscussedin-
stead,collaborationcan be describedas sendingproblem



statementdackandforth betweercollaboratingactorsor
actorswilling to collaborate.

3 Generdl
Web

requirements and the

Below, someexamplesof relatingtheelement®f ageneral
systemfor problemsolvingto generarequirementaindto
arealizationof thoserequirement®n top of a Web-based
infrastructurearegiven. Here,infrastructue standdor the
basicelementgo construcandoperatghesystem.There-
guirementsnentionedbelow arefocusingon the problem
statement®, which are the centralelementsof systems
for problemsolving.

Certainly otherrequirementgo the infrastructurecan be
derivedby focusingon the otherconstituentof S (actors,
assignmentgolicies,controlandcoordination).

3.1 Problem Templates

Requirements: Stateinfo, descriptve part, active part
supportingabstractioranddefinition of the problem.
Relation to the Web: HTML documentst stateinfo +
generaland (addedwhile solving the problem) problem
classspecificmethods.

3.2 Distributing Statements

Requirements: Sendingstatements$o actorsor groupsof
actors(addressingdr to blackboards.

Relation to the Web: Mailing of problem statements

(complity dependson the way, problemstatementgre
maintained.If they areimplementedasactive objects,in-
cludingmethodgo updatethe statemenbr to computethe
solution,anactive mail systemseemso bea suitablesolu-
tion, se€[1, 6]). Postingto Newsgroups.

3.3 Update Problem Statements

Requirements: Dependingon the problemclassor more
generalthestateof theproblemstatementgifferentupdate
methodsmay apply; thusrequiringa context and problem
specifictreatment.

Relation to the Web: Flexible problemstatementiepen-
dentreactionsof a Web Browser needsthe transition of

moresemantidnformation. Easiestvay to do sois theuse
of a scriptinglanguage.This keepsthe documenibpento

behaioral changegif arecevedproblemstatemen®d, is

viewedasatemplatefor thegeneratiorof thenext problem
statemenstateDy,  , ).

3.4 Communicating the Update

Requirements: Sendingof statement$o problemsupervi-
sorand/oranactorresponsibléor maintainingtheproblem
statemenor to all actorscurrentlyinterestedn the stateof
theproblemstatement.

Relation to the Web: Keepingthe above mentionedup-
datein mind, this meansthat eitherD; is mailedin form
of an active documentto the supervisor(performingthe
updatemostly automatically)or that the documentD; is
placedonasenerandapointinginformation(URL) is sent
to thesupervisor

4 Analyzing Infrastructures

Thesélisting of the requirementsabove arefar from com-
plete,but they show thedirectionwhich a constructve and
sufficiently completeanalysisof an applicationareamay
follow: (1) Determinethe generalcharacteristicof the
area,(2) analyzethesecharacteristicand relevant exam-
plesto deducea setof requirements(3) checkwhich re-
quirementsanbefulfilled with theinfrastructurehecho-
senimplementationervironmentoffers, and, finally, (4)
specifywhich enhancementiave to be madeto this im-
plementatiorervironmentto meetthe requirement®f the
applicationarea.Furtherresultsof ananalysisof thecapa-
bilities of Web-basegbroblemsolvingapplicationswill be
presentecttheworkshop.
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