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Executive Summary

Today's software developments are faced with steadily increasing expectations:
software has to be developed faster, better, and cheaper. At the same time,
application complexity increases. Meeting these demands requires fast, continu-
ous learning and the reuse of past experience on the part of the project teams.
Thus, learning and reuse should be supported by well-defined processes applica-
ble to all kinds of experience which are stored in an organizational memory.

In this paper, we introduce a tool architecture supporting continuous learning
and reuse of all kinds of experience from the software engineering domain,
present the underlying methodology, and point out organizational aspects to be
considered.

To be effective, queries of an organizational memory should also return useful
experience that users did not expect to find. In our approach, such intelligent
retrieval is realized using context-sensitive queries and similarity functions based
on case-based reasoning technology. Retrieval and storage are guided by a pre-
defined schema. This schema also ensures the consistency of the organizational
memory. The guidance and consistency aid in effective and efficient learning.

Maintaining an organizational memory, however, requires an organizational
unit separate from projects: an experience factory. Our approach is based on
many transfer projects employing the experience factory concept. It is scalable in
terms of the diversity and formality of the artifacts stored, as well as in terms of
the diversity of artifact-specific tools. Several projects are presented to demon-
strate the suitability of the approach.
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Introduction

1 Introduction

The demands on the development of software are steadily increasing: shorter
time-to-market, better quality, and better productivity are critical for the com-
petitiveness of today’s software development organizations. To compound mat-
ters, the software to be developed increases in its application complexity. To
meet these demands, many organizations frequently introduce new software
engineering technologies. However, often there is not enough time to train
project teams extensively. Experts become a scarce resource.

There are three ways to handle scarce resources [6]: automation, better plan-
ning, and reuse. The first way is the hardest: Only formalized tasks can be auto-
mated, which requires a deep understanding of the task. Unfortunately, in soft-
ware development, no project is like another. Thus, formalizing tasks is hard.
Moreover, many tasks are so complex that they can never be automated com-
pletely. This leaves better planning and reuse. Both are similar in the sense that
they can be supported by installing an organizational memory that is capable of
managing all kinds of software engineering experience.

It is widely known that an organizational memory must be maintained by an
organizational unit separate from the project organizations [22, 50]. We base
our approach on the experience factory concept [8, 9]. The experience factory
(EF) is an organizational unit that supports reuse of experience and collective
learning by developing, updating, and providing, on request, clusters of compe-
tencies to be used by the project organizations. The core of the experience fac-
tory is the experience base (EB) which acts as the organizational memory.

The experience factory not only selects what experience should be captured in
the experience base, but also defines strategies on how to gain such experience
(goal-oriented knowledge acquisition). Thus, the concept of the experience fac-
tory complements existing reuse approaches with a learning component for
updating the EB. This is operationalized by employing a case-based reasoning
strategy for implementing the EB.

The paper is organized as follows. The next section gives an overview of existing
reuse approaches in software engineering. Based on existing approaches and

industrial needs, we derive an open tool architecture that supports reuse and
continuous learning of all kinds of experience in Section 3. In Section 4 and Sec-

1 By “learning” we do not mean “individual learning” but “collective learning” through improving the EB.
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tion 5, we present our methodology for reusing and learning, respectively, and
show how the architecture implements it. Section 6 points out important orga-
nizational aspects in the context of the installation of the tool architecture in an
organization, whereas Section 7 lists some of the experience we gained while

implementing the concept in projects. The paper ends with a summary and a
conclusion in Section 8.
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2 State of the Art

Reuse practice exhibits considerable potential for developing software faster,
better, and cheaper [41, 52]. However, the full potential can only be exploited if
reuse is not limited to code [12, 23]. Examples for software engineering experi-
ence besides code include requirements, design, and other software documen-
tation as well as design method tools [33], software best practices [26], technol-
ogies [18], lessons learned [14, 40], various models (e.g., resource, product,
process, quality [8], and cost models [10]), measurement plans [21], and data
[51].

All this experience has to be stored and retrieved. On the retrieval side, many
techniques have been employed. These include classification techniques from
library science such as enumerated classification, faceted classification, and
information retrieval [20]. One of the problems to be dealt with is the fact that
artifacts matching the reuse needs exactly are rarely found. Therefore, it must be
possible to find similar artifacts. Prieto-Diaz extended the faceted classification
as known in library science by the concept of similarity [38]. Case-based reason-
ing systems extend faceted classification further by allowing the facets to have
arbitrary types [1, 11, 29]. Maarek et al. tackle the similarity problem by auto-
matically clustering artifacts and allowing the user to browse the clusters [30].
For small sets of artifacts, browsing (e.g., using hypertext) will suffice [23]. Other
techniques are specialized toward specific kinds of experience, for instance,
component specifications [31, 35, 36].

