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Abstract. Oneimportant success factor for Software Research and Devel op-
ment organizations is their ability to systematically manage knowledge and
information. Based on our experiences, we examine the characteristics and
the activities that need knowledge-based support in software R& D organiza-
tions in academic environments. A tailored KM solution is outlined consid-
ering knowledge content, process, organization and technical infrastructure
required. The approach is currently being established and evaluated in the
context of an international research project.
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1 Introduction

Software Research and Development (R& D) organizations aim at developing complex
software products and services outstanding in terms of innovation and creativity. Typ-
ically, they are composed of multiple interacting communities, each possessing highly
specialized knowledge in an environment characterized through rapid changes, shorter
development cycles and increased quality demands. In this context, knowledge - the ex-
perience, insights, and practical know-how and skills that humans possess and which
guide their decisions and actions - is an important asset that makes individual and or-
ganizational intelligent behaviour possible and is basic to innovation and creativity.
Therefore, the ability to share and leverage knowledge across the a Software R& D or-
ganization has been recognized as important for the success of the organization.
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In this context, Knowledge Management (KM) [7],[23] and Organizationa Learn-
ing (OL) [8],[16],[21] have emerged as explicit areas of pursuit for managing organiza-
tions, focusing on how organizations can understand what they know or need to know
and how to make maximum use of the knowledge, and also learning from its applica-
tion, typically using advanced technology [7],[17].

KM improves knowledge circulation and communication in the organization sup-
porting effective and efficient decision making and the creation of innovative and cre-
ative solutions, allowing an organization to retain critical expertise and to avoid loss of
an expert’ s know-how after hisretirement or mutation. KM enables the exploitation of
the experience acquired from past projects and to keep lessonslearned in order to avoid
the repetition of mistakes and allows nonexpertsto retrieve expert advice when needed.
It reduces the duplication of effort by efficiently building on previous work. KM ena-
bles the consolidation of corporation-wide knowledge into competencies and shortens
the learning curve for new technol ogies, empowering organizations to adapt quickly to
changing opportunities [18].

In Software R&D organizations, KM is frequently done in an ad-hoc, informal
manner, where the decision to reuse is made by individuals, and the type of knowledge
reused is usually limited to persona experiences. Relevant knowledge is often not di-
rectly explicitly available, being only availableimplicitly in the heads of afew employ-
ees of the organi zation. Making thisimplicit knowledge explicit or sharing itisdifficult.
Another problem is to access va uable information when required and use it in an effi-
cient and cost-effective manner due to information overload. To maximize productivity
and quality gains through reuse of experience, KM hasto be systematized.

This paper addresses the problems faced regarding KM in Software R&D organi-
zations in academic environments, as current R& D methodologies do not adequately
address and support the capture and use of relevant information and knowledge. Our
work isapplied in the context of an international research project, The Cyclops Project
[6]. This R& D project aims at the development and transfer of new methods, techniques
and tools in the area of Medical Image Analysis, being performed by an international
R& D consortium consisting of the Federal University of Santa Catarina (Brazil), Tau-
baté University (Brazil), University of Kaiserslautern (Germany), GMD FIRST (Ger-
many) and medical and industria partners of both countries, representing an heteroge-
neous and geographically widespread environment.

The paper is structured as follows: in section 2, we examine the characteristics and
specific problems encountered by academic R&D organizations and in Section 3, we
describe the research and development activities for which we claim knowledge-based
support ought to be provided. A KM solution customized to the identified characteris-
tics, problems and needs is outlined in Section 4. Section 5 describes our current state
of research and indicates future research directions.

2 Characteristics of University Software R& D Groups

The principal focus of academic R&D organizations in the Software domain is on re-
search in computer science and the development of prototypical software systems. In
this context, research means comprising creative work undertaken on asystematic basis
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in order to increase the stock of knowledge and the use of this stock of knowledge to
devise new applications. It generally fallsinto two categories. applied research or basic
research. Considering the expanding scope of computer science today, topics that are
currently considered part of the computer science are technology rather than theory
driven. This leads to the development of prototypical software systems which are im-
plemented in order to demonstrate the research solution to be documented and shared.
In the domain of our research project, the principa focus is on applied research in the
areas of Intelligent Medical Image Anaysis, Workflow Management in Medicine,
Medica Image Databases and Teleradiology.

