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Software Technology
for
the Coming Indterdisciplinary World

Les A. Belady
(Mitsubishi Electric Research Laboratory)
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PRaCoSy Project
An Example of UNU/IIST Training and Joint R&D
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Beyond Object-Oriented
— Software Methods in the 21st Century —
Lloyd G. Williams
(Software Engineering Research)
1. Introduction enhanced reusability of software components through

As the use of computers becomes more pervasive in
business, industry, and every day life in the twenty-first
century, issues of software quality and productivity will
become even more significant than they are today.
Software systems of the twenty- first century will also be
considerably larger and more complex than those pro-
duced now. Meeting the demands of software develop-
ment in the future will require software methods that are
qualitatively different from those currently in use.

Object-oriented development has proven useful as a
programming technology and several methods for
object-oriented analysis and design have appeared.
Object-oriented techniques, however, provide only a par-
tial solution to the problems of software quality and pro-
ductivity. To adequately address these problems, future
software methods will have to go beyond current object-
oriented techniques.

Our view is that object-oriented development is an
"enabling technology." Object-oriented techniques are
necessary for addressing these problems but they are not
sufficient. This paper discusses the use of domain
engineering and formal methods to augment object-
oriented development. The use of these techniques will
make it possible to take advantage of the benefits of
object- oriented development while overcoming the limi-
tations.

2. Object-Oriented Development

Object-oriented development has contributed to our
ability to design and implement software systems in
several ways. One significant contribution has been to
reduce the conceptual distance between the way that a
problem is framed and the way that it is solved. With
object-oriented development, software structures directly
model problem domain concepts, resulting in systems
whose structures more nearly correspond to those of the
problem domain. Another important contribution is

encapsulation and inheritance.
2.1. Limitations of Object-Oriented Development

While object-oriented techniques have proven useful
on smaller projects, they have not always been as suc-
cessful when applied to larger systems. Part of the prob-
lem is that object-oriented development does not, in
itself, provide a sufficiently powerful set of abstractions.
Another aspect of the problem is the informality of

current object-oriented methods.
2.1.1. Higher-Level Abstractions

Constructing complex software systems from indivi-
dual classes and objects is similar to trying to write a
non-trivial program in assembly language — the tools
are simply not powerful enough. High-level languages
provide a higher and more powerful level of abstraction
than assembly language. Similarly, higher-level abstrac-
tions are necessary in order to apply object-oriented
techniques to large, complex systems.

The need for higher-level abstractions is especially
apparent when trying to construct systems from reusable
components. Two different problems arise here. The
first is the size of the component to be reused. The
second is a trade-off between generality and power.

The reuse of small components (i.e., individual
classes) does not provide significant productivity
enhancements. The effort required to locate,
comprehend, and modify a component to reuse it may
not be much less than that required to develop it.

There is also a trade-off between power and generality
in reuse [Biggerstaff and Richter, 1987] . Components
that are very general may be reusable in many different
applications, but they do not provide enough power to
make their (re)use worthwhile. Abstract data types are
very general, but reusing them does not provide substan-

tial leverage. Larger components (such as frameworks)
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are domain-specific and, therefore, less general. Reusing

them, however, provides large gains in productivity.
2.1.2. Informality

Object-oriented analysis and design methods are based
on construction of models of the system under develop-
ment. These models are based on intuitive abstractions
and convenient, easy to understand graphical notations.
Unfortunately, these notations are almost always infor-
mally defined.

This lack of precision means that the models con-
structed using these object-oriented techniques cannot be
effectively analyzed. It is only possible, at best, to per-
form limited syntactic analysis of specification or design
models.

niques, it is not possible to determine whether a model is

With current object- orient modeling tech-

complete and consistent, exhibits the correct behavior, or
is free from deadlock.

2.2. Beyond Object-Oriented Development

The above observations argue for an approach that
goes beyond object-oriented development as it is
currently defined and used. This approach should focus
on the abstractions that are relevant to a particular appli-
cation domain and emphasize rigorous definition of
object-oriented models.