There are two basic ways to characterize reusable artifacts: (1) Characteristics of
the artifact itself (e.g., format, size, origin) and (2) characteristics of its applica-
tion and usage context (e.g., size of project, business domain, experience of
project team). Ideally, an artifact is characterized using both kinds of characteris-
tics. Characteristics of an artifact’s application context can be expected to be
most effective for finding relevant reuse candidates. However, finding an appro-
priate set of characteristics is a not trivial. It requires special techniques known
as domain analysis [5, 32, 37]. Most domain analysis work has focused on the
reuse of software components only. Domain analysis for other kinds of software
engineering artifacts has been addressed by quite a few authors yet (such as
[13, 25]).

If more than one kind of experience is to be reused, either several retrieval sys-
tems may be used (one for each kind of experience) [38] or one generic retrieval
system. The latter can take advantage of the semantic relationships among the
experience items for retrieval, but requires that all kinds of experience are char-
acterized using the same formalism. Examples include specialized knowledge-
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based systems [17, 33]. In addition to semantic relationships, Ostertag et al.
consider similarity-based retrieval [34]. A framework for representation and
retrieval techniques can be found in [19].

When choosing a representation, one cannot only consider the benefits on the
retrieval side, but must also consider the cost involved in creating and maintain-
ing the EB or “computer-supported learning” in general [19]. However, in con-
trast to reuse processes, learning processes have not received that much atten-
tion in the software engineering community. Research on detailed learning
processes focuses primarily on identifying reusable components (e.g., [15, 16,
45]) and on building software component repositories for a given application
domain (e.g., [28, 44]). But these approaches are not able to transfer experience
(e.g., as lessons learned) across domains [24].

A community that focuses on such learning processes is the case-based reason-
ing community. It has its roots in Schank’s work on scripts [42] and dynamic
memory [43]. An evaluation of current case-based reasoning technology is given
in [1]. In software engineering it has been mainly used for similarity-based
retrieval and estimation tasks (an overview is given in [2]). [4] and [25] recog-
nized that case-based reasoning can be used for implementing continuous
learning in an EF-like organization. [46, 47] showed that case-based reasoning
and EF are complementary, combinable concepts. A first architecture for the
integration of these concepts has been presented in [2, 3].
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3 Architecture of a Software Engineering Experience Environment
(SEEE)

Our tool architecture is a generic, scalable environment for the learning and
reuse of all kinds of software engineering experience. It uses the semantic rela-
tionships among experience items to ensure the consistency of the EB, to allow
context-sensitive retrieval, and to facilitate the understanding of artifacts
retrieved. The environment is not restricted to retrieval and storage, but sup-
ports the complete reuse (adaptation) and learning processes as defined by our
methodology in Section 4 and Section 5.

3.1 Knowledge Representation

Storage and retrieval are based on REFSENO, our representation formalism for
software engineering ontologies [48]. Pragmatic constraints impose require-
ments on the formalism [3]. They concern the responsibility for maintaining dif-
ferent types of knowledge. For example, software engineering artifacts are
developed and maintained by projects. Thus, project teams should supply infor-
mation about artifacts (e.g., in the form of characterizations). The EF determines
what kinds of artifacts should be collected, how they are related, and how they
should be characterized as to allow effective and efficient retrieval. This concep-
tual knowledge is captured in the EB schema. It is used to guide the storage and
retrieval of artifacts. Finally, our institute “maintains” REFSENO (i.e., the way the
conceptual knowledge is specified). This division is important since fast learning
can only be realized if experience can be adapted quickly. Fast learning is sup-
ported by the guidance through the conceptual knowledge. The EB schema, on
the other hand, evolves slowly in comparison. An evolution of schema takes
place after careful analysis of reuse behaviors. More radical changes will occur
only if an organization changes its strategic goals. However, REFSENO is
expected to change very seldom since it is based on many projects applying the
EF concept [3, 27, 39].

REFSENO basically provides constructs to describe concepts (each concept repre-
sents a class of experience items), terminal attributes (typed properties of experi-
ence items), nonterminal attributes (typed links to related experience items),
similarity functions (for similarity-based retrieval) as well as integrity rules (cardi-
nalities and value ranges for attributes, value inferences for automatically com-
putable attributes, assertions, and preconditions). The EB schema is specified
using REFSENQ's constructs (Figure 1 shows an example).
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Figure 1:

Project Characterization | | Process Model

Name: Text; card: 1 Granularity: {SW development,

Duration: Real [0..100] in requirements phase, ...}; card: 1
“months”; card: 0..1 Inputs: {customer req., developer req.,

Team size: Integer [0..500]; design, ..., executable system,
card: 0..1 customer release}; card: 0..n

Type of software: {embedded Outputs: (see ‘Inputs’); card: 0..n
realtime systems,
integration and test

environments, ...}; card: 1
ProglLang used: {Ada, C, C++,

...}; card: 0..n; value :=

union(([Artifact]=[Code is-a

Module)).[ProgLang]) Technique Description
Goal: Text; card: 1;

1 0..n

uses Is-a
Code Module
o.n “/ﬁ ProgLang: {Ada, C, C++, ...};

Artifact card: 1

Name: Text; has-part
4 1 0/ Lesson Learned
cara. 1 L' | Issue: Text; card: 1

Guideline: Text; card: 1

0..

derives

Exemplary schema (not shown: similarity functions, assertions, and preconditions).