In this context, the main objectives of University R&D Groups are twofold:

« on the organizational level, they aim at developing complex software products and
services outstanding in terms of innovation and creativity.

¢ on theindividual level, they aim at supporting students to perform intellectualy
challenging academic projects as part of an honours degree.

This requires support for learning on both levels: organizationa and individual, es-
pecidly as one of the principal objectives of an university environment is to teach
knowledge and capahilities.

R&D organizations are typically characterized through highly specialized knowl-
edge and advanced technologies in specific research areas. Researchers need to have
sound theoretical knowledge and practica experiences on the specific research topic as
well as on research methodologies in order to effectively and efficiently perform re-
search work and software development, asillustrated in Figure 1.

sudy of stateof theart Resear ch methodology knowledge
model development

imageanalysisalgorithms
programming languages

Computer scienceknowledge

Application domain knowledge

medical diagnosis

protoyping process
Softwar e engineering knowledge

Figure 1 Examples of knowledge areas of interest

Regarding specifically software research and development in university environ-
ments, we can further observe the following characteristics:

Cross-functional and institutional collaboration: R&D organizations are typi-
cally composed of multiple interacting communities involving cross-functional and in-
stitutional linkages. Different participants join a research project with differing view-
points. Thisincludes, in the Cyclops research group, for example:

¢ Researchersin Computer Science
» Researchersin Medicine and medica doctors



* Representatives from radiological equipment and medical software companies.

This also shows the need to bring together participants from across multiple collab-
orating organizations, where, expertise and skills might be distributed both within and
outside the organization. For example, for a research project in the Cyclops project, it
is common to employ expertise in specialized areas such as radiology from medical
clinicsor, for example, through collaborating universitiesin Brazil and Germany. These
collaborating organizations may be geographically distributed in Brazil or world-wide.
Especially through the close interaction among these cross-institutional and functional
teams, synergy effects contribute to research progress. However, such a collaboration
brings in especially the need to organize, integrate, filter, condense and annotate rele-
vant information that these team members contribute and to facilitate knowledge shar-
ing and dissemination.

Constant turnover: University research groups are characterized through a con-
stant turnover of participants, as students generally leave the group when finishing their
Master or Ph.D. degrees. Thisisamgjor threat to the collective knowledge, since much
of the knowledge is situated in the minds of individuals. If there is no repository for
knowledge other than personnel, turnover leads to reduction in the organizational
knowledge. Thisincludes explicit knowledge (e.g., documents, reports etc. which have
not been stored in a centralized DB) as well as tacit knowledge which has not been ex-
plicitly articulated and stored.

Knowledge leverage: In general, new group members which join the group have
different levels of knowledge and capabilities, e.g., a new researcher in the Cyclops
Project may have knowledge on image analysis but not on human anatomy or the pro-
gramming language Smalltalk. In addition, new group members will have problemsto
get an overview on the research done in their area (including also the identification of
experts) within or outside the organization. In order to enabletherealization of effective
research work, members have to |earn the knowledge required for the execution of their
research project. Such aworkplace learning requires to be flexible so that it can be eas-
ily adapted to changes regarding, e.g., the research areas of interest.

Reinvention of solutions: Often it has been observed that, due to missing informa-
tion, solutions that might have already been solved either within or outside the organi-
zation are reinvented. For example, if within a specific research project a software
method for the spiral-CT image segmentation has been developed which could be re-
used in another research project, it is normaly re-implemented as its availability re-
mains unknown. In order to prevent this, information and knowledge on existing solu-
tions have to be systematically stored and easily accessible in order to enable their re-
use.

Repeated mistakes: Another problem isthat often mistakes are repeated dueto the
inability of organizationsto identify or transfer lessons learned, e.g., using Fourier rou-
tines for problems where only Wavelet techniques have the power to perform effective
texture analysis. In order to prevent this, tacit knowledge on solution strategies applied
in the past to solve problems has to be captured explicitly and be accessible when re-
quired in order to provide expertise that already exist within the organization.
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Resour ces: Academic environments have limited financial and human resources,
which for example does not allow the establishment of additional infrastructural sup-
port or specia training of new group members.

