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Abstract.  Traditional processsupport systemstypically oer a static

composition of atomic tasks to more powerful services.In the real world,

however, processeshange over time: businessneedsare rapidly evolving

thus changing the work itself and relevant information may be unknown
until work o w execution run-time. Hence, the static approach does not
su cien tly addressthe needfor dynamism. Based on applications in the
life sciencedomain this paper puts forward ve requirementsfor dynamic
processsupport systems Thesedemand a focuson atight userinteraction

in the whole processlife cycle. The system and the user establish a con-
tinuous feedbad loop resulting in a mixed-initiativ e approach requiring

a partial execution and resumption feature to adapt a running process
to changing needs.Here we presert our prototype implementation NEXT

and discussa preliminary validation basedon a real-world scenario.

1 An lllustrating Scenario - As is

Peter, the chemist in our scenario, needsto determine the 3D structure of a
bio-molecule using NMR spectroscopy. Without having IT support, he useshis
paper lab book to construct a rough experimertal plan. He then starts the exper-
iment. Only, he forgets to calibrate the spectrometer, a fact he quickly realises
asthe spectrometerreturns rst data, which shaws a systematic and cortin uous
shift over all values. At somelater point, Peter stumbles on a problem with his
experiment, which he does not know how to solve. He is unable to interpret
a spectrum correctly and therefore to choose which measuremen to perform
as the next step. He reads a publication about a similar problem and makesa
lengthy (formal descriptions are hard to explain in prose form) telephone call
with his advisor, which is visiting a conferenceoverseas Anyhow, his advisor can
help him and following his lead, he studies someintermediate results returned
from the spectrometer. Peter then realisesthat he forgot to repeat a proceeding
measuremeh with adapted parameter valuesrendering the current measuremenh
totally uselessBut even worse, he did not store the intermediate results during
the execution, so he hasto restart the execution from scratch.



2 Intro duction

The scenarioshows that conducting meaningful experiments or exploratory ac-
tivities requires a user to construct a complex and long-running sequenceof
atomic tasks which may have to be changedduring all phasesin their life cycle
(processchoreography [1]). Their sizecan be very large leading to long and com-
plex interrelations. Furthermore, processesnd their elemerns may changetheir
degreeof specicity (seeFigure 1) over time: Underspeci ed processesan be-
comewell speci ed when more information becomesavailable and well-speci ed
processescan becomeless specied (e.g., due to exceptions) { thus, the pro-
cessmovesalong the Speci cit y Frontier [2]. A systemacting in domainswhose
processesshow varying degreesof speci city and dynamically move along the
frontier must conform to sudh behaviour.
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Fig. 1. The Specicit y Frontier [2]

Usually, seweral potential realizations exist for an atomic task (such asWeb or
Grid Servicesor local procedurecalls), so choosing the appropriate one (process
orchestiation [1]) turns out to be non-trivial. At run-time, exceptions can be
thrown (e. g., hardwre malfunctions, software crashes),unforeseeableevents may
take place or the userwants to intervene when he obsenes something unusual,
forcing the execution to halt and the systemto react accordingly. The process
must then be adapted in someway preserving its correctnessand consistency
Finally, the execution must be resumedat the correct and optimal resumption
point. Oncethe experiment has nished, all its related data must be documerted
(e.g., for publication in academiaor to record that the processwas maintained
in legal environments).

In our opinion, a processsupport systemacting in highly dynamic domains
must focuson the userand keephim/her engagedn atight interaction. Basedon
the system'sdomain knowledgeand the explicitly giveninformation, the system
should provide contextual guidanceto the userin all situations, especially in the
complex creative phasesof his work. More speci cally, basedon the preliminary
work [2], we proclaim that such a systemhasto ful Il the following requiremerts:

R 1: Support usersthroughout the processchoreograpty and orchestration steps.

R2: Support partial executionsand dynamic adaptations at run-time.

R 3: Integrate reasonersand plannersto provide useful alternativ esfor the user.

R 4: Incorporate a Case Base Then a Case Basal Reasoner [3] can infer useful
information from past cases(from both best and worst practices).



R5: Support (semi-)automated data mediation to connect processeswvith di er-
ent data formats which are transformable into ead other.

