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TusZSARUTOHED., N"—FZ21HTLR:

08:00 Continental Breakfast

09:00 Keynote Presentations
L.A.Belady(MERL, USA): "Software Research
with a Japanese Touch"

L.Duvall(Kaman Science, USA): "A Sociological
Look at Software Management in USA
and Japan"

T.Matsubara(Office Peopleware, Japan): "Software
Process from Japanese Perspective"

N.Nakakoji(Colorado Univ, USA): "The Need
and Support for a Cross Cultural Perspective
of Software Engineering"

A Kumagai(PFU, Japan): "Conceptual Models
and Their Cultural Backgrounds"

M.Noro(Nanzan Univ, Japan): "Is OO Software
Development Is a Japanese Way of Doing It?"

K.Reed(La Trobe Univ, Australia): "Government
Policy Setting for Software Engineering
Research for Emerging Economics in
the Pacific Rim"

J.Vemer(City Univ of HongKong, HongKong):
"Status of Software Engineering Practice
in HongKong"

12:00 Lunch Break

13:00 Working Group Discussion
Group-1: Technology Issues
Group-2: Management Issues

18:00 Wrap-Up Session with Dinner
20:00 Closing
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Abstract pa

Systems analysis has traditionally focused on individual systems in isolation. -
Each new problem has spawned its own project in which the cycle of analysis, sef

specification design, and implementation is repeated. In many cases, however, Sy
the problems being solved are similar or even substantially the same. As a result, off
there is considerable duplication of effort. :

ori

oo , N al

The traditional approach focuses on the differences between individual systems gm
from a given problem area or application domain and ignores the commonalty it

that exists among them. It also ignores the potential for reuse of software
products across different, but related, applications from within the domain. This Th
paper discusses an approach to software development that explicitly considers

families of systems within a given application domain and exploits the OIfD]‘

commonalty among them. |
1 Introduction
Application systems are designed and developed to solve a particular problem. The o
particular problem may be the management of customer data for a corporation or the the
navigation of a spacecraft to Mars. In each case, the individual application can be sy
viewed either as a unique problem or as a member of a set of applications from within a n:
its domain.

: : Wi

Here, the term domain refers to a particular problem area, such as data management or ‘ ot
spacecraft navigation. A domain is characterized both by its subject matter, or content, i
and by the types of problems that are addressed within that subject matter. The o
domains of airline flight reservations and air traffic control, for example, address similar sp:

subject matter (e.g., aircraft and flights) but deal with very different kinds of problems a5y
(e.g., seat reservations versus movement of aircraft through an airspace). Thus, they are dis
different domains. From the point of view of software development, a domain is -

. ; : car
defined by a collection of (actual and potential) software products that share common
characteristics and address a common set of problems.
2 1
The meaning of a domain-oriented approach can, perhaps, best be appreciated by
contrasting it with the traditional application-oriented approach. In the application- Us
oriented approach, each individual application is approached in isolation. This occurs ori

even though the organization may build several related applications or provide be;
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software for a “product line,” a series of essentially similar applications of increasing
sophistication, such as a line of microwave ovens or copiers.

A product line typically includes several different models of increasing functionality.
More sophisticated models typically provide the capabilities of their less fancy siblings
and add new capabilities of their own. There is often significant commonalty across the
line. This commonalty is usually exploited by using common hardware parts in all of
the models. Unfortunately, this does not extend to the software used to control the
parts.

Currently, in most organizations, the construction of each application is orgarized as a
separate project. Each group performs its own development process with little or no
coordination with the others. As a result, there is likely to be significant duplication of
effort and little opportunity to reuse software products across projects. A domain-
oriented approach explicitly considers the collection of potential applications first and
particular individual applications second. The work of different groups is coordinated
and duplication of effort is avoided. By identifying common components and using a
common software architecture, opportunities for reuse are increased.

The idea of using a domain-oriented approach instead of an application-oriented
approach is not new. As early as 1976, Parnas advocated the design and development
of “program families:”

“We consider a set of programs to constitute a family, whenever it is worthwhile to study
programs from the set by first studying the common properties of the set and then
determining the special properties of the individual family members.” [Parnas, 1976].

In 1984, Neighbors coined the phrase “domain analysis” to refer to the identification of
the objects and operations that represent information common to a class of similar
systems within a problem domain [Neighbors, 1984]. Prieto-Diaz [Prieto-Diaz, 1987]
and Arango [Arango, 1988] extended this notion and further defined domain analysis.