3. Domain Analysis

Systems analysis has traditionally focused on indivi-
dual systems in isolation. each new problem has
spawned its own project in which the cycle of analysis,
specification, design, and implementation is repeated.
This type of approach focuses on the differences
between individual systems from a given problem area
or application domain and ignores the commonalty that
exists among them. It also ignores the potential for
reuse of software products across different applications

from within the domain.

Here, the term domain refers to a particular problem
area, such as data management or spacecraft navigation.
A domain is characterized both by its subject matter, or
content, and by the types of problems that are addressed
within that subject matter. The domains of airline flight
reservations and air traffic control, for example, address
similar subject matter (e.g., aircraft and flights) but
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consider very different kinds of problems (e.g., seat
reservations versus movement of aircraft through an air-
space).
ment, a domain is defined by a collection of (actual and

From the point of view of software develop-

potential) software products that share common charac-
teristics and address a common set of problems.

A domain analysis therefore, is an investigation of a
particular problem area or application domain whose
purpose is to discover and exploit the common charac-
teristics of a family of related applications within that
domain. Domain analysis addresses two significant
problems of today’s software methods: the "thin spread

of application domain knowledge," and software reuse.

3.1. 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 prob-
lems facing today’s software development organizations.
They noted that accurate problem domain knowledge is
This knowledge,
however, is difficult to obtain. The problem is com-

critical to the success of a project.

pounded by the fact that what domain knowledge does
exist is spread thinly and unevenly across project person-
nel. In the twenty-first century, problem domain
knowledge will be even more critical to the success of

projects and more difficult to obtain.

Domain analysis addressed this problem by focusing
on domains rather than individual applications. Domain
models capture domain knowledge that is then available
to all members of a project. This knowledge can also be
used in training new project members.

3.2. Software Reuse

Domain analysis also makes it possible to identify
components that are reusable across a family of similar,
or related, applications. Domain analysis also makes it
possible to identify a domain- specific architecture for
the domain. The domain-specific architecture captures
knowledge about the interconnection between classes
within the application domain.

Frameworks [Deutsch, 1983] , [Johnson and Foote,
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1988] , a well- known concept from object-oriented pro-
gramming, represent domain- specific architectures. A
framework may contain both abstract and concrete
classes. The concrete subclasses of an abstract class
capture knowledge about variations among different sys-
tems within the domain. In some cases, the framework
can serve as the basis for a domain-specific software
environment that makes it possible for users to design
their own systems by selecting from among the possible
concrete subclasses of the abstract classes that make up
the framework.

3.3. Current Research

Our current research is aimed at developing methods
for defining domain-specific architectures and incor-
porating them into domain- specific design environ-
ments. We are focusing on domain separation [Ward
and Williams, 1990a] , [Ward and Williams, 1990b] .
Domain separation makes use of the observation that any
completed application contains components from several
different domains. Some components will belong to the
primary, or dominant, domain. Others will be from
subordinate, or supporting, domains. Domain separation
provides a means of simplifying domain models and
enhancing reuse. Our work is concerned with formaliz-
ing the relationships between domains and between
components from different domains. A preliminary
view of this work is presented in [Williams, 1991] .

4. Formal Methods

The use of mathematically formal software develop-
ment methods can help to eliminate design errors in
software products. The elimination of such errors is
essential to improving quality and productivity in the
software industry. It is also essential to maintaining
safety in software-based systems that are used in critical
applications such as avionics or the nuclear power indus-

try.
4.1. Limitations of Formal Methods

While formal methods have the potential for dramati-
cally improving the quality of software, they have not
been widely accepted within the software industry.
Some of the most significant reasons for this have to do
with the difficulty of using formal methods for develop-
ing large complex systems. These include:
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Difficulties experienced by both developers and

application domain experts in understanding and
using formal notations. Even developers who are
experienced with such notations can have difficulty
in using them properly [Leveson, et al., 1992] .