In this paper we will presen an overall approac for a processsupport system
addressingtheserequiremerts. We focuson the secondoneand will showv in more
detail how partial executions, run-time adaptations and changesto parameter
values can be supported. The remainder of this paper is structured as follows:
In Section 3 we operationalize the requiremerts into concretefoundational chal-
lengesfor our prototype NEXT (N ext-generation Experimert T oolbox). Section
4 then intro ducesthe most important architectural and implementation aspects
of NEXT. A preliminary validation of the prototype in the context of the intro-
ductory scenariois discussedn Section5, followed by a comparisonwith related
work in section 6. We concludewith a summary and an outlook on future work.

3 Overall Operationalization of NEXT

In order to assureand a clear separation of concerns,we divided NEXT into
two parts: the underlying knowledge bases(KBs) cortaining all the domain
knowledge and a generic execution support system. The cortent of these KBs
is provided in a formal, machine readablelanguage,which is a pre-requisite for
planning and reasoning(R 3, R4). We identi ed three typesof ertities to store
in separateonline KBs: First a ProcessLibrary with modelsfor all atomic tasks
and templates for composite processeswith a loose coupling to their concrete
realizations allowing for their dynamic reassignmen (R 1). Second,a Data Entity
Library containing modelsfor all data/ob ject typesto enable (semi-)automated
data mediation in ful llmen t for R5. Last, but not least, a CaseBase cortaining
a collection of completed processexecutionsenablesboth automated as well as
human casebased reasoning (R4). Note that due to the KBs NEXT exhibits
signi cant network e ects in the micro-economic sense:the more people use
it the more attractiv e it becomes.If a su cien tly large group of peoplein a
given domain publish their processednto the repositories then the possibility
for knowledgeexdangeincreasesgcollaborating in designing/executingprocesses
is simpli ed, and their use as casebasesand domain KBs increasesthe quality
and diversity of planner/reasoner results.

We follow an approach known as Mixed-Initiativ e planning and execution
[3]; the user and the NEXT system work hand-in-hand informing ead other
with newly discovered facts. The more information and constraints the system
receives from the user, the more (implicit) knowledgeit can infer and presen
to him. He then can usethis additional information to either retrieve even more
information or make decisions,both of which becomenew input for the system.
User and system are, thus engagedin a cortinuous feedbad loop. In addition,
the system cortin uously monitors newly arriving information (such as detected
exceptions) and initiates an interaction with the user whenewer necessary

NEXT guidesthe user by providing suggestionswheneer she has to make
decisionsor she explicitly requestshelp. During the process choreography the
system's degree of assistanceranges between suggestions,which processesare



suitable for the next step, and the generation of whole processplans at once
(R1). During the process orchestration the system will (1) guide the usersto
concrete realizations and (2) help them to decide which one is suitable under
the given constraints and userpreferenceg R 1). When two processeare chained
together by a data ow and the types of their parameters are not "castable",
then the systemtries to resolve the mismatch or suggestssolutions to the user
(R5). The execution history is recordedand contains the execution sequenceof
atomic tasks, the links to usedrealizations, and all intermediate results. This is
an apparert prerequisite to build up cases(R4) for CBR.

The NEXT userinterface (Ul) attempts to integrate all the necessarnytoolsin
one common interface (the workbendh metaphor). NEXT's target audienceare
not computer sciertists (but domain experts), sowe tried to provide assimple as
possibleinteraction approades.A graphical data- o w style editor allowsthe user
to easily create, start, pause,and adapt work o ws and shows also the current
state of the processduring execution. Interactive browsersallow querying and
browsing the KBs at any point in time and reasoners/planers/mediatorsact as
wizard-like pop-upsto impart advise whenewer asked.