While these early efforts were aimed at increasing software reuse, there are a number of
other potential advantages to domain analysis. The following section discusses several
of these advantages. Section 3 describes the activities that contribute to domain
engineering. Section 4 discusses domain separation. Section 5 discusses domain-
specific architectures. Section 6 presents the notion of a domain-specific environment
and describes a software process based on such an environment. Finally, Section 8
discusses the characteristics that help determine whether a given domain is a likely
candidate for domain engineering.

2 Why Use a Domain-Oriented Approach?

Using a domain-oriented approach requires more effort than the traditional application-
oriented approach. If this effort is to be justified, it must provide corresponding
benefits. This section describes the major benefits of using a domain-oriented approach.
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2.1 Overcoming the “Thin Spread of Application Domain Knowledge”

In their landmark study of the software design process for large systems, Curtis,
Krasner, and Iscoe [Curtis, et al., 1988] identified the “thin spread of application domain
knowledge” as one of the most significant problems facing today’s software
development organizations. Accurate problem domain knowledge is critical to the
success of a software project. This knowledge, however, is very difficult to obtain.
Typically, software professionals must become experts in the application domain or
application domain experts must learn to develop software.

The problem is compounded by the fact that what domain knowledge does exist is
spread thinly and unevenly across project personnel. While individual developers may
understand certain aspects of the system, the deep domain-specific knowledge required
to integrate these different aspects of the problem is often possessed by only one or a
few individuals. This knowledge, however, is often the key to the success of a project.

The use of a domain-oriented approach can help overcome the “thin spread of
application domain knowledge” and reduce the dependence on key individuals for
project success. A domain model captures knowledge about both the components of a
problem and their relationships. Documenting this knowledge makes it available to
anyone involved with the project. Moreover, documenting the knowledge in the form
of a domain model captures this crucial information and preserves it in the event that a
key individual is transferred to another project or leaves the organization.

2.2 Establishing a Common Understanding

One of the common frustrations with software development methods, whether of the
structured analysis or object-oriented variety, is the lack of uniformity among system
models produced by different developers. For a given problem, a team of six
developers is likely to produce six (or more!) different models. This variability is often
perceived as a lack of definition or rigor in the software development method being
used.

The source of this variability, however, is not necessarily in the method. It may come
about because of the different conceptual models of the problem held by the different
individuals. In any software project, there are a number of stakeholders, including
users, marketing, developers, and management. Each of these stakeholders has his or
her own view of the proposed system. In addition, as noted above, knowledge about
the application domain is spread unevenly among these stakeholders.

The problem is further compounded by the fact that a great deal of knowledge is
implicit — “everyone knows about that.” Unfortunately, everyone knows something
different about that. The fact that this information is implicit and, therefore, never
explicitly represented means that the differences in understanding are often not
uncovered until some problem occurs in the software, typically during integration
testing or later.
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Construction of a domain model, an important component of a domain-oriented
approach, can help to address these problems. A domain model provides a way of
capturing and representing knowledge about the domain. The model can also be used
to externalize (make explicit) the implicit knowledge held by various domain experts.
Constructing the model makes it possible to identify differences in understanding
among the various stakeholders. Once identified, these differences can be resolved
before work on the software even begins.

2.3 Economies of Scope

In manufacturing, mass production makes it possible to realize economies of scale. When
producing large numbers of identical items, such as automobiles, it is possible to justify
tailoring the manufacturing process and equipment to those items. Workers can also
specialize on individual tasks. Tailoring the process and equipment and specializing
job functions improves both productivity and quality. Finally, raw materials can be
purchased in large quantities, adding further savings.

Traditional notions of mass production and economies of scale are not readily
applicable to software development, however. Software is not manufactured in the
traditional sense. Each software product is unique and every new project requires at
least some custom design. The closest thing to economies of scale in the software
industry is the mass distribution of end-user “shrink-wrap” software packages. The
duplication of this software is amenable to the techniques applied to other mass-
production enterprises. It is, however, a trivial process when compared with the
development of the original software.

Alarge project may be able to take advantage of some economies of scale. If the project
is large enough, it may, for example, be possible to justify buying or building
specialized tools. It may also be easier to justify the cost of training for larger projects.
However, these benefits are only possible for large-scale efforts and rarely extend
beyond the individual project.

The most important economies in software development, therefore, are not economies
i of scale but economies of scope. Economies of scope are

“... cost reductions or productivity gains that come from developing a series of products
within one firm (or facility) more efficiently than building each product from scratch in a
separate project.” ([Cusumano, 1991], p. 8)

Focusing on a series of products, rather than a single product at a time, makes it
possible to realize savings by sharing resources, including tools, methods, people, and
software products (e.g., designs and code), across several projects. Traditionally, this
has happened only accidentally in software development organizations.