Constant evolution: The software R& D domain is characterized through continu-
ous evolution of knowledge and technology advances. Therefore, relevant information
and knowledge has to be continuously built and updated by constantly gathering new
experiences each time aresearch project is planned and executed.

These goa's and characteristics of Software R&D organizationsin University envi-
ronments show that comprehensive KM-based support is required.

3  Which Activities Need Knowledge-Based Support?

The principal activities of software R&D groups in an academic environment can be
supported through knowledge and information:

e Literaturesearch and study requiresknowledge onwheretofind literature, to dis-
tinguish between relevant and irrelevant literature and on how to study literature ef-
fectively.

* Writing research proposals requires knowledge on the present state of art & prac-
ticeand the specific research areaand knowledge on how to formulate research pro-
posals.

¢ Meeting, presenting and discussing ideas requires organizational support on
scheduling meetings, knowledge on how to prepare and present research work and
social skillswrt. discussions.

« Development of theoretical models requires knowledge on the state of art & prac-
tice and the application domain as well as knowledge on research methodologies,
on similar research projects and on who, interna or external to the organization, has
expertise in the specific area and on solutions which could be reused.

« Development of prototypical software systems requires knowledge on software
engineering, the systematic development of prototypes as well as capabilities re-
garding the areas of interest and knowledge on who has expertise or worked on a
similar problem and reusable solutions.

« Writing and publishing scientific paper s requires knowledge on the state of art &
practice, the application domain as well aswriting skills.

« Cooperating with resear ch organizations, industrial and application partners re-
quires the integration of different background knowledge and the sharing of re-
search results, (tele-) meetings and social communication skills.

* Organization of research or industrial projects requires knowledge on research
programs, disciplines for the planning of projects and the execution of projects.

¢ Attending conferences requires information on upcoming conferences related to
the research area of interest and funding possibilities.

« Organization of events requires knowledge on planning and execution procedures
of events, funding and sponsoring possibilities, etc.
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¢ Teaching of knowledge wrt. the research area of interest could be supported
through overviews on information sources, tutorias, etc.
These requirements show that it would be beneficia to connect the individua research-
ersof the organizationin away that they could easily communicate and share any of the
above listed type of information or knowledge.

4 Applying KM to a Software R& D organization in an
academic resear ch environment

As pointed out in Section 2, Software R&D organizations in university environments
reflect learning on the organizational and individual level. Organizational learning is
defined as a skilled process in which both explicit and tacit knowledge is created, ac-
quired, and transferred wrt. the goals of the organization. During individua learning,
the knowledge of one single person expands, in a process, in which experiences are
transformed into knowledge, through observing phenomena, analysing them, develop-
ing models and theories about them and testing these theories an models in practice
[14]. In order to effectively and efficiently support learning in university software R& D
organizations, the processes necessary to continuously create and share knowledge
across the organization have to be supported systematically. Thisis the goa of KM: to
deliver the right information or knowledge at the right time, at the right place, in the
right format, satisfying the quality requirements at the lowest possible cost [22]. In or-
der to operationaize KM in software R& D organizations in university environments,
relevant know-how has to be continuously build up by gathering new explicit and tacit
knowledge during the planning and execution of R& D activities. A logical and physical
structure for the continuous build-up of know-how in a software organization is the Ex-
perience Factory (EF) approach [4]. The EF environment complements the project or-
ganization by enabling the continuous learning on software development from experi-
ences from their software projects and corporate-wide communication of software
know-how, thereby promoting the creation of organizational know-how and the estab-
lishment of core competencies of the organization.

The EF proposes an methodological framework for analysing and synthesizing all kinds
of experiences, acting as arepository for those, and supplying these experiencesto var-
ious software projects on demand. These organizationa experiences cover all types of
knowl edge assetswhich can support the planning or execution of software projects. Be-
sides internal knowledge sources including explicit knowledge, for example, expertise
and lessons learned on software engineering technologies, documents on medical
knowledge, deliverables (e.g. software code parcels) or process guides (e.g. on how to
give presentations) as well as tacit knowledge in the heads of the researchers, the EF
framework can be extended to external knowledge sources, such as the Internet, and in
our specific context to knowledge gained through university lectures (see Figure 2).