The lack of "methods" (i.e., particular sequences of
actions or tasks to be performed) for problem
analysis and specification development.

The lack of adequate support for structuring large,
complex, formal specifications to aid in their under-
standing.

Difficulty in achieving an appropriate level of
abstraction when constructing formal models
[Hayes, 1985] .

These problems are especially significant in develop-
ing large, complex software systems where understand-
ing the problem and validating the specification are criti-
cal issues. The use of formal methods in conjunction
with object-oriented development offers a significant
opportunity for overcoming these problems.

4.2. Current Research

Our work is aimed at integrating formal methods and
object- oriented development. Formal methods can
serve as a basis for constructing rigorous, analyzable
models of software systems and verifying their
refinement into code. Object-oriented development can
assist in producing models that are well-structured and
easy to understand. Using object-oriented methods as an
interface to formal methods can also help to overcome

problems with the useability of formal methods.

The integration of formal methods and object-oriented
development can also help to improve the definition and
use of object-oriented methods. As noted above, current
object-oriented methods employ intuitive concepts and
informal notations whose semantics are poorly defined.
Formal definition of these concepts and notations will
help to make object-oriented models more rigorous and
enable the construction of automated tools.to analyze
object-oriented specifications and designs.

The use of formal methods with object-oriented
development must, however, be approached with care.
Much of the attraction of object-oriented techniques is
due to their use of familiar, intuitive abstractions and
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Our
approach is to use formal techniques to define and refine

straightforward, congenial graphical notations.

the abstractions used to construct object-oriented
models. These abstractions are then mapped to a con-
venient set of graphical notations drawn, where possible,
from those used by existing object-oriented methods.

We have completed work on definition of inheritance
of behaviors
[Williams, 1992] . We have also completed a prelim-
inary formal definition of static object-oriented models
using an extended version of Rumbaugh’s notation
[Rumbaugh, et al., 1991] and constructs from Z [Willi-
ams, 1993] . Current work is aimed at providing a for-
mal definition of communicating finite-state machines
that is compatible with object-oriented concepts and
adding real-time capabilities to object-oriented methods.

5. Conclusions

Coping with the increased size and complexity of
future software systems will require software methods
that go beyond those currently available. While object-
oriented development has contributed substantially to
improving software quality and productivity, object-
oriented techniques, as currently defined, are inadequate
for large, complex systems. This paper has discussed
the use of domain analysis and formal methods to aug-
ment object-oriented technology. Domain analysis
addresses the problem of capturing and representing
application domain knowledge as well as the problem of
reuse. Formal methods address the lack of rigor in
current object-oriented methods and help to produce
analyzable models.
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Functional Requirements
for Future CASE Environments

Kumiyo Nakakoji
(SRA, Boulder & University of Colorado)

1. Introduction

As "downsizing" of computer systems (i.e., transition
from centralized main-frame computer systems to distri-
buted workstation-based systems) has been widely
recognized [Shimoda 92], demands for small-scale task-
In this
position paper, I claim that CASE tools for such

oriented software development will increase.

software development must provide a communication
medium among system developers and end-users with an
emphasis on conceptual coordination rather than on phy-
sical coordination. We are interested in creating a
shared understanding among stakeholders that allows
both clients and software developers to contribute their
respective knowledge to the task. The CASE architec-
ture that I propose in this paper integrates: (1) tools and
technologies that allow end-users to store and access
informal information about their tasks in the domain and
about a system to be developed, (2) tools and technolo-
gies that allow system developers to develop the new
system that supports the users’ tasks, and (3) tools and
technologies that allow the stakeholders to assess and

evaluate the partially developed software artifact.
2. Problems

Traditional CASE approaches pay little attention to
conceptual coordination among stakeholders. Existing
CASE tools only support system developers to develop a
new system according to the system requirements that
are assumed to contain complete requirements of end-
users. However, empirical evidence has shown that it is
impossible to have complete specifications because
requirements fluctuate over time and conflict with each
other [Curtis, Krasner, Iscoe 88]. In producing custom-
ized task-oriented software development, asking end-
users to produce a complete specification is not feasible
because of (1) communication breakdowns between

end-users and software developers [Greenbaum, Kyng
91; Fischer, Nakakoji, Ostwald 93], and (2) the ill-
defined and open-ended nature of software design