3.1 Supporting Partial Executions and Adaptations

In cortrast to pure static work o ws, dynamically ewolving processedn most cases
cannot be fully speci ed before the start of the execution (e.g., somerelevant
information becomesonly available at run-time). Therefore, we allow the userto
start executing such processesat least aslong asthe rst stepsin the sequence
are well speci ed. Over time the amount of information rises and the process
speci cation can be improved iterativ ely. Nevertheless,every problem that leads
to a failure at runtime must be resolved. Hence, our concept of partial execu-
tions consists of four elemerts: (1) errors in the processspeci cations and/or
exceptionsand events must be detected beforethey a ect the execution, (2) the
processexecution must be interruptible, (3) the user must be able to adapt the
processto solve the problem, and (4) the execution must be re-cortinuable at a
correct and optimal point to ensurethe overall processconsistency

The processspeci cation is validated ead time beforethe executionstarts (or
re-cortinues)and at run-time, exceptionsand everts are caugh by an exception
handler. For further handling, we deweloped an ontology of possible incidents

Exception Resolution  Strategy

Hole in the 1. Call planner to provide alternativ esto Il the gap

sequence 2. Ask userto de ne a realization manually

Missing 1. Query KB for processesthat produce the missing variables
parameter makes|2. Relax the condition

a condition 3. Remove processesvhose e ects make the condition unsatis able
unsatis able 4. At run-time, instantiate an input and let the user enter its value.

Table 1. Excerpt of the problem ontology including the problem resolution strategies



combined with adequate (semi-)automated resolution strategies (see Table 1).
After catching a problem, NEXT exploits this ontology to map ead problem to
an incident and determinesthen the priorit y for the problem resolution. When-
ever a seereincident is detectedthat endangersthe immediate cortin uation of
the processthe respective resolution strategy is applied instantly. On the other
hand, minor, not time-critical problems are simply reported to the user which
then can trigger the resolution manually (or the incident's se\rity rises over
time above a threshold and then needsto be resolved immediately).

In most casesatomic tasks will not be interruptible when already under
execution (except they explicitly support this behaviour). In most casesthis
issuecan be addressedby interrupting the execution of the overall processwhen
the execution of the current atomic task nishes. If the causefor the interruption
is related to the outcome of the atomic task's execution then its outcome will
have to either ignored, undone, or taken into accourt whenit nished (in fact,
this is an instance of the Speci city Frontier). Consider this logistics scenario:
The plane transporting a piece of cargo for us is already airborne and we hear
that the cargosta at the destination airport is on strike. Thus, it will not be
delivered at the demandedtime, which is a hard constraint from our costumer.
Since, it is not in our power to reroute the plane we have to adapt our process
to the new circumstances.

Whenewer possiblethe strategies attempt an automated, systems-ledreso-
lution of the exception. If this fails or the userintervenes,sheis integrated in
the loop (usually when too little information is known for the incident's resolu-
tion). We found that the majority of the resolution strategiesinclude changesin
the parameter values or adaptations of the process'scortrol and/or data ow.
Thus NEXT must support such changeoperations and guide the userby the same
mechanismsasduring processcreation phase.ln addition it must be ensuredthat
the process'snew execution plan is consistert and of its execution trail/history
remainscorrect and consisten. Before re-cortin uation of the processthe correct
and optimal resumption point must be found. Whenewer processe®r parameter
valuesthat already were executed respectively computed are changed, it must
be computed wether the execution path is still correct. If not, some processes
must be rolled bad to start over at a previous stage of the execution.

4 The NEXT Protot ype Implemen tation

In order to ensuredomain independenceour system'sprocessmeta-model de nes
the system'sview on both processesnd data ertities (R3, R5 - Planner, Medi-
ation). Code waswritten in terms of meta-model conceptswhereasapplications
may inherit from or extend the meta-model for their own purposes.We describe
processedy their IOPE, meaningthe (semartic) notion of inputs, outputs, pre-
conditions and e ects (or post-conditions) and encade them in a declarative,
formal and machine readablelanguage.Theseare the minimal properties to use
Al planners[4] (R3). We furthermore di erentiate betweenan AtomicTask and
a CompositeProcess whereasonly the former can be related with one or sev-



eral mappingsto concreterealizations (R1). The mapping cortains the specic
how (and where) to invoke a realization. A CompositeProcesson the other hand
consistsof a sequenceof processegpotentially both atomic and composite). We
have chosento use OWL-S [5], becauseit supports most of the conceptswe need
out-of-the-box. When the execution of a processstarts, the HistoryTrail is at-
tached. All atomic tasksin their execution sequenceand all intermediate values
of all parameters are stored and de ne hereby a Case (R4). Dataltems can be
nestedto composecomplextypes(R5 - mediation).