For successfully building knowledge management capabilities within an organization
in practice, four key areas have been identified:
« Knowledge content: identification and modelling of the val uable knowledge avail -
able to be used or exploited.
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Figure 2 Experience Factory Organization in University Software R&D Groups

¢ Organization: structuring of the organization for knowledge exchange between
human agents.

* Processes: definition of the processes to create, build, transform, organize, deploy
and use knowledge effectively.

* Technological support: definition of tools supporting the creation and sharing of
knowledge.

In the following sections, we describe each of these key areas outlining a KM solution
customized to the characteristics of university software R&D organizations.

4.1 What Kind of Knowledge is Reusable?

A main goa of KM isto capitalize existing information and knowledge. Thisincludes
sources which are explicitly available in the organization, i.e., documents or tacit
knowledgein form of personal experiences, which may be externalized, e.g., by inciting
the members of the organization to write lessons learned on solution strategies applied
or externa knowledge.

The kind of knowledge relevant in software R&D activities can be determined
based on the KM goals of the organization, which define the intended reuse through the
object to be reused, the purpose for which the object is reused, the activity to be sup-
ported, the role, who reuses the know-how and the context in which reuse takes place.
Examples of goalsinclude:

¢ toreusedocumentsin order to support literature study from the viewpoint of are-
searcher in the research organization

« toreuselessons learned in order to prevent the repetition of failuresin the imple-
mentation from the viewpoint of a developer at the research organization

* toretrieve similar FAQs in order to create generalized guides for frequently re-
occurring problems, e.g., on the understanding of image analysis techniques from
the viewpoint of the knowledge engineer at the research organization Cyclops.
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Based on the relevant knowledge in R& D activities (as described in Section 3) and the
respective reuse goals, the following types of knowledge can be considered of interest:

Documents records (and files) constituting a personalized library including pub-
lished literature, aswell as, publications of members of the organization. The document
records state referential information (such as title, author, year of publication) as well
as comments and annotations (e.g., indicating the relevance of certain chapters). In ad-
dition, therecord indicates the location where the document isavailable (e.g., university
library) or, when availablein el ectronic form, enables the upload and storage of there-
spective file. Such a library facilitates the access to relevant documents and helps to
manage documents produced by the organization.

Project documentation including project proposals, plans and reports on research
and industria projects as well as students academic projects. The availability of those
project documentations provides examples on plans facilitating the development of new
ones and supports the execution of future projects.

On-line tutorials on topics relevant for the specific research environment. The
availability of on-line tutorials enables researchers to learn on the specific topic inde-
pendently and whenever necessary.

Frequently Asked Questions (FAQ) state a question and its answer provided by
an expert. A collection of FAQs permits to automatically answer repetitively occurring
guestions. Thisfacilitates the accessto practical knowledge (e.g., on how to create ada-
tabase connection to an application) and liberates experts to focus on more complex
problems. A form to represent lessons learned in an accessible form isto describe them
alsoinform of FAQs, by indicating a question which could be answered by the lesson
and describing the lesson as answer to this question.

How-to-do recipes describing step-by-step how repetitively occurring tasks have
to be done (e.g., how to connect alaptop to a X-ray computer). These recipes enable
inexperienced researchers to perform these tasks without requiring the assistance of an
expert.

WWW maps listing and commenting relevant Web sites. WWW maps guide the
location of WWW sites of interest. They allow a more efficient accessto relevant Inter-
net sites that otherwise would be difficult and time-consuming to find.

Y ellow pages capture human-resource capabilities and indicate experts wrt. specif-
ic research topics. The Yellow pages allow members to know whom to contact when
they otherwise cannot find a satisfactory solution.

Starter s kits summarizing and commenting information or knowledge relevant to
a beginner wrt. a specific research area (e.g., introducing the programming language
Smalltalk by referencing introductory texts, atutoria and basic technical manuals, and
indicating mailing lists and human experts). These pages alow newcomersto effective-
ly and efficiently discover the respective research area.

News messages are any notes or comments of relevance to the research organiza-
tion (e.g., to notify the availability of anew software version). The systematic manage-
ment of these messages enables the communication of news and keeps the membersin-
formed.
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Softwar e par cels packaging and commenting software code or executables which
have been developed within or are available outside the organization. Reusing these
parcels prevents the re-implementation of readily available software and, thus, can re-
duces the development effort and improve the quality of the software.