[Fischer et al. 92].
account that software development is a design task,

Current tools do not take into

which requires collaboration among different stakehold-
ers [Fischer, Nakakoji, Ostwald 93], and is inherently
ill-structured and open-ended [Nakakoji 93]. The
current approaches are object-centered, because their
methods and tools are organized in terms of software
objects to be developed, and not human-centered.

2.1. Communication Breakdowns between End-Users
and Software Developers

System requirements originate from end-users, who
are not familiar with available computational resources
and terms used in describing available options to imple-
ment a system. Software developers, who have to bridge
the great transformation distance between a generic pro-
gramming language substrate and high-level abstract
domain concepts, are expected to understand the
domain, which is at best described by end-users using
their specialized domain language.

Initially, there is a symmetry of ignorance between
software developers and end-users, in which 1) the
understanding required to solve the design problem is
distributed, and 2) there is no common language that
allows the stakeholders to communicate their under-
standing to each other [Greenbaum, Kyng 91]. Thus, not
only the problem of the thin spread of application
domain knowledge among software developers [Curtis,
Krasner, Iscoe 88] but also the problem of little under-
standing about computer technology among end-users
[Ehn 88] cause communication breakdowns between
end-users and software developers.

Traditional CASE approaches require software
developers to be able to understand tasks of end-users
represented in a situation model and to map them into a
system model that a computer system can manipulate
[Fischer, Henninger, Redmiles 91]. My claim is that
future CASE tools must also be used to allow end-users
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to learn about available options with regard to computer
technologies. This mutual education processes enable
the construction of a shared "language of doing" that
allows end-users and software developers to collabora-
tively build the knowledge required to solve the design

problem [Fischer, Nakakoji, Ostwald 93].

2.2. Nl-Defined and Open-Ended Nature of Software
Design

Software development is a type of design problem.
Theoretical foundations provide ample evidence that
design problems are ill-defined where one cannot specify
a design problem completely before starting to solve it
[Rittel 84; Simon 81]. Understanding what the problem
is plays a major part in design activities. Starting with a
vague and incomplete problem requirement, designers
sketch out a partial solution. By seeing the partial solu-
tion, designers identify portions of the problem that have
not yet been understood, gain an understanding of the
problem, and then refine the solution [Snodgrass, Coyne
90].
problem gradually emerges. This process characterizes

By iterating this process, understanding of the
design as a reflective conversation [Schoen 83] with the
materials of design construction.

in that the
knowledge necessary for a design can never be com-

Design problems are open-ended
pletely articulated a priori. It is neither possible to iden-
tify all the relevant knowledge for the design nor to for-
malize it for generating a design that fits to varieties of
changing needs of design tasks. It is neither possible for
end-users to articulate all the relevant information about
the domain nor for software developers to articulate all
the relevant information about available computational
technologies because some knowledge always remains
tacit. People know more than they can tell [Polanyi 66],
and they tend to give inaccurate descriptions of what
they know, and they tend to be unaware of what they
know [Schoen 92].

3. Limitations of Current CASE Approaches

Because of the aforementioned problems, "design
disasters" occur, in which the implementation is correct
with respect to a specification that is wrong. Although
the model still
widespread, mainly due to managerial concerns, there

waterfall-type  development is

has been a shift of emphasis from "downstream"
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activities (transformation of formal specifications into
implementations) to "upstream" activities (development
of specifications in order to decide precisely what to
build) [Belady 85]. Future CASE must integrate both
upstream and downstream activities by developing
shared understanding for all stakeholders in software
development [Fischer et al. 92].