Thus, REFSENO extends the formalism of Ostertag et al. [34] by additional integ-
rity rules and by clearly separating the schema definition and characterizations.
This is in line with database management systems, which distinguish between
data models and data, and enforce the integrity of the database by rules. How-
ever, in contrast, REFSENO allows for similarity-based retrieval.

In projects with our industrial customers we have learned that knowledge-based
systems (KBS) basing on completely formalized general knowledge (e.g., rule-
based systems) are not necessary for our objectives. Our queries are restricted to
characterizations of a particular concept selected by the user. Inferences are lim-
ited to value computations (e.g., in Figure 1 the programming languages used in
a project are automatically computed by taking the union of the programming
languages of all code modules used in the project) that can be performed at the
time characterizations are inserted. These simplifications result in an improve-
ment of retrieval efficiency. The storage of experience in the form of documents
(in contrast to codified knowledge) results in a significant reduction of the learn-
ing effort typically associated with KBS [19].

The different attribute types allow to deal with various degrees of formality. In
the beginning of the reuse program, it is often not clear how artifacts should be
characterized. Unless a comprehensive pre-study and domain analysis work are
preferred [5, 32, 37], an initial reuse infrastructure can be built gradually. Text
attributes can be used to allow the storage of arbitrary information. However, in
general, no meaningful queries are possible (though information retrieval tech-
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nigues are conceivable). Thus, mainly browsing is possible. However, this may
suffice for small collections. The browsing functionality can be enhanced by
specifying nonterminal attributes enabling navigation along these semantic rela-
tionships. As the information needs become clearer or collections grow in size,
text attributes can be replaced by a set of typed attributes that allow meaningful
queries (e.qg., integer, real, enumeration types). This clearly extends hypertext
approaches and allows to distinguish between the stored experience items.

Moreover, semantic relationships enable context-specific retrieval and facilitate
the understanding of artifacts. Context-specific retrieval allows people to find
useful experience they previously were not aware of (e.g., “find all process mod-
els applied in small projects of my organization” might return projects the user
has not heard of before). Using semantic relationships, queries can be stated
more precisely. Therefore, each concept needs to contain only a few terminal
attributes to differentiate between artifacts, because artifacts also differ in their
context. This feature reduces the effort for setting up the schema initially
because a few characteristic attributes can be found easily by interviewing
experts in an organization. After a specific artifact has been retrieved based on
its characterization, it has to be evaluated for its applicability. To do so requires
understanding of the artifact. Here, context information (provided through nav-
igation along semantic relationships) helps to quickly identify prerequisites and
rationales behind the development of the artifact.

3.2 Scalable SEEE Architecture

The installation of an EB focuses on practical problems and, therefore, has to
meet different requirements. Often, the EB installation starts small, but it must
be able to grow in size. Frequently, organizations already use specialized tools
that must be integrated into the EB. Artifacts might change in the course of an
improvement program from informal to a more formal representation (e.g., a
process model that was, in the beginning, represented as a simple text docu-
ment is then modeled with an advanced tool). Also additional tool functionality
might be supplied as the scope of the reuse program extends.

Our solution to these issues is an open architecture — an advancement of the 3-
layer client-server EB architectures presented in [2, 3]. Figure 2 shows this archi-
tecture with examples of artifact-specific tools that might already exist in an
organization and must be integrated: a process modeling tool, a measurement
tool, and another software engineering (SE) tool as well as their respective arti-
fact-specific storage systems. The important aspects of the architecture are
described in detail in the following.

Copyright © Fraunhofer IESE 1999 7
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Figure 2:

General Purpose Other Process Measurement Other
Browser EB Tool Modeling Tool Tool SE Tool
5 4
A | | 4
EB server
Sync Module
.- - SE Tool
: Sync Module * .
. Measurement Tool J.
n Sync ModuE‘
" Process Modeling Fool
CBR Tool orDBMS |l | B | RDBMS File System
A
—
Case Base inil
reference ==
EB-Specific Storage System Artifact-Specific Storage System