R& D process guides are process models or guides on software R& D activities de-
scribing the activities to be performed (e.g., prototype devel opment), model the outputs
to be produced (e.g., on the structure and content of a master thesis) and describes how
to do the activities. (e.g., on how to write a paper).

Conference calendar isa calendar indicating and commenting conferences of rel-
evanceto the research organization. The explicit availability of conference information
facilitates the planning of conference participations and keeps the members informed.

The information and knowledge represented in the CM cover all relevant research
areas wrt. the specific R& D organization, such as application domain (e.g., radiology,
human anatomy), computer science and software engineering (such as image interpre-
tation algorithms, software process model) as well as research methodologies (e.g., on
literature revision).

4.2 KM Processin R&D Environments

The KM process can be basically divided into three phases [7]: knowledge generation,
knowledge codification and coordination, and knowledge transfer.

K nowledge Generation aimsat the generation of knowledge from various sourc-
es. Knowledge can be generated through knowledge acquisition from external sources
such as conferences or through university courses related to the specific research areas.
Inside the organization, knowledge can be created by bringing together people with dif-
ferent perspectives via research seminars, meetings or teleconferences.

Knowledge Codification and Coordination aims at putting organizational
knowledge into a form that makes it accessible to those who need it. Its purpose is to
locate and capture and turn organi zational knowledge relevant wrt. the knowledge man-
agement tasksexplicit and to organize and represent it in aform which allowsits access,
delivery and manipulation. Knowledge capture requires systematic procedures for ac-
quiring, organising and structuring organisational knowledge. Knowledge from exter-
nal sources can, for example, be acquired each time a group member findsa WWW site
or a scientific paper of interest on the Internet. Knowledge acquisition from internal
sources can include the exploitation of explicit knowledge already available in the or-
ganization (e.g., technical reports or project documentation) or to externalize tacit
knowledge and to capture it in some kind of knowledge representation. For example,
tacit knowledge can be externalized by writing down lessons learned or by explicitly
describing research projects and the expertise of group members. For frequently re-oc-
curring problems, how-to-do recipes can be developed as well as process guides.
Knowledge can also be captured by documenting human-based knowledge manage-
ment. For example, each time a question is answered by a human expert a possibility to
acquire new problem-solving knowledge arises.

The acquired knowledge has to be represented and stored to make it accessible and
useable to people in an organisation by explicitly specifying knowledge objects and
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their relationships of relevance. It may takes many forms in different situations, with
variationsin emphasis and formalisms, such as knowledge maps, hypertext, cases, etc.

Knowledge Transfer aims at developing strategies to encourage and enable the ex-

change of knowledge within the organization. Knowledge transfer can be done through
person-to-person communications, e.g., through workshops, or through a distributed
environment which allows to access relevant information and knowledge across the or-
ganization.
Executing this knowledge process in a cyclical way results in rapidly growing, well-
evaluated, up-to-date, and demand-oriented learning contents of corporate learning sys-
tems[1],[5]. Besides these basic phases of KM, in order to cover a continuous knowl-
edge life cycle, maintenance and evolution of knowledge and knowledge management
processes is explicitly needed. The maintenance and evolution of the KM proc-
esses aims at continuously improve the provided support based on feedback
from its application in practice (e.g., regarding the researchers satisfaction).

4.3 Organization of KM in R& D Environments

Effective knowledge management requires a solution integrating management and
technological infrastructure.

4.3.1 Technical infrastructure

To operationalize the Experience Factory in practice, KM requires a technical infra-
structure, denoted Corporate Memory Management System (CMMS) [11]. A CMMS
includes Corporate Memories (CM) which are the central repository of al the informa-
tion and knowledge relevant to the KM task in an organization as well astools to man-
age this knowledge-base. The tools should support the access to the right information
or knowledge, the continuous acquisition of new experiences and their integration and
storage as well as the continuous adaptation and maintenance of the CMMS to the spe-
cific environment..