As our processexecution engine we extended the Mindswap OWL-S API?!
with two features: First, we added a new type of grounding that an atomic
task directly maps to a Java method. Second,we augmened the APl with a
facility to interrupt and resumea processexecution. NEXT, furthermore, pro-
vides a componert to retrieve content for the user assistance(R1, R3-R5) and
a secondcomponert cortrolling the partial execution and dynamic adaptation
aspect (R 2), which we presert in more detail in the next section. The guidance
componert integrates seweral types of inferencing mechanisms:

{ Deductivereasonersacting directly onthe semaric model items. Speci cally
we usedthe Pellet reasoner[6] that camewith the Mindswap API.

{ A CaseBasedReasonercan nd past processesimilar to the onein use.The
current implemertation relies on SimPadk? [7] to retrieve similar ertities.

{ A plug-in interface to integrate se\eral Al planners suitable for web service
composition [8,9,10,11,12] into the system. Herby we can exploit their spe-
cialization on a certain planning aspect (e.g. to use planners addressingthe
changing information issue[13,14].

NEXT is basedon the Eclipse® framework. It is built as a workbend inte-
grating graphical tools for all important purposes.A processeditor allows the
graphical creation and editing of work o ws, their initiation and interruption. as
well as monitoring all process-relatedinformation such as partial results during
execution.

4.1 Supporting Partial Executions and Adaptations

We implemerted a hierarchy with speci ¢ handlers for ead type of incident in
our ontology. These handlers encapsulatethe incident itself, its sewerity, and
implemert its resolution strategy. To easethe dewelopmert of these strategies
generalfacilities for common steps are provided by the NEXT system (such as
Ul widgets for userinteraction or encapsulationsfor standard interactions with
planners). We then extendedthe Mindswap OWL-S API to perform consistency
cheks on OWL-S processdescriptions for design-time detection of problems
and improved the exception handling within the execution engine for run-time
detection. Both methods return an instance of incident stubs (or a list thereof).

! seehttp://www.mindsw ap.org/2004/0 wi-s/api
2 seehttp://www.i .unizh.c  h/ddis/researc h/semweb/simpack/
3 seehttp://www.eclipse.org



Depending on its se\erity, the incident is either added to a warning list for
detached resolution or the resolution strategy is immediately applied. As long
as the problems are not resolved, The execution is postponed (when not yet
started) or stays interrupted aslong as not all sewere problems are resohed.

Once the execution (re-) starts, the correct and optimal resumption point
must be computed. If all changestook place after the current execution point,
then we can simply cortinue the process.Else the algorithm attempts to roll
bad all the e ects of the computation by applying the following strategy to
ead processstep backwards until the rst change:

1. When an inverseprocessis speci ed, invoke it. Proceedwith next step.

2. When the processtriggered no changesin the world state besideslO trans-
formations, the corresponding valuesare set badk. Proceedwith next step.

3. The useris asked to perform the roll-back manually. To suggestpotential
solutions, the processlibrary is queriedto nd a processwith reversedin-
put/output and pre-/p ost-condition.

4. Abort the execution.

Note, that we must consider that massive amourts of data can be generated
during the execution. Hence,storing all intermediate results on all atomic tasks
is unpractical. We therefore let the user de ne storage points in the processse-
quenceat which the intermediate results are written on disk. Second,note, that
nding the correcttermination point for the strategy above shovs somecomplex-
ity too. Parallel execution of stepsor loop construct may intro duce dependencies
betweensteps, which must be taken into account. The actually implemerted al-
gorithm takesthesetwo points into consideration. With all these considerations,
we propagateto fulll R2.