The greatest leverage comes from the production of a number of related systems within
the same application domain. Although software tools and methods are supposed to be

27-
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domain independent, they rarely are. The tools and techniques used to develop
database and real-time software systems are, of necessity, very different. People can
rarely become expert in several different domains. Finally, software products from one
domain are rarely reusable in another. When they are, they are likely to be so general
(e.g.. abstract data types) that the payoff for their development and reuse is small.

When a group of related systems is produced, it is also possible to tailor the software
development process so that it provides optimal support for their production. While
several “generic” software process models exist, experience has shown that they must
be adapted to meet the circumstances of individual projects.

The principles of domain engineering form the basis for the success of Japan’s software
factories. Although they were founded before the term “domain analysis” became
popular, the software factories have exploited the idea. Software factories concentrate
on developing software within a particular application domain, such as
telecommunications or systems software. They concentrate on developing expertise
within that domain, designing software components that can be reused across systems
within the domain, and optimizing the software process for the types of systems that
they produce.

2.4 Evolution

Software systems typically undergo evolution. Evolution may include enhancements in
functionality or changes in target platform. Historically, evolution in software systems
has been easy to talk about but difficult to achieve. While software is, at least in
principle, more malleable than hardware, it is not infinitely so. In particular, making a
piece of software easy to change in one dimension inevitably means that it will be less
easy to change in others. The capability for evolution, therefore, must be designed into
software and the types of change that are likely to be required must be anticipated.

A domain-oriented perspective can help to address this problem. Understanding the
domain and the applications that are likely to be constructed within it helps in
anticipating the kinds of changes that are likely to be required as the software evolves.
The software architecture than then be crafted to make the anticipated changes as easy
as possible. Of course, other types of changes are likely to be more difficult. However,
a good understanding of the domain can help to ensure that such changes are unlikely
to be needed.

2.5 Reuse

One of the earliest motivations for performing domain analysis was reuse. The greatest
leverage in software reuse comes from components that are application domain specific
[Williams, 1991]. It has long been recognized that there is a trade-off between power
and generality in the reuse of software components [Biggerstaff and Richter, 1987].
Generally useful components may be (re)usable in a wide variety of applications.
However, these general components are also likely to be low-level and their reuse is
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thus unlikely to produce significant productivity gains. The “Booch components” are
an example of such generally reusable components [Booch, 1987].

Domain-specific components tend to be larger, providing greater productivity gains for
their rzuse. The disadvantage is that these components are likely to be reusable only
within the application domain for which they were developed. Finally, domain-specific
components provide abstractions that are tailored to the needs of a particular
application area and thus are easier to understand and (re)use as well as more stable
with respect to changes in functional requirements.

3 Domain Engineering

Domain engineering includes several related activities. The particular details of these
activities will depend on the approach to software development (methodology) being
followed. Thus, these activities are presented as a set of related tasks to be performed,
rather than as a coherent process or methodology.

3.1 Defining the Domain

Defining the domain requires establishing both the subject matter to be addressed and
the types of problems to be solved. This is, perhaps, the most difficult part of domain
analysis. It amounts to answering the question “What business are we in?” The answer
defines the types of applications that fall within the domain and, either directly or
indirectly, those that do not.

3.2 Domain Analysis

A domain analysis is an investigation of a particular problem area or application
domain whose purpose is to discover and exploit the common characteristics of a family
of related applications within that domain.

It is possible to identify two very different approaches to domain analysis. Prieto-Diaz
has labeled them synthetic and evidentiary domain analysis [Prieto-Diaz, 1987]. Synthetic
domain analysis parallels the traditional systems analysis process. It starts with some
theory about the domain and/or a description of one or more desired applications from
within the domain. These are then used as a basis for constructing a general model of
the domain. Evidentiary domain analysis is based on existing applications. These
applications are “reverse engineered” to uncover common data, functions, or
components. Ultimately, these components may be refined and placed in a component
library.

The following activities contribute to the process of domain analysis:

 Selecting representative applications: Applications that are representative of those
to be constructed within the domain are selected. These applications may be
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planned projects or existing applications. They may also be based on some
body of theory about the domain.