artifact-specific access
------ EB-specific access - - - - -

Tool architecture with examples of tools

The EB data (i.e., artifacts and characterizations) is distributed over an artifact-
specific storage system and an EB-specific storage system. In the artifact-specific
storage system, the actual artifact data (e.g., process models, measurement
plans) is stored in its native format in databases or files. The EB-specific storage
system consists of a case base where the artifact characterizations are stored.
Each characterization has a reference to the actual artifact data in the artifact-
specific storage system. This distribution of the EB data over case base and arti-
fact-specific database systems or files has the advantage that existing tools can
be invoked using the reference that is stored in the characterization. Because a
different server program (i.e., database management system or file system) can
be used for each type of artifact according to its needs regarding the represen-
tation formalism, these different representation formalisms do not interfere with
each other. In the example shown in Figure 2, the process modeling tool and
the measurement tool use the same object-relational database management
system (ORDBMS), whereas the other SE tool uses a relational database system
(RDBMS) for storing its data. The process modeling tool also accesses the file
system for creating HTML pages for process guidance.
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An EB installation has, as its core parts, a case-based reasoning tool (CBR tool)
[49], a general purpose browser, and an EB server. Artifact-specific tools and
storage systems can be added as needed. The CBR tool stores the artifact char-
acterizations in the case base and allows similarity-based searching via the arti-
fact characterizations. The general purpose browser provides searching, view-
ing, and manipulation of characterizations. The operations are handled by the
EB server and the CBR tool. Other EB tools (e.g., for special maintenance tasks)
can be added in parallel to the general purpose browser. The EB server synchro-
nizes access to the case base, the databases, and the files. It also maintains the
references from the characterizations to the artifacts. All this is only required for
objects that are under the control of the EB. The project-specific artifacts are not
in the scope of the EB and, thus, need not be known by the EB server. To inte-
grate a new artifact-specific tool into our architecture, only a small synchroniza-
tion module for the EB server is required. Such a module manages access to the
EB-specific and artifact-specific storage. For our standard tools, synchronization
modules are provided.

The openness of the architecture and the loose coupling of the artifact-specific
tools to the EB lead to good scalability of an EB installation with reasonable
effort. Because tools can be added or left out as necessary, an EB installation
can start small and can be extended later where and when required.

Copyright © Fraunhofer IESE 1999 9
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4

4.1

Figure 3:

10

Reusing Existing Experience

This section shows the decomposition of the task “reuse” and its implementa-
tion for our architecture with a simplified scenario.

Decomposition of the Task “Reuse”

The task “reuse” is decomposed as shown in Figure 3 (a refinement of the
decomposition shown in [10]). The objectives of the subtasks are as follows:

The objective of reusing experience is to save effort while delivering better qual-
ity in less time. This is done in several ways: First, instead of developing new arti-
facts from scratch, appropriate reuse candidates are retrieved and modified.
Second, tacit knowledge in a certain context is “retrieved” from experts that are
identified using the EB. Third, relevant existing information in a certain context is
retrieved for supporting management in, for example, detecting problems and
risks and making experience-based decisions. The retrieving is decomposed into
identifying candidate experience in the EB, evaluating this experience, selecting
the best-suited experience, and modifying the selected experience to suit the
given reuse requirements.

The objective of identifying candidate experience is to find a set of objects with
the potential to satisfy project-specific reuse requirements. This is done by char-
acterizing the required object according to the characterization schema and
then matching this characterization with the characterizations of the existing
artifacts in the EB.

The objective of evaluating experience is to characterize the degree of discrep-
ancies between a given set of reuse requirements, and to predict the cost of
bridging the gap between reuse candidates and reuse requirements. Based on
the results of the evaluation the best-suited reuse candidate(s) is/are selected.

reuse

retrieve modify
/identiK evaluate select
characterize match

Decomposition of the task “reuse”.
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Reusing Existing Experience

The objective of modifying experience is to bridge the gap between the selected
reuse candidate(s) and given reuse requirements. Either one single reuse candi-
date can be modified into a new artifact or several reuse candidates can be
merged into one artifact.

The following scenario demonstrates the reuse of existing knowledge stored in
the EB and the use of tacit knowledge in the organization. The schema of the EB
is shown in Figure 1.

The Project “Maui”. The group “fuel injection” has just signed a contract with
a car manufacturer to develop the software for a new fuel injection system (an
embedded real-time system). The contract demands a design review, but the
group has never done a design review before.

The Planning of the Project “Maui”. The planning of the project starts with a
preliminary characterization of the project according to the properties known so
far: a duration of 12 months, a team size of six, the software type “embedded

real-time systems”, and the technique “design review".

The “Maui” project manager needs information on similar projects where a
design review has already been performed because he has never managed a
project with design reviews before. The preliminary characterization of the
project is used for identifying similar projects in the EB to reuse knowledge from
these projects. The two most similar projects “Lipari” and “Purace” both
employed design reviews. The evaluation shows that these projects did not deal
with embedded real-time systems, but experience about design reviews exists.
Quite strikingly, in both projects the design reviews were combined with design
inspections. The “Maui” project manager selects the first similar project,
“Purace”, for getting more in-depth, tacit knowledge by interviewing the
“owner” of the project experience: the “Purace” project manager. It turns out
that the inspections were performed for preparing the design review. The goal
was to eliminate as many design defects as possible before the customer takes a
look at the design, thus, increasing the confidence and/or satisfaction of the
customer. Based on this discussion, our “Maui” project manager decides to
employ design inspections as well.

