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Abstract— Workflow and Knowledge Management became more
and more important in the recent years. Neverlesshoth of the
domains have still problems to resolve: Knowledge Bhagement
has to handle the problems of human resistance toapitalize
knowledge. Workflow Management has to deal with chages in the
process model and in process instances. Especially a knowledge
intensive dynamic process environment, it is primatial to
understand and to satisfy these two requirements tguarantee the
user acceptance. In this article, we characterizend present PIFA
— an analyze method to capture the requirements dfoth domains.
We will also illustrate how PIFA can help to desigra knowledge
management system based on the analysis results sapport
workflow and information management. Our PIFA-approach is
especially applicable on knowledge intensive dynamiprocesses.
Therefore, the process level helps capturing requéments for the
process flow, the information level helps capturinghe information
flow to improve the information sharing within a process and
between processes and the functionality level guargees that the
involved actor have an immediate surplus value anaill accept the
changes caused to the defined process flow and thegher
information capitalization. Therefore, PIFA combines the process’
actions with the knowledge capitalization and thewgplus value.

Index Terms - Knowledge Management, Dynamic Business
Process Management, Information Retrieval, Ontology

|I. INTRODUCTION

in identification of user needs, resource probleatseptance
problems, etc.

Enterprises tried often to build up a new knowledge
management system (KMS) as a stand-alone tool,soa a
separate activity. This KM activity as project epldase was
often considered as an additional workload by #er with no
“added value”. In fact, knowledge management is aot
stand-alone activity as knowledge is produced ity deork
during “classic” work activities that are parts mocesses to
produce a good or service.

Therefore, knowledge management must be integratddily
work by satisfying the knowledge sharing requiretaers well
as satisfy the requirements to improve actual wadthods.
This is important to guarantee the user accepteame
providing a tool being able to supporting the psscexecution
the produced knowledge is part in.

In this article, we will explain the context of ostudy and
characterize oUPIFA-approach for analyzing requirements for
knowledge intensive business processes that wdeadpp a
case study at STMicroelectronics. Based on thisysisa we
developed an IT-tool to support experiment processe
management and integrate knowledge managemernitiastin
daily work.

[I. CONTEXT

Knowledge Management gained popularity in the recen This research was accomplished in the R&D depattraen

years and became almost a buzzword after 1995 evehkt of
works were based on the research results from Nofigk

The application of knowledge management is oftdated to
information technology (IT) as information is theds of
knowledge and information can be treated quicklybyools.
But a lot of IT projects fail, because of differéactors as lacks

STMicroelectronics. The microelectronic domain isvery
dynamic and agile field where new technologies or
manufacturing standards become quickly obsoletehane to

be replaced or redesigned:

* Products could be obsolete after 6 months,

* New technologies appear every 2 years

» Conception phases for similar products are exednted
parallel.
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Therefore new technologies and production methodbe@l a
technology platform) will be developed. Even ifsiplatform
concerns only one specific technology, new fabidcatnethods
could also be reused for current technologies apthce old

production methods as some phases of the manufagtur

method could be the same or similar.
New ideas will immediately be tested by producirmetotype
to verify if theoretical ideas are efficient ancb@ucible — to
detect production limits that haven’t been taken account in
the theoretical model as well as detect measurentbat are
different from the theoretic calculations.
This research work is focused on this experimemtgsses. It is
important to mention that an experiment processiged on the
“standard” fabrication route of an existing tectowy, divided
in operations to produce certain functionalities tme
microelectronic chip. Depending on the experimergxtecute,
the number of concerned operations is differentode person
is responsible for preparing an operation on a imacim the
clean-room, the number of involved actors also gkan
depending on the concerned operation for an expatim
process: To sum up, it impacts the number of p@edions.
We consider therefore that the experiment processes
dynamic field.

= External conditions could cause changes as e
information changes
Internal condition as e.g. the number of operatiom

execute an activity. The basis of the analysihésefore the
action of a process.