* Modeling the domain: Once representative applications have been selected, it is
possible to construct a model of the domain. This model is broader in scope
than a typical requirements model. A domain model captures knowledge
about: the application domain (such as monitored and controlled variables or
control laws), the environment(s) that applications from the domain must
operate within (such as government regulations or arrival rates of events in a
real-time system), and any constraints that apply to the applications (such as
safety constraints).

A domain model is also at a higher level of abstraction than a typical
requirements model. As with any requirements model, the domain model
should not introduce any bias that will unnecessarily constrain the
implementation of an application. In addition, it should not unduly constrain
the applications that can be specified from the model.

The particular form of model used will depend both on the type of domain
knowledge to be represented and the software development methodology
being used. Examples include: object-oriented models [Ward and Williams,
1990], formal (i.e., mathematical) descriptions [Garlan and Delisle, 1990], and
Al knowledge representations [Fischer, et al., 1991].

3.3 Development and Validation of Reusable Components

Once a domain model has been constructed, it is possible to identify abstractions that
are common to several of the systems in the family. These abstractions then provide a
basis for designing reusable components.

These components must then be validated. Components are validated through use. An
application is constructed to determine whether the components are as reusable as
anticipated. It is not unusual to redesign components several times before an optimum
set has been obtained. Experience with object-oriented systems indicates that it can take
as many as three iterations to get the “right” design [Love, 1993].

4 Domain Separation

Any completed application inevitably includes components from more than one
domain. While any usable banking application requires a user interface, for example,
that component is not an intrinsic part of the domain of banking. A user interface is
required for any interactive application. Similarly, an aircraft flight management
system requires interfaces for devices such as radar altimeters or gyro compasses.
These device interfaces represent ways of obtaining needed data but are not, in
themselves, part of the domain of aircraft flight management. The data might, for
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example, be obtained from other devices or via a user interface. This observation leads
us to recognize the existence of multiple domains and the relationships among them.

Arango first identified the existence of domain networks [Arango, 1988]. A domain
network organizes different domains into a network in which some domains are
subsidiary to others. The network indicates that concepts from one domain are
implemented using those from another, subsidiary domain. This division into
subsidiary domains continues until all of the concepts needed to implement the
application domain concepts are described in terms of “implementable domains.”

Ward and Williams described an approach that is similar to domain networks [Ward
and Williams, 1990] [Williams, 1991]. This approach recognizes that an application
includes components from several different domains. Some of the components are
application-specific; they belong to the primary or dominant domain. Others are
application-independent; they belong to supporting domains. Supporting domains can be
valid application domains in their own right. The distinction is that they can also be
used in constructing systems from several different dominant domains. As with
domain networks, these components form an hierarchy in which components from
higher domains can be implemented using components from lower ones.

The top of the hierarchy is the dominant domain. Those domains that directly support
the construction of components from the dominant domain are at the next level and so
on. The relationship between the domains is a “uses” relationship. The “uses”
relationship in an inter-domain relationship; it relates a component in one domain to its
realization in another. The meaning of this relationship is the same as the “uses”
relationship described by Parnas [Parnas, 1979]: domain A “uses” domain B if the
correct operation of a component from A requires one or more (also) correct
components from B. The “uses” relationship defines a partial ordering on the domains.

-31-




Technical Contribution Seamail Vol.9, No.8-9-10 Te

Process . .
Control Robotics Avionics

User
Interface

- The:
Acquisition and
Abstract sepa
Data one.

Types
5 D

Figure 2. Horizontal and Vertical Domains

Mos
. ; : - : - o . com
Figure 1 illustrates a domain network. Here, the “air traffic control” application domain -
i : 7 5 ; : . . ’ PEo
is implemented in terms of the “radar” domain. Air traffic control is the dominant il
domain and radar is a supporting domain. The radar domain is, in turn, supported by spec
the “finite-state automata” domain. Finally, the “finite-state automata” domain is SOt
implemented in terms of the Ada execution domain. These lower domains are all at th
supporting domains. ords
leve

Domains may also be classified into horizontal and vertical domains [McDonnell
Douglas Missile Systems Company, 1990]. Horizontal domains are application- Des
independent groupings of components. The domain of user interfaces is a horizontal

situ

one. Window-based user interfaces, for example, span application domains from -

banking applications to real-time systems. Vertical domains are application-dependent they

groupings of components. Vertical domains correspond to the problem domain of the for :
primary application. Examples include: banking, industrial process control, and

robotics. A vertical domain represents a product line or, at least, a family of closely Ina

related applications. Figure 2 illustrates horizontal and vertical domains. o

ot

Shlaer and Mellor [Shlaer and Mellor, 1990] describe four types of horizontal domains: ng'

dor

* Application: The application domain is the domain that includes the primary dek

problem at hand. -

mal

* Service: Service domains provide general capabilities needed throughout the fron

application. Examples of service domains include the user interface and
Per
* Architecture: The architecture domain provides support for the organization of fra

data and control. It provides a higher level of “virtual machine” than a M\
programming language or operating system. As described by Shlaer and

Mellor, an architecture domain appears to be a combination of a computational

model (e.g., object-message, finite-state machines) and basic services (e.g.,

external device interfaces, error checking).
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* Implementation: The implementation domain is defined by the operating system
and programming language used to implement the application.