Furthermore, he decides to check if there are process models that have been
applied for developing embedded real-time systems, because the development
process models that were used in the projects “Lipari” and “Purace” have not
yet been applied to the development of such systems. So, he uses the prelimi-
nary project characterization as the context for identifying process models that
cover the whole development process (granularity “SW development”, inputs
“customer requirements and problem description”, and output “customer

Copyright © Fraunhofer IESE 1999 11
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Figure 4:

12

release”) and have been applied in a similar context (i.e., for the development of
embedded real-time systems, with a team of six persons, and a duration of 12
months). This context-sensitive query is depicted in Figure 4.

File Edit Model Tools Server Language Retrieval MNavigation Help

S|E| Dea] ke «|» ||| B|%[|= &)
| |
] Atiributes [ Query Case Standard 0815 |
v | Artifact type Process model Frocess model Process model =
Acquisition technigqug 7 {Brochures , Discussi|  {Brochures |, Intervie
v Context Context Context Contest
= Organization 7 Organizational char Organizational chary
Project Project characterizal  Project characterizal  Project characterizaf
Application of stand ? true true
Duration 12.0 16.0 A.5
Efficiency 7 Unknown Unknown
Effort 7 Lnknon Lknown
End 7 930730 330131
Estimated product | 7 unknown unknown
Functionality 7 Crucial Important
Lifecycle models uj 7 {Spiral} [ aterfall}
Maintainability 7 unknown unknown
Memory constraint] 7 rinimal rinimal
Hewness to state q 7 Initial delivery Frototype
Ho. of installations | 7 300 3
Performance const) 7 Mormal Mormal
Portability 7 unknown unknown
Programming langu| 7 [assambler , C++} {C}
Project-specific go 7 7 7
Reliability 7 Crucial Crucial
Start 7 920301 920615
Target platforms | 7 {Embedded process {PCs}
Team size B 30 10
Type of software {Embedded realtime {Embeddad realtime {Integration and tesf
Usability 7 Unimportant Desirable
Use of software pn 7 {Embedded in one o {In-house use}
Experience provider| 7 Froject manager Froject manager
Fidelity 7 has propery padially]  has property
Fithess 7 has propery padially]  has property partially| |
Granularity SW development S development 5w development
Id 7 Standard 4711 Standard 0815
Inpuis {Customer requireme {Customer requireme {Customer reguireme
Last change 7 7 7
Dutpuis {Customer release} {Customer release} {Executable system} d
[Con: user [ [Filter: [Weight: [Case: 1 of 10 [Sim1: 0.956 [SimZ: 0.964 |

Identification of the process model with the general purpose browser.

Further evaluation shows that only one process model is suitable for the devel-
opment of embedded real-time systems. This is the process model

“Standard 4711", which the project manager has already used in several
projects. Thus, he selects “Standard 4711" as best-suited reuse candidate and
decides to modify it by extending it with design inspections and reviews using
parts from the process models used in the projects “Lipari” and “Purace”. For
this modification task he invokes a process modeling tool.
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The Performance of Project “Maui”. After the performance of the first
design inspection, the project manager compares the design error rate with the
lessons learned from the identified similar projects “Lipari” and “Purace”, which
are also stored in the EB. He finds out the rate is worse than expected. The les-
sons learned for “Lipari” and “Purace” state two potential reasons for this: (1)
the design inspection team is less experienced; (2) the design engineers are less
experienced. Obviously, the first reason matches. To check the second, the
project managers of “Lipari” and “Purace” are interviewed regarding the expe-
rience of the design engineers involved. It turns out that they have almost the
same experience as the design engineers in the project “Maui”. Thus, the sec-
ond reason is rejected and further training for design inspections is arranged. In
the next inspections after the training, the design error rate reaches the
expected level.

4.3 Benefits of Our Approach

In contrast to [10], our approach also provides knowledge maps for identifying
sources of tacit knowledge (e.g., the identification of the project managers of
the projects “Lipari” and “Purace” who have experience with design reviews),
supports the planning and performance of projects by providing relevant infor-
mation (e.g., lessons learned), and also assists in discovering unexpected knowl-
edge (e.g., the fact that a design review requires a design inspection).

Unlike many other approaches, reuse is also comprehensive, that is, reuse is not

restricted to artifacts of one or a few types (e.g., component specifications [31,
35, 36)).

Copyright © Fraunhofer IESE 1999 13
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5.1

Figure 5:

14

Learning for Future Projects

This section shows the decomposition of the task “learn” and its implementa-
tion for our architecture with a simplified scenario that continues the scenario
from the previous section.

Decomposition of the Task “Learn”

In [10] learning was decomposed into recording and packaging. Because it was
too abstract to apply this systematically in practice, we developed a more
detailed decomposition of recording based on our project experience. This
detailed decomposition is depicted in Figure 5 and described in the following.

learn

record \ package
collect store quali publish
/ / complete
copy verify/ characterization
split initially validate
characterize analyze  evolve
correct  artifact

Decomposition of the task “learn”.

The objective of learning is to improve software development by allowing effi-
cient and effective reuse. Therefore, we create a repository of well-specified and
organized experience. Learning is done by recording and packaging experience.

The objective of recording experience is to fill the EB with well-specified and
organized experience according to the needs of the EB’s users.