PIFA method: Process Information and Functionality Analysis

Process categorization:
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Figure 1: PIFA method — Process Information and Funtionality
Analysis
.g.
Each action can be composed in the five followiagg

related number of actions and actors) could cause The Input (opening conditions for an action): All

changes

The process execution is therefore dynamic: Actleng to be
executed again, actions will be added, and actbanige or
wafers could be scraped during the experiment amct be
used any more. Therefore, it is necessary to meitiat often
not only the goal of the experiment (experimentcdpsion)
change during the experiment, but the experimefotrimation
that we call the extern conditions that impact fgirecess
execution.

lll. THE PIFA METHOD FOR CAPTURING REQUIREMENTS AND
EXTRACT RULES

Knowledge capitalization requirements have to begrated in
daily work of process action and there is no gdnaval
responding to most of the requirements [2]. Thereesfare think
that it is primordial to understand and capturerdguirements
of both domains and combine them for a specifidexdn

Our method PIFA [3]Rrocessl nformation and~unctionality
Analysis) is inspired by the existing methods fréva project
management institute [4] and method “H” [5].

It helps to capture these requirements of involaetbrs and
managers. Moreover our PIFA-approach has beenajselin
order to formalize a process and separate the woka the
information flow in order to understand the relatibetween
business process and knowledge management. Butiation
is necessary to execute an action. Therefore, igtenction
allows especially formalizing which informationnigecessary to

dependencies of previous actions, as well as aflde@
information to start its actions are identified aisbo its format
and its source. The source of this information lbamuman or
an IT tool and it is transferred in an explicitiowplicit way by

pushing or pulling methods.

The Functionalities: All possible functionalities to do that are
part of the action are identified based on inforaraand on
business rules. Furthermore, for each action, apgod persons
is identified who have the competence to do this.

This group will be characterized by a name as aglthe role
that identifies the analyzed action with a persom group of
person.

The Output represent the produced information during the
execution of an action: following actions dependimy the
results of the actions will be identified as wedl @l produced
information and where they are stored or sendtteréfore, the
relation between actions is formalized as welhasnformation
flow.

These described parts are the heart of a procdsssah action.
By applying PIFA, it is also important to keep irinch two
additional aspects of a process and action analysis

A process is unidirectional to produce a good serice, but it
might be convenient to introduce an information wflo
backwards the process to giveeturn of experience (REX)to
all involved actors as well as to introduce a crogsr
knowledge sharing between processes. Therefore,opdine



analysis should be to identify all desired retufrexperience
about a process or an action.

Additionally, the process has a certagmtextto describe itself.
Each action is related to a process and has therafepecific
action and process context. A part of the context be
formalized as information — contextual informatiorheses
information could exist already at the initializati of the
process or could be produced during the executiothe
process and help to better classify the processhendction as
well as support the internalization of informatianto

knowledge.

PIFA is a help to formalize complex processes, Gafg

organizational transversal ones. The PIFA figuddig. 1) can

be considered as a template to do interviews \ighprocess
actors and managers to understand and formalizprtfeess.
The idea is to follow-up different process’ exeons to
formalize them. The goal is to capture and fornealthe
flowchart of the different actions and the ass@tlgbroduced
information in real executed processes. TherefBiEA has
three differenfAnalysis levels:

= A TheProcess / action level
=  B. Thelnformation level
= C. TheFunctionality level

We detail and illustrate on examples these threspgetives in
the following chapters:

A. The process and action level

The Process level represent the business analyze nathee.
formalization of dependencies between actions gkracess
results in designing a process flow.

Georgakopoulos [6] defines a workflow as a colttf tasks
organized to accomplish some business processkictn be
performed by one or more software systems, oneteam of
humans, or a combination of these. Human tasksudecl
interacting with computers closely. For the gerieratof a
process model, it is important to identify if chasgcould be
modeled in advanced or occurred during the process.
Bachimont [7] already emphasized that “models domidel
the reality, but propose instruments to exploresiwerces that
humans put in relation with its situation of usecéntextual,
unpredictable interpretation of the sources cae'iindeled”.
Neverless, the requirement of supporting the reatgss can
only be satisfied by having a model approaching tbal
process. Therefore, the process model should reqrése real
process and changes in the process instances shelgido
adapt each process to its context.