Existing CASE approaches rely on the model based on
written documents, formalized languages and proto-
types, all of which are produced by software developers.
For identifying system requirements, software develop-
ers have to analyze the task domain, and produce expli-
citly stated system requirement specifications. Since it is
impossible for end-users to articulate all the relevant
knowledge about their problem in the first place [Polanyi
66], and it is impossible for"‘si;ftware developers to com-
pletely articulate all/of their understanding about the
problem using symbol systems [Winograd, Flores 86],
such specifications can never be complete.

Thus, such CASE tools at best support communication
as one way feedback from system developers to end-
users. As discussed above, software development is an
ill-defined design problem, where one needs to coevolve
both problem specification (i.e., system requirements)
and solution construction (i.e., final products). A par-
tially constructed solution developed in a CASE
environment may trigger end-users to reframe their ideas
about what the new system should be, but the current
approaches do not allow them to change the require-
ments, or even if they do, the modifications are not
recorded within the CASE environment. Most impor-
tantly, such system requirements in end-users’ mind are
typically informal and vague, while the existing CASE
tools often requires the system requirement specification
to be explicitly and formally stated with a full commit-
ment.

4. Approach

In their article, Kensing and Munk-Madsen [1993]
suggest to model software development processes in
terms not only of work products (i.e., documents, design
and code), but also of the "knowledge" developed as
results by the people involved. They suggest to model
the knowledge in two dimensions. One is in terms of
three categories about tools, technologies and results,
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Table 1: Functional Requirements for Future CASE Environments

Domain Design Implementation
Informal Descriptions of | Design Prototype
Representations | Users’ Task Rationale Systems
Formal Domain Design Final
Representations | Model Description | Systems

consisting of (1) users’ present work, (2) technological
options, and (3) a new system. The other is in terms of
levels of abstraction and specificity, such as (a) abstract
knowledge and (b) concrete experience.

Based on the model, I propose functional requirements
for a future CASE environment that include six types of
representations necessary in software development, con-
sisting of domain, design, and implementation, both for-
mally and informally stated (see Table 1).

Thus, future CASE environments must support and
integrate all of the six representations so that system
developers and end-users can freely explore the
representations relevant to their task at hand. Tech-
niques and tools have been explored and are available
that support each of these aspects but they have not been
fully integrated as a CASE environment. Existing
CASE environments support formal representations and
prototypes, while existing design rationale recording
systems such as gIBIS [Conklin, Begeman 88], SIBYL
[Lee 90], and DesignRationale [MacLean, Young,
Moran 89] are isolated from those CASE tools. Informal
techniques to understand users’ task domain, such as
observations and interviewing users, have been found
effective [Ehn 88; Greenbaum, Kyng 91], but no system
support is provided as a tool in a CASE environment.

In a CASE environment that fulfills these require-
ments, end-users have access to informal representations
such as informally stated users’ task domain, design
rationale, and prototype systems. End-users may actu-
ally input informal representation of the domain for
themselves. Software developers map informally stated
tasks into a domain model using techniques such as the
object-oriented analyses technique [Prieto-Diaz, Arango
91], produce design document using various object-
oriented design techniques and notations [Meyer 88;
Booch 91; Monarchi, Puhr 92; Korson, McGregor 901,
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and implement the system [Stefik, Bobrow 86]. While
designing, system developers may record design
rationale [Lee 90; Conklin, Begeman 88], which is
accessible by end-users, and partially constructed pro-
grams can be used as prototypes [Boehm, Gray Seewaldt -
84; Bodker, Gronbaek 91]. Design rationale and proto-
types can be understood by end-users and may trigger
them to gain a deeper understanding of their problem
Based on this feedback, the software
developers reframe their domain models, design, and

and domain.
implementations. Thus, software developers and end-
users coevolve system requirements and final products
while gaining shared understanding about the problem
domain and recording the process of increasing under-
standing.

5. Challenge: System Building Efforts

Given existing technologies that individually support
each functionality, challenge is how to integrate those
tools and mechanisms not only at data interface levels
but at a level that provides conceptual coherence.