5 Preliminary Validation {
The Intro ductory Scenario Revisited

Let us have a secondlook at our scenario.Peter conductsthe sameexperimernt,
this time with a copy of NEXT. First, he nds a similar project in the past,
adopts its processsequencgseeFigure 2 for a screenshotof NExT) and adapts
it slightly to his needs.The "calibrate spectrometer" processis part of a) the
pre-condition of the "run measuremetl’ processand b) the standard "setup
spectrometer” processtemplate, so this time Peter does not forget this step.
All the stepsthat can be automated such as spectrometer calibration or some
simple analysis stepsare executedautomatically, but still sometasks needto be
performed manually. Peter though encourters the sameproblem as before. But
this time, the system provides him se\eral potential solutions and he chooses
the correct alternative amongstthem. NEXT re-setsthe execution pointer to the
correct position and cortinuesthe experiment avoiding its restart from scratch.
In the end, Peter completeshis experiment with successand much faster than
earlier. In addition to his prose report, he uploads the whole caseincluding
all intermediate results, the history trail, and all additional information into a
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Fig. 2. Screenshotof NEXT with the experimental sequencefor a NMR case

sharedknowledge baseof the journal. Furthermore, Peter is able to generalizea
part of the processsequencedor a certain type of bio moleculesinto a template
and publishesit in a NMR-community maintained Knowledge Base.

6 Related Work

Most of the ProcessSupport Systemsthat have been deweloped in the past
30 years support either xed, pre-de ned, standard processes(e.g., work o w
managemen systems)or informal ad-hoc dynamic processeqsuch as e-mail or
groupware). The former useformal processde nitions and can thus assistusers
during the work o w creation whereasthe latter are not bound to strict rules to
ensure exible processadaptations at run-time. Only a few systemsprovide the
basefor both. The FAR [15] systemimplemerts an exception handler basedon
Event-Condition-Action (ECA) rulesde ned in a speci ¢ exception speci cation
language. ADEPT ¢ ex [16] is based upon a graph-basedwork o w model and
includes a complete and minimal set of (dynamic) change operations such as
task insertion or deletion. Consistencyand correctnessare presened hereby.
Modern systemsfrom the life sciencecommunity are oriented towards service
orientation and grid computing. Prominent represenativ es thereof are Kepler
[17], Pegasus[18], and Taverna [19]. They all provide the basic functionality to
help usersin the procesdife cycle, but noneof them is focusedon highly dynamic
processesnd tight userintegration. Both Taverna and Kepler allow the userto
manually pausean execution, Taverna can re-assignintermediate results during
an interruption and Kepler allows in addition adaptations to the control and
data ow. Pegasuson the other hand di erentiates between the processand



its realization, usesa partial-order planning [4] algorithm for guidancein the
processcomposition and in combination with Virtual Data System [20] some
interfacessupport for data mediation are provided.

7 Future Work/Conclusion

In future, we want to deploy NEXT in a life scienceenvironment to obsene its
practical usagefor complex experiments. We plan to extend OWL-S by integrat-
ing the conceptsof exceptionsand events into the language.This would enable
reasoning upon these concepts and thus improve the user guidance facilities.
Furthermore, we will incremertally extend and re ne our incident ontology and
NEXT's facilities for applying the resolution strategy. Also, we hope to exploit
the ongoing researt on both Al and non-Al composition algorithms to o er
further guidanceto userson the processcomposition and adaptation steps.

In this paper, we preseried an approad for a processsupport system that
assistsits users throughout the whole processlife cycle from creation to en-
actment, adaptation and publication in the end. The system aims at domains
confronted with complex, long-running and highly dynamic processesThe pro-
cesssupport system maintains a tight interaction with its human users:they
want to be assistedin the creative work parts and they needto have the full
control, but simple and monotonic tasks should be executed automatically to
hold o the userfrom thesetime-consuming tasks.

As our main cortribution we developed ve requirementsfor processsupport
systemsin complex exgerimental domains We have, furthermore, shaovn a ba-
sic architecture and key implementation elementsof our NEXT processsupport
system based on Semaric Web technologies and Al planning and reasoning
methodologies (planners, Case-BasedReasoning) that implemerts our vision.
We especially focusedon the partial execution feature (R2) and shaved how we
detect problems, exceptions,and everts at run-time (as well in design-time), al-
low for appropriate adaptations in the process,and resumethe execution at the
correct and optimal resumption point. We hope that sudch systemswill enable
the practical use of Semartic Web Servicessystemin practice.
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