The handling of dynamics in process managementilisas
unsolved problem, but it exist a lot of projectsléteg with these
aspects as the projects ADEPTFlex, Chautauqua, WaSA
WIDE [8].

Van der Aalst [9] compared different workflow todsd its
functionalities. He concluded that no tool is atulesatisfy all
different requirements.

Therefore, an action is analyzed and put it in gage
context. Dependencies between actions will theeefbe
captured and formalized as well as conditions lfier process
flow for opening and finishing actions.

Based on this captured process, the process flovd @so be
optimized. Therefore, we consider that businesscqe®
reengineering methods could be helpful in ordetimize the
current formalized processes.

We illustrate in the following an example of a pges analyze:

:>!>o

Figure 2: example of a PIFA result

In the figure above two PIFA analysis has beeniagmn the
actions A2 and A4. The two analyses have therafeligered a
process model. Actions Al and A3 have to be andlymt to
enlarge or validate the obtained model.

Secondly, conditions for the process flow have bmmtured:

= Al has to be finished before opening A2

= The completion of A2 can re-open Al or open A3
= A4 has to be finished before opening A4

= The completion of A4 opens A3

The process level outputis an optimized process model
containing actions and dependencies between aa®nell as
opening and finishing conditions, meaning to essaldifferent
rules for the action and its associated process flo

The PIFA-process level covers the described Inpdt@utput
parts in the previous chapter in terms of processlitions for
opening and finishing actions.

B. Theinformation level

The Information level represents the information natofea
process. We distinguish two different natures:

=  The produced information
=  The contextual information

The produced information is the output of an action in forms
of documents, presentations, etc. An action hasnmition as
input and transforms it supported by tools into maf@rmation
as shown on the following figure [4]:

input tools output

Figure 3: Information is transformed in output via tools



But information could also be contextual and neagsso

describe the process or information of an actidre @&nalyzed
process is therefore seen as an information objattevolves
during the process execution. Contextual infornmationotates
the process.

The goal of the information level is on the one dam
formalization of used information in form of docunts,

presentations, etc. and to understand where itraslyced,
where it is stored and where it is reused in thecegss.
Therefore, the different produced information labé merged
to the tasks where they are used to produce nemniation. In
a knowledge intensive environment, the role of rinfation is

very important for the process, but informationlddee change
and become obsolete. Therefore, the produced iafitwmin an
action based on the obsolete information beconweaisolete
and the action has to be re-executed again. Thantgm

source of a process can therefore be the charigéoahation.

Figure 4: example of a PIFA result and the dynamismbased on
information

In the example above (fig.4), the produced inforamat
(illustrated as a document) is reused in the astighand A3. If
the action has been completed, the workflow wilitazue and
open A2 and then A3. In the case that the prodidedmation

in action Al becomes obsolete,
re-executed. New information will be produced i@t Al
and will impact the work in A2 and AS.

As explained, the merge of produced informationtdsks

improve the reuse within a process. But it is aewisaged to
improve an information reuse between processeseldre, the

process and the produced information within a pgeeaust be
have enoughcontextual information in order to help the
information internalization into knowledge as wa#i to help
retrieve the necessary information within all erigtprocesses
and information.

The goal is therefore to capture all necessary ectusl

information to better annotate the information ooty for an

immediate reuse within the process, but also fatea reuse for
other processes. Therefore, it is primordial to chate the
process with enough contextual information in order

introduce efficient information retrieval and infoation

internalization into knowledge. Efficient informati retrieval is

today based on semanti@s the semantic web [10]. The

description of information could also be structuredd
classified in an ontology. An ontology is definedlaahierarchy

! Represent the "sens" contained in the the "sign4n IT point of view;
Information contained in Data. The first step intaghining process is to
emphasize the meaning of information drowned irftizegy mass of data

the process has eto b

of concepts, relations between concepts and ruled a
constraints [11]. The principle of ontologies isinjag
contextual information (semantic) to informationdarelating
this contextual information to a concept. As in @mtology,
rules and hierarchies and well defined, theseiosisitould also
be used for a better information retrieval.