We propose to use a hypermedia system to integrate
different types of representations, consisting of nodes,
each of which stores a representation or a link to a
representation, and links among the nodes. Studies have
shown that structure supports people to understand com-
plex information spaces [Kawakita 84; Anderson 83].
People understand a representation by seeing how the
representation is connected to others [Greeno 89; Nor-
man 93]. Thus, if heterogeneous representations (e.g.,
domain models, design descriptions, design rationale,
and source code) are stored in a CASE environment and
interconnected, then both end-users and system develop-
ers will understand how the representations are used,
applied, modified, and evolved by traversing links
among the representations.

Since building CASE environments is yet another
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software development, we wanted to implement our
ideas and evaluate it in order to assess the suggested
approach. In our research group, the EVA (Evolving-
Artifact-Approach) approach has been proposed and
applied to build the EVASERVICE system [Ostwald,
Burns, Morch 92], which supports NYNEX (a local tele-
phone company for New York region) service order
representatives to perform the complex task of service

provisioning.

In the EVA approach, descriptive representations of
application domain concepts provide a context for
understanding system requirements, and functional
representations are used to guide implementation of sys-
tem functionality. The representations facilitate the
mutual education process between end-users and
software developers necessary- for achieving a deep
knowledge of the application domain, for capturing
design rationale, and for
knowledge.
objects serve as a final software artifacts when com-

pleted [Ostwald 93; Fischer, Nakakoji, Ostwald 93].

representing  domain
Both descriptive objects and functional

The EVA system is built on top of CONCORDIA, a
hypermedia interface on SYMBOLICS, as a substrate.
The textual description of their domain (i.e., the service
provisioning operations) was first encoded by EVA.
Then, while system developers and end-users (i.e., ser-
vice representatives) browsed the hypermedia space
together by using EVA, the end-users articulated which
kind of functionality was necessary for a portion of task
description in the hypermedia. The system developers
implemented a set of small functionalities in CLOS,
some of which were accompanied with informal annota-
tions (such as natural language text, or graphics) as
design rationale, and each functionality was linked to a
node in EVA that described the portion of the original
task descriptions. Thus, function calls were associated
with graphical objects, so that clicking on the object
would execute the function. Embedding the functional
representations in descriptive representations provided a
context for understanding the functionality. The out-
come was the fully annotated chunks of functionalities
which were connected through the hypermedia substrate.

Applying the EVA approach to building EVASER-
VICE, descriptive and functional representations served
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two purposes: (1) they elicit knowledge about the task
domain from end-users that is often tacit and therefore
not expressible in abstract situations, and (2) they com-
municated the intentions of system developers to the
end-users. In both cases, the explicit representations
have been found crucial.

6. Summary

The CASE architecture discussed in this position
paper is for small-scale, task-oriented, customized
software projects, and may not be suitable for develop-
ing software where systemn requirements can be fixed
and stated formally, or where end-users are not available
to system developers, such as contract-based large scale
software development, or commercial packaged software
development. = However, envisioning a "Software
Development Paradigm in the 21st Century," I have
confidence that the demand for small task-oriented
software will increase. Computers should be viewed as
not only computational tools that supports people to do a
task, but also as media that facilitates human-human
communications and collaborations. This position paper
does not propose innovative technologies to be used in
future CASE tools; rather, I claim that we have to
integrate those existing technologies for supporting our
work as software developers by providing structures
among heterogeneous representations using hypermedia
technologies.
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Preliminary Call For Papers
The First Asia-Pacific Software Engineering Conference (APSEC)

December 7 - 9, 1994, Tokyo, Japan

SPONSOR
The Special Interest Group on Software Engineering
of the Information Processing Society of Japan (IPSJ/SIGSE)

The first Asia-Pacific Software Engineering Conference (APSEC) is organized to bring together re-
searchers and practitioners in software engineering from the international community, mainly from
Asia-Pacific countries.