The objective of collecting experience is to capture new or improved experience.
The EF can do this actively by searching for artifacts and information that might
be worth recording for future reuse (in projects and in the world at large).
“Worth” means, for example, that the item is the kind of knowledge that is
expected to be used in future projects, or that the item is regarded useful by the
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project team. The project teams can also make suggestions for new artifacts or
updates of already stored artifacts and/or their characterizations.

The objective of storing experience is to make a new artifact and its character-
ization available in the EB so that it can be qualified and published if it is
accepted. To store an artifact, it is first copied into the EB to avoid further modi-
fications by the project team. For some artifacts it is appropriate to split them
into reusable parts (e.g., a program into components). Afterwards, the artifacts
or each of the parts it has been split into, is characterized initially as far as the
characteristics are known. The experience is stored in experience packages (EPs)
[10] that consist of an artifact and its characterization.

The objective of qualifying experience is to check and modify (if necessary) a
new artifact and its characterization to have it “fit” for reuse (or reject it during
the qualify process). Each EP has to be verified/validated to ensure that it has the
required quality, etc. Then the package is corrected according to the results of
the verification/validation. The artifact must be analyzed regarding its reuse
potential and then be evolved if necessary and suitable. Also, the characteriza-
tion has to be completed. Note that evolving an artifact can require another ver-
ification/validation, and correcting a package can also require a new analysis
(depending on the changes).

The objective of publishing experience is to make a stored and qualified EP avail-
able for its intended users. Before the experience is published, it is only available
within the context of the recording of the artifact (e.g., for testing the character-
ization of the artifacts with some retrievals). Draft versions can be published pre-
liminarily when useful.

The objective of packaging experience is to increase its reuse potential. This can
be done by, for example, merging artifacts, improving the EB characterization
schema, finding out what kinds of packages are required in future projects (new
reuse requirements, processes, and scenarios) and acquiring these packages.
The development of a detailed method for packaging experience is one of the
next challenges of our applied research activities.

5.2 Developing and Collecting Experience

To develop and/or collect experience meaningfully and effectively, we must find
out what experience is needed in future projects by whom in which scope (orga-
nizational unit, knowledge areas) and, based on these findings, plan when, by
whom, and how this experience can be developed and/or collected.

Finding out what experience is needed can be supported and illustrated by the

development of reuse scenarios that show when and how which artifact(s) or
information is (re-)used by whom. The management of the company can also
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Scenario

set constraints regarding, for example, the organizational unit where the EF is
implemented, or competencies that are covered.

In practice it is not always possible and useful to plan exactly what, in which
scope, when, by whom, and how experience is collected. So there is a wide
range of ways for developing and collecting experience. The following four ways
are typical:

e Spontaneous collection, where only the scope is defined (e.g., spontaneous
recording of lessons learned during project performance, suggestions by
project teams for reusable software components)

e Fvent-driven collection at milestones of a project (e.g., shipping of a release,
completion of an inspection or review) and after the end of a project (e.g.,
the analysis of a project in a post-mortem meeting with the project team)

* Periodical collection (e.g., periodic checking of projects for new code mod-
ules)

e Exactly-planned collection, where exactly specified experience is developed
and/or collected (e.g., an EF-initiated project that develops code modules for
reuse, a controlled experiment by the EF for testing a new design inspection
method)

Each of these ways has certain advantages and prerequisites. For example: For
short projects it is practicable to collect experience only after the end of the
project in order to keep the effort for learning low. For long-term projects,
event-driven collection at milestones makes new experience available earlier.
The periodical collection also allows to make artifacts available relatively early
when the period of time between milestones is long; on the other hand, this
could also lead to more effort for qualifying the artifacts because they might not
have passed all tests in the project.

The scenario demonstrates how the learning process is supported by tools. It
continues the scenario from Section 4. The characterization schema of the EB is
shown in Figure 1.

Planning and Performance of the Project “Maui”. During the planning
phase, the preliminary characterization of the project “Maui” is recorded. The
advantages of this are that the project “Maui” can be notified when, for exam-
ple, errors are found in artifacts reused by “Maui”, that the EB can be used as
knowledge map on tacit knowledge in currently running projects, and that the
preliminary characterization can be specified as context for all experiences from
the project that are recorded during planning and performance of “Maui”. For
example, lessons learned cannot be added without a project characterization.
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This is specified in the schema (see Figure 1) by the cardinality of the “derives”
relationship between lessons learned and project characterizations.

During project performance, a lesson learned for the reused code module “db-
access” about a problem with a database management system ABC-Access and
its solution is spontaneously recorded as follows: The lesson learned including its
characterization is provided by the project team as a suggestion for the EB (col-
lect and store). The verification regarding the EB standards for lessons learned
showed no violations. Afterwards, the lesson learned is analyzed to see whether
it is a wanted, potentially useful artifact. Because ABC-Access is expected to be
used in many future projects, the lesson learned is regarded as useful and, thus,
finally published.