These domains form an hierarchy of abstraction with the application domain at the top
and the implementation domain at the bottom. As with other approaches to domain
separation, design proceeds by mapping entities in a higher domain to those in a lower
one.

5 Domain-Specific Architectures

Most software developers think of reuse in terms of code-level components, such as
common procedures, functions, and subroutines that are shared within an application
program or even across applications. Although reuse of code-level components can be
valuable, reuse of products at higher levels of abstraction (such as designs or
specifications) can be even more valuable. This is because a code-level component is a
concrete realization of a particular abstraction for a given target environment. Arriving
at that realization requires a number of decisions that must typically be changed in
order to reuse the abstraction in a new context. Thus, the potential for reuse of code-
level components across a wide range of applications is limited.

Designs are at a higher level of abstraction and thus, potentially reusable in more
situations. Reusable designs are based on domain-specific architectures. A software
architecture describes the components that make up the system and the ways in which
they interact. A domain-specific architecture describes the components and interactions
for a family of related systems within a given application domain.

In an object-oriented design, a domain-specific architecture is known as a framework. A
framework is a collection of classes which interact in a particular way [Deutsch, 1989]
[Johnson and Foote, 1988]. The classes that make up the framework may be concrete or
abstract. A concrete class directly implements some abstraction from the application
domain. An abstract class provides a partial specification and implementation but
defers some decisions to its subclasses. Individual applications are implemented by

§ creating concrete subclasses for any abstract classes. The use of abstract classes thus
makes it possible to specify common properties and constraints across all applications
from the domain and also allows for variation among individual applications.

Perhaps the best known framework is Smalltalk’s model-view-controller (MVC)
framework. This framework is specific to the domain of interactive applications. The
MVC framework consists of three components:

e The model, which stores the data and performs the behaviors of the underlying
application.
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e The view, which determines how various aspects of the model are to be
presented to the user in visual form.

* The controller, which interprets user initiated events (such as keystrokes or
mouse actions), sends appropriate messages to the model, and provides
communication between the model and its view.

As shown in Figure 3, a domain-specific architecture defines the common components
and interactions that are to be used in implementing a set of applications within the
domain. The architecture also constrains the types of new applications that can be
considered. Any new system must fit into the structure defined by the architecture if it
is to be cost effective [Garlan, 1994].

6 Domain-Specific Software Environments

The availability of reusable components and a domain-specific architecture suggests the
possibility of constructing a domain-specific software environment. A domain-specific
environment would provide support especially geared toward developing applications
within a particular problem domain. Such an environment would provide a repository
for reusable components together with support for locating, comprehending, and
modifying those components to produce finished applications. Tools within the
environment would be focused on composing applications from reusable components
and creating new specialized components within that application domain. Figure 4
illustrates the concept of a domain-specific software environment.
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It may also be possible to use knowledge about the domain to provide even higher
levels of support. Gerhard Fischer and his research group at the University of Colorado
have constructed several prototype domain-specific design environments. These
prototype environments embed knowledge about the target domain. This knowledge is
used to provide feedback to designers on the quality of their designs. For example, the
JANUS environment [Fischer, et al., 1991] contains knowledge about design principles
for kitchens that are based on building codes, safety standards, and functional
preferences. When a design principle is violated, the environment identifies the
problem for possible user action. While this work has, to date, not been applied to
designing software artifacts, the potential for doing so is clear.

Figure 4 also suggests a software process model to complement a domain-specific
software environment. In this model, a domain engineer uses application domain
knowledge to create a domain-specific architecture and reusable components. These
components would be used to populate a domain specific software environment. This
environment would then be used by an application engineer to create individual
applications to meet user requirements. There is also a feedback loop in the model. As
applications are developed, experience will lead to the introduction of new reusable
components and modification of existing ones to make them more useful. This will, in
turn, lead to modification of the domain-specific architecture.