In the software engineering arena, the North American countries and the European countries have
their own well-established international conferences which have been providing good occasions for
researchers and practitioners to exchange their ideas. However, these conferences have been usually
held far away from the Asia-Pacific countries. This geographic condition is one of the major reasons
to limit the number of papers accepted and the number of people attending these conferences. This
inevitably led to an accumulation of cries such as “Why we don’t have our own conference in the
Asia-Pacific region!” which has finally encouraged us to establish a new conference.

APSEC has originally grown out of the joint activities of the two SIGSE’s, namely the Special Interest
Group of the Information Processing Society of Japan (IPSJ/SIGSE) and the Special Interest Group
of the Korea Information and Science Society (KISS/SIGSE), in organizing the Joint Conference on
Software Engineering (JCSE) twice. The first one was successfully held in Seoul, Korea in March
1992 and the second one was successfully held in Fukuoka, Japan in November 1993, which have
received twice as many papers as the first conference from several Asian countries. By seeing this. we
understood that there are growing demands in the Asia-Pacific countries to have our own conference
on software engineering. This led us to decide to terminate the JCSE after the Fukuoka conference
and then to start a new conference, i.e., APSEC. We believe that APSEC will give the researchers and
practitioners in that area a greater opportunity to express and exchange their ideas among people in
neighboring countries, and thus to expedite leveling up of their research and development.

THEMES
The conference will address the following principal themes:

Requirements Engineering, Specification & Design, Testing, Maintenance, CASE tools, Software Met-
rics, Software Process, Reuse, Reverse Engineering, Object Orientation, CSCW, Distributed Devel-
opment, Information System Development, Project Management, Quality Assurance, Education, and
the other topics relevant to Software Engineering Field

INSTRUCTIONS TO AUTHORS

APSEC Program Committee solicits original technical papers and proposals for panel discussions. All
contributions will be reviewed and evaluated based on originality, technical quality, and relevance to
Software Engineering.

o TECHNICAL PAPERS should be no longer than 6000 words. All papers should include a separate
cover sheet which provides the following information : the title, authors’ names, postal and electronic
mail addresses, telephone and fax numbers, a 200 words abstract, a list of keywords. Experience
papers or practical papers are also welcome to be submitted. Submitted papers should be written in
English and clarify what is new and significant about the presented work. Accepted papers will be
published in the conference proceedings.

o PANEL PROPOSALS should describe the title and a brief description (including an aim and a
goal). The panel chair and panelists can be included in the proposal if the author has a plan. They
should be no longer than two pages.
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Six (6) copies of TECHNICAL PAPERS and PANEL PROPOSALS should be sent by April 30,

1994 to either of program co-chairs, not both. :

From Asia, Africa, and Europe
Motoshi Saeki

Dept. of Electrical & Electronic Eng.
Tokyo Institute of Technology
Ookayama 2-12-1, Meguro-ku

Tokyo 152, Japan

TEL. +81-3-3726-1111 (Ext.2192)
FAX +81-3-3729-1399

E-mail saeki@cs.titech.ac.jp

From Australia, Oceania and America
Roger Duke

Dept. of Computer Science

University of Queensland

Brisbane, 4072, Australia

TEL. +61-7-365-2097

FAX +61-7-365-1999

E-mail rduke@cs.uq.0z.au

IMPORTANT DATES

Submission Deadline :
Acceptance Notification :
Camera-ready Copy Due :

30 April 1994
15 August 1994
30 September 1994

GENERAL CONFERENCE COMMITTEE

Conference Chair
Program Co-Chairs

Sadahiro Isoda (NTT)
Motoshi Saeki (Tokyo Institute of Technology)

Roger Duke (University of Queensland)
Local Arrangements Yoshiaki Fukazawa (Waseda University)

Treasurer
Publicity

Mikio Aoyama (Fujitsu)
Kazuhito Ohmaki (Electrotechnical Laboratory)

STEERING COMMITTEE MEMBERS

Ken-ichi Harada (Keio University, Japan)

Sadahiro Isoda (NTT, Japan)
Yong Rae Kwon (KAIST, Korea)