Post-Mortem Meeting of Project “Maui”. After our project “Maui” was fin-
ished, a post-mortem meeting showed that the new process model, which has
been developed in the project, is worth being stored in the EB. The post-mortem
analysis also showed that instead of six people, seven had been working on the
project. The project duration was also prolonged by one month.

The preliminary project characterization is updated and completed based on the
results of the post-mortem analysis. Then it is validated by a review. Finally, the
updated, validated project characterization is published. Note that an analysis of
its reuse potential is not necessary because the project characterization is
required as context information for any experience from the project that is
stored in the EB. Thus, recording project characterizations is mandatory for all
projects.

The process model is copied to the EB and initially characterized. Then the pro-
cess model and its characterization are validated by a review. A process model-
ing tool is used for viewing the process model. It is noticed that standards
regarding names are not fulfilled completely. Thus, the non-standard-compliant
names are corrected using the tool. Afterwards, it is analyzed regarding its reuse
potential: The process model has been used in a project with a small team. The
reuse scenarios show that process models for projects should be available for
projects with small and large teams. Thus, the process model is evolved by add-
ing recommendations about how the process model can be used in a project
with a large team. Finally, the characterization is completed and the EP “Stan-
dard 4711 with Design Inspections and Review" is published (see Figure 6).

This publishing can even be done remotely with our WWW interface as shown
in Figure 6. The use of WWW-based technology also allows to scale the

EB system from use in a single intranet (e.g., for a small company) up to global
networks (e.g., for a globally operating company). For global reuse and learning
appropriate artifact-specific storage systems are also required that can deal with
world-wide access. Simple text or HTML documents can be viewed directly using
the WWW browser.
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Figure 6:

5.4
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¥ Artifact type [Process_model 2]
Id |Standard 4711 with Design Inspections aiy
Experience_provider | Froject manager |£|
Representation_form | Diagram |£| —
Acquisition_technique [ unknown [2]
Owner |Lisa
Status [ Complete |#]
Granularity | s development |#]

Inputs +

Developer requirements
Cresign document
Cade +

ﬂutputs Froblem description
Customer requirements
Developer requirements
Cresign document

Caode + =
P Context Contest 2]
publizh |
*

Example for characterizing and publishing a process model using the WWW interface.

Benefits of Our Approach

So far, learning has often been neglected in reuse approaches. We have pre-
sented a detailed description of recording, a subtask of learning. For developing
and collecting experience, a viable approach was described. The qualifying
actively ensures that the stored artifacts are of high quality and relevant for
future (re)use. The detailed description of the recording process allows to sup-
port the tasks with tools, which also makes learning faster, better, and cheaper
through, for example, guidance for characterizing new artifacts by the use of
schemas, automatically controlled integrity rules ensuring consistency of the EB,
and usage of existing artifact-specific tools. The use of WWW-technology for
the general purpose browser makes our approach scalable from local to global
use in order to support world-wide learning in a company that is distributed
around the globe.

Copyright © Fraunhofer IESE 1999



Running an Experience Base

6 Running an Experience Base

The scenario in the previous sections has shown how the processes of reusing
and continuous learning can be supported by an EB. An actual deployment of
an EB also requires that the EB is embedded into an organizational infrastructure
that provides funding and strategies to consolidate reuse and learning [38]. The
organizational infrastructure is divided into project organization and EF [8]
according to the responsibilities of each organizational unit. The project organi-
zation consists of several project teams and focuses on software development
while reusing experience and gaining it. The EF provides goals for the EB,
records and packages experience for future projects. We identified the functions
manager, supporter, engineer, and librarian. The manager defines strategic
goals, initiates improvement programs, acquires and manages resources. He
also determines the structure and contents of the EB (e.g., the schemas) and
controls its quality. The supporter is mainly responsible for recording new expe-
rience and supporting the project teams. He collects and qualifies artifacts from
projects (e.q., validates a process model and its characterization, evolves a pro-
cess model) according to reuse requirements and goals given by the engineer.
He assists the project team on request in retrieving and modifying experience.
The engineer is responsible for packaging and analyzing existing experience.
Together with the manager, he identifies new reuse requirements and acquires
EPs according to them. He analyzes the EB to search for improvement potential.
The librarian is responsible for technical tasks like the creation and maintenance
of the EB. He stores and publishes EPs.

Figure 7 shows the elements of the organizational infrastructure and the infor-
mation and control flow among them. Here, the supporter is the interface
between the project organization and the EF. For the project organization, he
works as a team member. For the EF, he collects, characterizes and qualifies arti-
facts of the project. For this work, the supporter is paid from the EF (which, in
turn, is partly funded by the project). However, the boundary line between the
project organization and the EF is based on the needs and characteristics of a
company, and can vary from company to company [8].

Implementation of the infrastructure can grow incrementally. First, one person
can perform all functions of the EF beginning with a single, small project. As
more projects participate, more people undertake the different functions. This is
an important point for selling reuse to management [23]. However, right from
the start, management commitment is necessary. A key to create commitment
from project teams is training in reuse [23]. This is done by the supporter who
assists the project teams in reusing experience. He also pays attention to the
quality of the EPs to strengthen the project teams’ confidence in the reliability of
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the EPs. Another important point is that the EF gives financial incentives for
recording artifacts.

project organization !