The goal of the PIFA information level is therefdoeestablish
an ontology for the process context. Contextuabrimftion
used to classify the process has to be formalinddsaructured.
This allows standardizing the annotations and defina
common information context for all involved actanglifferent
processes but working on the same process domaiexto
However, it is difficult to define a common struetuthat is
applicable for all involved process actors.

actors

Figure 5: example of a domain ontology

On the figure above, a simple ontology is shown tioe
microelectronics experiment process domain. A @Eedeas
different tasks and actors. Documents are prodacet] the
contextual information could be the used experiment
operations, lot or the used technology. ¢p. Chapter II).

he information level output is an optimized process model
merging information to the right actions. The imf@tion flow
within a process is formalized separated as italmentifying
which information is produced and where and whielnt s
reused. Additionally, an ontology is establish ailoy annotate
the process with symbols of concepts belongingitordaology.
We illustrate on the following figure the fact sagia process as

an information object:
il
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Figure 6: example for an information changes in proesses

On Fig. 6, in each action, more information is proed and also
more and new contextual information are producdgig to
annotate the process. In each action, only a gateowhole
information object is reused as for an action. iRetance, for
A3, only the information I3 and 17 are needed.



The PIFA-information level covers the described unpnd
Output parts in the previous chapter in terms édrimation
needed and produced within an action. Additionaly,
represents the context and the return of experigacts as
therefore the ontology can be build and additiopadcess
information flows could be introduced by respondin@ return
information flow backwards the process as well asvben
processes.

C. Thefunctionality level

The Functionality level of the analysis helps to identifie
functionalities of an action within a process. Tées
functionalities describe which input action infotina is used
and how it is transformed into new information tthsen
information (facultative) and business rules foaation. For an
action in a process, Processes are often supploytéd tools.
Functionalities are therefore supported and execbtg IT
tools. Functionalities executed by humans let atgiberty to
the human as everyone can determine the ordehargpecific
way how they are executed. Functionalities supploded
executed by IT are restrictive and fixed. The wainds are
done is therefore always the same and have tomdspul cover
all humans “different” ways of execute functionakt The
process and the information level consist in imprgvthe
process and the information flow and better infdioma
capitalization and annotation for a better reudds Tmpacts
changes for the user:

= The process flow is better formalized and can't b
changed. It is well defined which functionalitiese a
part of an action and who has the responsibiliyddt.

More contextual information has to be filled inrfs,
tables, etc. in order to guarantee the contextu
information capitalization for a better information
retrieval

A process execution has always human interactidfis.
consider that every employee has its habitudesrasidts to
changes. It is well known that we have to pay &tienon the
potential high barriers of acceptance. Empirical&s have
already shown that users of IT systems don’t enfermation
even if they have a personal gain in the futurd.[$atisfying
and improving current functionalities of procesgiat will
guarantee the user acceptance and secondly prdiige
deployment of the defined process as well introdenmevledge
management functionalities in daily work and proenat
knowledge sharing culture in the enterprise. Tloreefthe
employee’s behavior and functionality has to belyzea to
guarantee giving an immediate surplus value touder. The
willingness of using the tool -as well as acceptitige
information capitalization and a restricted procegscution
can only be guaranteed if a motivation is givetht® potential
user. It is important for a sophisticate analysisdncentrate on
the process flow and the information sharing aspieocbrder to

combine them with an identified immediate surplake for the
user:

“Getting and accepting improved functionalities bygiving
up flexible process execution and accepting a strgar
knowledge capitalization.”