The model also suggests two distinct roles for developers: domain engineer and
application engineer. A domain engineer designs the domain-specific architecture and
creates reusable components. The individual(s) who are assigned to this role are
responsible for developing the domain model, identifying and constructing reusable
components, soliciting potentially reusable components from application engineers, and
assisting the application engineer in reusing those components. A domain engineer
‘ should be familiar with the application domain or able to work closely and productively
with domain experts. He or she should also be familiar with reuse technology. Perhaps
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the most important characteristic of a domain engineer, however, the ability to think ‘
abstractly. Much of the work involved in creating reusable components and a \
supporting architecture is aimed at creating general, reusable abstractions from specific

instances. ‘

|
An application engineer creates end-user applications from components in the domain- lf B s
specific environment. This individual is responsible for developing individual | Th
applications, adapting and modifying reusable components, and proposing new, ba
potentially reusable components to the domain engineer. An application engineer ‘
should be familiar with the applications to be developed and able to work closely with 521
customers or users to understand their requirements. An application engineer should dis
also be able to work at a concrete level and have a proven ability to deliver a product. .
7 Evaluating a Domain Do
by
Domain analysis can be performed for any application domain. In some cases, ad
however, the return may not justify the investment of time and effort. The goal of mtu
domain analysis is to discover and exploit commonalty among applications within a of
domain. If there is not sufficient commonalty among the applications or the number of on
potential applications is too small, then a domain analysis may not be justified. car
Ab

When evaluating a domain to determine its suitability for domain analysis, it is

necessary to consider a number of different factors. These include: In
hel
e breadth: Is the set of potential applications that define the domain large do:
enough? For systems that are truly unique or “one off” there is not sufficient cor
payoff in terms of reusability or economies of scope to justify a domain eny

analysis. Similarly domains that have only a few applications may also not be
good candidates for domain analysis.

e commonalty: Do the various applications in the domain have sufficient
commonalty? Even if there is a large number of potential applications within
the domain, these applications must share a substantial set of objects and
operations. If not, a domain analysis may not be economical.

e maturity: Is the domain mature? In immature domains, such as those
encountered in research applications, the solutions to problems are not yet
well-understood. As a result, it is difficult to identify the appropriate
abstractions for constructing a domain model. In addition, objects and
operations are likely to change rapidly as the domain matures.

e stability: Is the domain stable, or is the set of applications likely to change? The
set of potential applications both defines the domain and forms the basis for the
domain model. If this set is not stable, the model is likely to undergo change as
the definition of the domain evolves.
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* theoretical foundation: Is there a solid theoretical foundation for solving
problems within the domain? The presence of a solid theoretical foundation

8 Summary

This paper has discussed several aspects of domain engineering. This approach is
based on capturing knowledge about a set of related applications from within a
particular prcblem domain. This knowledge is then used to exploit the commonalty
among those applications to enhance reuse of software components. We have also
discussed related topics such as domain separation, domain-specific architectures, and
domain-specific software environments.

Domain analysis is currently a labor-intensive activity. The relevant information is held
by “domain experts” who may not be skilled in constructing the necessary models. In
addition, as we have noted, much of the necessary information is implicitly held and
must be made explicit as part of the domain analysis process. Currently, identification
of the relevant abstractions from within a given domain is a process that relies heavily
on human intelligence. There are, however, indications that some aspects of the process
can be automated. Goldin and Berry [Goldin and Berry, 1994] have described
AbstFinder, a tool for finding abstractions in natural language text.

In addition, the construction and use of domain-specific software environments can
help to ease some of the work associated with a domain-oriented approach. Although a
domain-specific environment such as that envisioned in this article has not yet been
constructed, the technology is available. The construction and evaluation of such an
environment is a topic for future research.
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732y FT—2 ENBoTwiE ), brobTEBE
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RABTEDFEEIRILoTWABBEIEL, Thi R
BLTIEZLZVWEWVSH T L TF. Cruiser iZ, &9 L=
BRIZH EDOWTHEIN-DOTT.

3.4 ClearBoard

ClearBoard i%, NTT AIZeHT DA 4 & ADSTRIEMFZE S h
EADTTRS, SHELOFIEVERVET. fHHICw
2L, FOEEANLTATTIX, EFHZ2F - F2RICIXS
ATRAPWEY, R— FICHE L2 5R8ET 5L, HE
HBPETHLE V) BDTY. CSCW & LTORFETT D
T, HHAOERCHFRFOEIBLIESh, 2O LTD
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BTEPIA TENRTWET.