Today, a wide range of Information Technologies are being used to implement
CMMSsin genera [2], aswell asfor the software domain [19]. These technologiesin-
clude e-mail and group support systems, databases and data warehouses, browsers and
search engines, intranets and internets, knowledge base systems and intelligent agents.
Although, the approaches are numerous, none of these technologiesitself offers acom-
prehensive support. In order to develop a CMMS that effectively contributesto KM in
software R& D organizations, requires the integration of various approaches. For exam-
ple, RetrievaWare [20] integrates natural language concepts and keyword searching
and profiling. IKnow [12], includes natural language querying, mechanisms for the ac-
quisition of new information and supports the continuous improvement of the retrieval
performance. Other systems (e.g., Answer Garden [3] ) integrate human expertsinto the
KM process by forwarding questionswhich could not been satisfactory answered by the
CMMS.

Based on our experiences, we propose a hybrid approach for an effective technical
infrastructure to KM integrating techniques from various areas, such as Case-Based
Reasoning, Information Retrieval and Information Filtering [9]. Our approach focuses



11.

on the support of the user through an intelligent assistant system, acquiring, providing,
mai ntaining and distributing relevant information and knowledge (see Figure 3).

[
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Windowso8 WindowsNT Unix
HTTPserver
CMMS Server Hypertext
| nterface layer |Web Application Model | e-mail system

Case-Based Reasoning,
Information Retrieval,

Application layer [Refrieval | Distribution | [Acquisition | Maintenance |
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Figure 3 CMMS Architecture

Various types of reusable information or knowledge (as described in Section 4.1),
denoted as CM assets, are stored in the CM. The CM assets are indexed wrt. their spe-
cific content as a basis for effective and efficient retrieval.

Besides the CM assets, general domain knowledge is represented in the CM defin-
ing terminology and basic concepts of the specific research areas (e.g., the program-
ming language Smalltalk or human brain anatomy). It includes:

* Ontology of relevant knowledge areas: indicating relevant areas and their rela-
tionships (e.g., Smaltalk (Smalltalk database connection, Visuawave, distributed
Smalltalk), Telemedicine (PACS, Teleradiology, DICOM), etc.) enabling a hierar-
chical classification of the CM assets.

* Vocabularies: indicating indicative expressions of the research areasfor the index-
ation of CM assets. For example, the vocabulary on the programming language
Smalltalk includes, the terms “class”, “ SortedCollection”, etc.

* Thesauri: indicating associative or hierarchical relations between termsin the giv-
en domain, e.g., in the context of the programming language Smalltalk the terms
“Collection” and “ SortedCollection” are considered as similar.

¢ Bilingual Dictionaries: indicating the translation of domain-specific terms. In our
specific application, we focus on Portuguese-English dictionaries. Here, example
terms are “ class -> classe” or “ OrderedCollection -> cole¢éo ordenada’.

In addition, genera vocabul aries on the Portuguese and English language are represent-
ed asabasis for spelling correction of natural language queries.

The CMMS provides manifold support enabling the access to various types of in-
formation, knowledge or human experts for various purposes (e.g., facilitate aresearch
on the state-of-art or guide the solution of a programming problem), from different
viewpoints (e.g., devel oper, medical researcher). Search mechanisms (such ase.g., key-
word search, similarity-based search) enable the effective and efficient retrieval of use-
ful assets or to guide the access to human experts. Based on the user’s query, the CM is
searched and the most relevant CM asset(s) are returned. If the CMM S does not provide
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asatisfactory retrieva result, the user can automatically direct her/his query to ahuman
expert of the respective research area via e-mail. Once the answer is available, it isau-
tomatically send to the user. By composing the user’s query and the answer provided
by the expert, anew CM asset is created and integrated into the CM (see Figure 4).

The search mechanisms have to allow the formulation of queries in naturd lan-
guage (e.g., in Portuguese and English in case of the Cyclops Project) and enable mul-
tilingual retrieval (e.g., searching also for English assets for queries formulated in Por-
tuguese). In addition, the CMMS also assist researchers in finding information and
knowledge that satisfies long-term goals (e.g. being aware of new publications in the
area of radiological 3D reconstructions) through the pro-active distribution of knowl-
edgewrt. to an user”s specificinterests (e.g., informing about new published paperswrt.
her/his research area).

p Query:
“Oqueéclass?” —
d ~a| CMMS
A FAQ-Answer: 1
“Umaclasseé...”
Qe Send answer to user
A If answer not satisfactory, 9|
user request expert advice
— Compose new case
O Answer requested ____—| New case:
~q———from expert Query +
Answer
GE Answer provided by |
expert ———————expert