(tailored) EP &
A41‘acts i @

project team

Ty -
supporter

EP EP query

goals
reuse requirements query
EP
@ - experience
= EP, EB info base
engineer

EP EB info

reports| | reuse requirements
goals

é reports
Ay . . - li .
ibrarian
manager Instructions
experience factory
Figure 7: Organizational infrastructure for running an experience base
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Projects

The approach described in this paper has been applied in several projects. In this
section, we present some of them.

In an industrial project, one of the authors was involved in transferring the tech-
nique of software inspections into a large German company. Various usage sce-
narios for querying information about the technique were identified. They
included the initial training of project teams, providing guidelines during the
performance of inspections, and providing problem-solution statements for
mastering difficult situations during the performance. The information demands
were met by building an EB for software inspections. Classes of experience
items were (among others) lessons learned (guidelines and problem-solution
statements), project characterizations, and auxiliary documents as well as
descriptions of intermediate products (defect forms, minutes of inspection
meeting etc.), roles, and process steps. Altogether, they make up the technique
description [18].

Because no complete list of important guidelines and difficult situations was
available a priori, we had to enable the organization to learn itself. For this pur-
pose, lessons learned were attached to the process steps and intermediate prod-
uct descriptions (see above) after the performance of an inspection.

Although our technical infrastructure was not deployed at the company, the
usage of schemas for structuring the description of the technique was very help-
ful in analyzing the lessons learned to create guidelines, problem-solution pairs,
and improvement suggestions. Currently, we are integrating several variants of
inspection techniques and lessons learned from various companies into one sin-
gle EB on inspections. This requires the enforcement of the integrity rules using
the full capabilities of REFSENO.

In another project, we have started to deploy parts of a SEEE in a large insurance
company. In that project, we initially developed a schema for the process model,
lessons learned, and project characterizations. It is planned to gradually extend
the schema to also include measurement plans, measurement results, milestone
plans, and project schedules. Other kinds of experience may follow. Through
this project we have learned that schemas with many text attributes are difficult
to fill out because it is not always clear under which attribute a given piece of
information must be placed. Guidelines for filling out schemas can be devised to
alleviate this problem.
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A prototype of our tool architecture (the general purpose browser in particular)
can be accessed over the World Wide Web." The prototype called CBR-PEB
(short for case-based reasoning product experience base) enables users to
search for CBR systems. There are two kinds of CBR systems in the EB: CBR
applications (running software systems that can be reused, but must be adapted
to new requirements) and CBR tools (software systems that can be used to gen-
erate CBR applications). CBR-PEB is also an example where context-sensitive
search was rated important by the users that were interviewed for the initial def-
inition of the schema (technical criteria and general information) [7].

Using this prototype, we learned through goal-oriented measurement and
usage trials that the quality of the artifacts and the accuracy of their character-
izations are essential with respect to the perceived usefulness of the experience
provided by the retrieval system. This means that any artifact stored must exhibit
a minimal quality (to be defined by the user) and be associated with a complete,
correct, and up-to-date characterization [2].

1 URL: http://demolab.iese.fhg.de:8080/
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8 Conclusion

In this paper we presented our tool architecture and its underlying methodology
for reuse and continuous learning of all kinds of software engineering experi-
ence. Our architecture extends existing ones by supporting the whole process of
reuse and learning for arbitrary experience items. Additionally, we described
how the architecture should be embedded in the organizational infrastructure
that is needed for successfully running an experience base.

The retrieval mechanism of the experience base includes a context-sensitive
search and is based on a schema that guides the characterizations of experience
items. This means that users need not be knowledge engineers. It also enables
them to find useful experience they previously were not aware of. The consis-
tency of the experience base is ensured through integrity rules. This reduces the
effort for maintaining the experience base. The schema allows a gradual upscal-
ing from informal to formal characterizations as collections grow in size. In addi-
tion, the schema ensures helpfulness and good quality of service for a diverse
set of users (e.g., developers, project managers, experience factory personnel).
This has been demonstrated through scenarios.

By allowing arbitrary representations for storing artifacts (in contrast to their
characterizations), new artifacts (and tools to view and edit them) can be incor-
porated at any time. Tools existing in the organization can be integrated easily.
It is even possible to store earlier versions of an artifact as text files and later ver-
sions in a tool-specific format without the need to switch to a new environment.
This makes our approach flexible with regard to the formality of the artifacts
stored. The World Wide Web interface allows to scale up our infrastructure for
global use as demonstrated by our prototype CBR-PEB.

Currently, we are extending our learning process through an engineering
approach for developing organization-specific schemas. The basic idea is to
derive an initial version from a core set of schemas (the counterparts to our arti-
fact-specific tools) and then to iterate this version by monitoring the usefulness
(and its influencing factors) perceived by the users.
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