TR, 2, EHLA— FE2IXE A THE-NFE 21T
Yk, HEEESETIANTLLEIP? AHIADE
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5E0n) 0Ty, AR, EEHLOREENFHEFOR
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7.
3.5 Information Lens

Rid, BEITEMTT 25, KEEAWTRIZLZ>TWS
V= OBITT. —ETVRIE, FIHoEF A VE
HEINICOBEEE L T By —VTY. AL IVOREH,
7= & 2% From, subject, topic 2 EDHAEICL Y, HANIC
A7) TP THRELTBW @D IC, 7EEALZD, B
BELTLAEV)IBDOTY. A7) 7hOBIIRUTOL
I REMRDDTY.

IF

Subject: LENS
Topic:BUGS

THEN

Move to:LENS-BUGS

OB BRELZIEZTT, AREAIE, TOTAT
THRXODTHMZLDZEE W) T ENBLHIY WZET
BERVWET, LAL, HROIXFRHIUEED2DITHE
FIRISLDDDOTY., #F#MICOWT, TTTBHFELTA
REKRHEIZ VDT, BEXEE 1 oBHLELTHE
G

The Information Lens: An intelligent system for information
sharing and coordination (Malone et al., Technological Sup-
port for Work Group Collaboration, pp65-88, edited by
M.H.Olson, 1989, Hillsdale, NJ: Lawrence Erlbaum)
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CDVATF AL, EEA ) -V, ETL TV Fo 2o
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3.7 GROVE (The GRoup Outline Viewing Editor)
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WYSIWIS (What You See Is What I See) > —)v o 1 6T
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2R ) BRE2IB TELOTRRVIEWVIRHEEEE
Bt B0 TL.

VAT ADRECHIzoTHo L BEREN-DIE, F
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£3F,

GROVE DRHAEBRDH L T, A7V —T7i%, ET

BEHADOHP A5 A4 FRERLE L. X514 FIERD
DI, PRSI, 5 FFary MREVATFARFE
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TW—=TDAVIN=iF, Wb 774 VEet—TL72D,
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4.1.1 WYSIWIS

TW—T A28 72— AEEDDD 1 D2OT 7O —F
1T, WYSIWIS (What You See Is What I See) 7% 1) $3.
ZDEVTRTEBD, TRTOSNMECFA LD NEREES
CET, aVFFAMNOEERZRIELEL ) ETHHDTY.
B/ I 7F X b (Shared Context) & i3, HHADI—FIC
L THRIEFITHRIEERTWEF TV hOESF L,
EHETEXEY, *EFB I AT LATHRENSELZ-oTVS
F¥axy bR, BEFHEEICBIT HREERE EH5F 0H)
TF. WYSIWIS i, 72l a vy 7 F X FDFITIT
RV L, BAMLS HEBMEE 2 0T, g0
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WYISWIS revised: Early experiences with multiuser inter-
faces. ACM Trans. off. Inf. Syst. 5,2 Apr. 1987, 147-186) %
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i, RD4DODHET, WYSIWIS 2W BT B LA
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FRiL, FRZM (WYISWIS 2758 & T 5 RRat
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class 407

instance variables

A: seqof N7 kv,
fL&: X7 b,

invar-Z11: len 32 = 4;

invar-142: B(1)+38(2)+8(3)+L(4) =0;
invar-342’: simpleZ;

invar-22": Vi: inds 22 - 3ZA3) =0;

methodlist
BEIx:XZ b IV) ext wr fLiE;
pre: true;
post++: ({8 = L& +x;
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Call for Participation

IWSED-95

International Workshop on Software Engineering Data
Utilization of Defect and Cost Data in Process and Risk Management

October 9-11, 1995
University of Maryland, College Park, Maryland, U.S.A.

The theme of the IWSED-95 is the Utilization of Defect and Cost Data in Process and Risk Management. The past workshops
have emphasized the identification and use of software engineering data for quality control and project management. As
opposed to using software engineering data for the management of individual projects, the IWSED-95 focuses on how product
and process data can be used to improve the process itself, i.e., the way future projects will be carried out.

The main goal of the workshop is to involve all participants in discussions and active interchange of experiences in using
defect, cost and risk data to improve the software process. Specific topics to be addressed are the following:

— How the data about the process and products can be used to identify and initiate required changes in the process.

— What is the impact of process variance on the reliability of data collected from individual projects and how to deal with
such variance.

— How to use defect and cost data in process risk management.

— How to compare data between different organizations and whether maturity models can be used to help in this task.