Figure 4 Interactive retrieval process

In the context of asoftware R& D organization, relevant information and knowledge
isnot completely available when creating the CM. Therefore, KM in software R& D or-
ganizationsrequires support for the continuous evol ution of the knowledge base and has
to be able to deal with incompleteness and inconsistency. This includes the continuous
acquisition of new assets asintegrated part of the R& D activities (i.e., reporting aFAQ
on an recently occurred programming problem) and the indexing and integration of the
new acquired assets into the existing CM. As the software domain is characterized
through continuous changes and advances, the maintenance of the CMM S becomes es-
pecidly important. This includes support for the maintenance of the knowledge assets,
the general domain knowledge, as well as the improvement of the access mechanisms.

4.3.2 Management Infrastructure

The actua establishment of KM in Software R&D organizations needs to be em-
bedded into amanagement infrastructure that provides funding and strategiesto consol -
idate reuse and learning. Following the EF approach, the organization is divided into
project organization and EF. The project organization includes several R&D projects.
Within these projects, information or knowledge from external knowledge sources or
the EF isreused and new gathered experiences are collected. In contrast, the EF aims at
enabling the reuse of information and knowledge. Therefore, it focuses on supporting
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the generation, codification, coordination, sharing and maintenance of the knowledge
and provides atechnical infrastructurefor the performance of thesetasks. In accordance
with the EF approach, every member of the research group hasthe responsibility to gen-
erate, collect and use available information and knowledge relevant to the research
project. For example, amember of the Cyclops project who discovers how to establish
a database connection within a Smalltalk image has the responsibility to write alesson
learned describing the required steps or a student working on her/his master thesis has
the responsibility to include all literature references studied into the CMMS. In addi-
tion, a knowledge engineer, responsible for the creation and maintenance of the EF is
required, who analyses, revises, evaluates and improvesthe EF. S/heisaso responsible
for initiating the development of more generic knowledge based on the observation of
frequently re-occurring problems. The knowledge engineer also supports the research-
ers on request in retrieving and acquiring experiences.

A magjor problem regarding the introduction of KM in practice is the motivation of
the members of the organization to explicitly document and share their knowledge. In
order to be successful, KM activities related to the documentation of information and
knowledge have to become part of the regular R& D tasks of the organization requesting
from all members to share their experiences. Thisincludes for example, the continuous
documentation of studied literature or discovered web sites of interest. Students haveto
present what did work and what did not in their research, diagnosing the problems they
encountered and the solution strategies they applied in research seminars, aswell as by
documenting project reports. In addition, regarding each’s specific area of expertise,
they are responsible to answer questions from their colleagues, which are captured as
FAQ documents.

5 Outlook and Future Research

For continuous learning in a software R&D organization, systematic knowledge man-
agement customized to the specific characteristics and needsisimportant. In this paper,
we describe the requirements for appropriate KM support in software R&D environ-
ments based on our experiences in the Cyclops research project. We describe the key
areas of KM regarding the required content, processes, organization and technical in-
frastructure. Currently, we are establishing an EF in the Cyclops project. Thisincludes
the organization of weekly research seminars and semestral workshops, regular re-
search topic-specific discussions aswell astheimplementation of atechnical infrastruc-
ture. The current implementation of the CMM Sfocuses on theretrieval (search by nav-
igation and attribute search) and the collection of documents and WWW sites. In addi-
tion, mechanisms for the handling and retrieval of FAQs via content-based searching
on Portuguese natural language queries have been implemented [10] as well as tech-
niques for the maintenance of the general domain knowledge (including Portuguese do-
main vocabulary, dictionary and thesaurus on Smalltalk issues). First evaluation results
after one month of application in the Cyclops project (limited to the research group at
the Federal University of Santa Catarinawith 21 researchers) show the acceptance of
the CMMS, with atotal number of 330 accesses and 189 CM assets registrations. Based
on further results of its performance and perceived useful ness, weintend to continue the
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implementation of the CMMS and to broaden the scope of research areas covered. In
addition, we are also developing aR& D process guide for the Cyclops project based on
the Quality Improvement Paradigm integrating incremental prototyping and extreme
programming concepts. Future research aso includes the development of intelligent
knowl edge-based techniques regarding information extraction, filtering and retrieval.
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