We illustrate on the following list an example fanctionalities
(requirements) captured during a PIFA analysis. s€he
functionalities could belong to one ore more adiam a
process:

Functionalities:

= Validate the information (A1, A3)

= Store a document (Al)

= Assign a person to a task (A1, A3)

= Set information to another tool (A4)
=etc

Figure 4: example for a functionality requirement ist a person
about done work

The functionality level output is an optimized process model
merging functionalities to each action. These fiometlities
could be improved and gives a surplus value taattter. This
helps to minimize the resistance of the usersteton the one
hand a new tool and on the other hand it reduces tile
resistance against knowledge capitalization.

dhis PIFA-functionality level covers the descridadctionality
part in the previous chapter. It analyzes whichcfiamalities
are executed based on which business rules andwhiith
information.

alp. The goal of the differentiation of the three levels

PIFA can be applied on all types of processes, aisifye on
knowledge intensive ones, as it formalizes the ¥lonk and
distinguish the associated information flow of aqass.
The three levels of the PIFA-analysis guarantedrack a
process model representing the real process, tithek
information produced and identify necessary confxt
information to describe the process and formatizerovement
possibilities to reduce the user resistance agahestiges in the
current process, the work methods and the knowledge
capitalization, often considered as surcharge.
PIFA can therefore help to build up a knowledge ag@ment
system that combines knowledge management and loverkf
management activities.

= The process level constructs the process moded for
workflow management tool aspect.
The information level construct a knowledge
capitalization, sharing and retrieval model supgabrt
by ontologies for an information sharing via IT
The functionality level guarantees to include all
necessary functionalities and giving a surplus e/atu
facilitate the user acceptance



Respecting these three levels improve the prolaliliat a
knowledge management system
Additionally, it integrates knowledge activitiegandaily work.

I[V. CONCLUSION

Our approach is only a help and don't guaranteeathaspects
could be formalized or all exceptions could be oegd. Some
functions keep implicit as they are also considex®uplicit by
the interviewer applying PIFA on a given context.
The goal is to generate a process model of workrdadnation
flows and the associated required functionalitiElsese two
parts are essential to design an IT-Tool suppottiegxecution
of knowledge intensive dynamic processes.
Often Processes are modeled in a fixed way anesept not
the real process, or exceptions can't be handlethdyefined
process. The application of PIFA is completely.ctiuld
especially be used for a dynamic environment wpeoeesses
change. Therefore, the formalized processes witlifierent as
it analyzes and follows concrete processes by auinpi
different activities by the different work and infieation flows.
Our approach could also be considered as a gapsiab it
discovers information flow improvement, functionials
improvements and relates information flow to fuoctlities
improvement possibilities.

Additionally, PIFA helps to understand the dynamisr‘r[b]

of processes by producing a process model for analyzed
process. Theses models could help to generatecaggonodel
covering the different analyzed aspects.

We proposed in this article our PIFA approach thelps to

analyze knowledge intensive business processes thed

associated requirements to provide an IT tool. dlijective is
to support the management of the agile and dyngamucess
flow and on the other hand to capture informatiod facilitates
its reuse.

In our context, the objective is the reuse of expental results
for similar problems of different technology gert@as. We
tested therefore PIFA on this context in a casealystat
STMicroelectronics.

The results of an analysis permitted to identify

» the processes executed and built the base to gersera

process model
» the knowledge that is produced and used and
» the functionalities to improve

The intensive work with the users and their reactim the
knowledge management system confirmed the utifiIBA:

=  The interest in the workflow functionalities shothsat

is accepted by usérge applied our PIFA approach on the context of erpent

processes—® cp chapter IlI). We build up a process model,
domain ontology by capturing the keywords durintgiview
with the users and structured them based on useioop. We
also identified primordial functionalities. Based the three
facts we developed a knowledge management systatristh
currently used and deployed at the Front-End Teolgyoand
Manufacturing R&D Site in Crolles (France). The Itds
already used for 35% of all executed experimenty & pilot
phase of three weeks.

The PIFA-method has given a sufficient model ofdbenain to
propose an IT-tool to support daily work as welkaswledge
activities. As the model is always abstracted ftbereality, the
tool can't cover the complete needs. It is thereiorportant to
keep in mind that the implicit knowledge sharingween users
always exists and could sometimes be more efficileah a
software tool.
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