Preparation for the Workshop

In order to facilitate in-depth discussions during the workshop, all participants will be required to fill out a questionnaire in
advance about their software engineering data. This questionnaire includes questions about the participant’s software develop-
ment organization, its objectives for data collection, what kinds of data have been collected, and how data is used. All informa-
tion collected through questionnaires will remain confidential. However, based on the returned questionnaires, some partici-
pants may be contacted to inquire whether they are willing to give presentations during the workshop.

This preparatory work will allow all participants to relate better to each others’ situations and data during the workshop.

The first day of the workshop is dedicated to presentations by participants. We expect to have a two presentations on each topic
area. The topic areas will be selected based on the questionnaire feedback but we expect them to similar to the areas listed below:

— setting up a measurement program — process definitions and measurement
— costdata — defect data
— risk management — experiment design

The second day of the workshop is spent on working groups that address the issues presented and discussed during the first day.
The results of this work will be presented in the moming of the third day. The workshop concludes in a tutorial on Quality
Improvement Paradigm and the Experience Factory. This tutorial is shared by the participants of the meeting for the International
Software Engineering Research Network (ISERN).

Registration

The workshop attendance is limited to 40 participants. Anyone interested in participating should contact the workshop
organizers to obtain a copy of the workshop questionnaire and further details about the workshop.

The cost of participation to the workshop is $300 per participant, which includes workshop materials and meals,
including two dinners.

Important Deadlines for the workshop are as follows:

August 11, 1995 Deadline for returning the IWSED-95 participant questionnaire.
August 31, 1995 Deadline for workshop registration.

Registration after this date may be accepted, subject to availability.
August 31, 1995 Potential presenters of experience reports will be contacted.

September 11, 1995  Final program will be released.
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Location
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The workshop will be held at the Inn and Conference Center at the University of Maryland, College Park, Maryland. Accommoda-
tion is available at conference site and at a nearby hotel at the rate of $62-$69 per person per night. A quota of 20 hotel rooms
have been reserved for IWSED-95 participants. Participants are recommended to use the bottom half of the attached registration
form to make their hotel reservations at this hotel (Tel: 301-985-7303, Fax: 301-985-7445). An alternative hotel acts as an
overflow accommodation site: Holiday Inn - College Park, 10000 Baltimore Blvd, College Park, MD 20740, Tel: 301-345-

6700, Fax: 301-441- 4923.

Program Chairs
Victor R. Basili(University of Maryland)
Koji Torii(Nara Institute of Science and Technology)

Program Committee:

H. Guether(Allianz-Lebensversicherung)
Baerbel Hoerger(Daimler-Benz AG)

Tony Jordano(SAIC)

Kari Kansala(Nokia Research Center)

John Marciniak(Kaman Sciences Corporation)

Yasuhiro Mashiko(Matsushita Communication Industrial Co. Ltd.)
Kenichi Matsumoto(Nara Institute of Science and Technology)

Takamasa Nara(Hitachi, Ltd.)

Domenico Natale(SOGEI)

H. Dieter Rombach(University of Kaiserslautern)
Keishi Sakamoto(OMRON Corporation)

Richard Stenglein(Motorola)

Helmut Woda(Robert Bosch Gmbh)

Mary Zajac(AT&T Laboratories)

Contact and Further Information

Further and updated information about IWSED-95 is available from the following sources:

Jyrki Kontio, IWSED-95 FTP site for questionnaires and
Organizing Chair other information:

University of Maryland ftp.cs.umd.edu

Computer Science Department directory: pub/sel/iwsed95

A.V. Williams Building

College Park, MD 20742, WWW home page:

U.S.A. http://www.cs.umd.edu/events/iwsed95/

Phone: 301-405-2743
Fax: 301-405-6707
Email: jkontio@cs.umd.edu

BARAD 7O Y5 AFBEDHEEEZRDOEB) T, BREIBEVWEADELZE N,

nE fg—

I BSem B E R R EFE R
Tel:07437-2-5311

Fax:07437-2-5219
Email:matumoto@tsugumi.ics.es.osaka-u.ac.jp

=B KIE

HASH BYEMER F8RY AT ARRBAR
Tel:044-549-1111

Fax:044-549-1212
Email:t-nara@system.hitachi.co.jp

BT FA

BT EE TEAESH
Tel:045-544-3386
Fax:045-544-3385
Email:mashiko@isd.mci.mei.co.jp

BA

F o0 vt

Tel:0775-65-5048

Fax:0775-65-5579
Email:sakamoto@eftses.krc.omron.co.jp
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