Lin-shan Lee (Academia Sinica, Taiwan)

Danny Poo (National University of Singapore, Singapore)

Karl Reed (La Trobe University, Australia)

Vincent Shen (The Hong Kong University of Science & Technology, Hong Kong)
Chi Su Wu (Seoul National University, Korea)

PROGRAM COMMITTEE MEMBERS (Tentative)

Tsuneo Ajisaka (Kyoto Univ., Japan)

Paul Bailes (Univ. of Queensland, Australia)
Donghae Chi (ETRI, Korea)

Chyan-Goei Chung (National Chiao Tung Univ., Tai-
wan

Mas)ahito Hirakawa (Hiroshima Univ., Japan)
Shinichi Honiden (Toshiba, Japan)

Hisayuki Horai (Fujitsu, Japan)

Stan Jarzabek (National Univ. of Singapore)
Kyo-Chul Kang (Pohang Inst. of Sci. & Tech., Ko-
rea ¥

Jyh)-Sheng Ke (Inst. for Information Industry, Tai-
wan)

Moon Hae Kim (Kon-Kuk Univ., Korea)

Yue-Sun Kuo (Academia Sinica, Taiwan)

Kazushi Kuse (IBM Japan)

Don Lawrynuik (National Univ. of Singapore)
Hing-Yan Lee (Info. Tech. Inst., Singapore)
Keung Hae Lee (Hankuk Aviation Univ., Korea)
John Leaney (Univ. of Tech., Sydney, Australia)
Chris Marlin (Flinders Univ., Australia)

Morio Nagata (Keio Univ., Japan)

Kazuhito Ohmaki (ETL, Japan)

Young Chul Shim (Hongik Univ., Korea)
Katsuyasu Toyama (NTT, Japan)

T.H. Tse (Univ. of Hong Kong)

Seung-Min Yang (Soongsil Univ., Korea)

K.T. Yung (Hong Kong Productivity Council)
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International Conference on
Software Maintenance and Tools Fair
Victoria, British Columbia, Canada
September 19 - 23, 1994

ICSM '94

General Chair:

Lee J. White

Dept. of Comp. Eng. & Science
CASE Western Reserve Univ.
511 Crawford Hall

Cleveland, Ohio 44106 USA
Voice: 216-368-2802

Fax: 216-368-2801

E-mail: leew®alpha.ces.cwru.edu

Program Co-Chairs

Hausi A. Milller

Dept. of Computer Science
University of Vicioria

P.O. Box 3055

Victonia. B.C. V8W 3P6 Canada
Voice: 604-721-7630

Fax: 604-721-7292

E-mail: hausi@csr.uvic.ca

Mar] Georges

Cap Gemini Innovation
86790, rue Thiers

92513 - Boulogne-Billancourt
France

Voice: 33-1-49-10-53-98

Fax: 33-1-45-10-06-15

E-mail: mari@capsogeti.fr

TFutorials Chair

Shawn Bohner

‘The MITRE Corporation

611 West Poplar Road
Sterling, VA 20164-4733 USA
Voice: 703-883-7354

Fax: 703-883-6991

E-mail: bohner@mitre.org

Tools Fair Chair

Daniel Hoffman

Dept. of Computer Science
University of Victoria

P.O. Box 3055

Victoriz, B.C. V8W 3P6 Canada
Voice: 604-721-7222

Fax: 604-721-7292

E-mail: dhoffman@csr.uvic.ca

Program Commitiee

R Amold (USA) K. Bennent (UK)

S. Bohner (USA) G. Caldiera (USA)

F. Calliss (USA) M. Caprez ()

D. Card (USA) E. Chikofsky (USA)

R Ciampoli () A.. Cimitile (I)

F. Coallier (CAN) J. Cross I (USA)

R Donnelly (USA) P. Feiler (USA)

J. Foster (UK) M. Genteman (CAN)
M)J. Harrold (USA)  D. Hoffman (CAN)
R Keller (CAN) M. Kellner (USA)

T. Khoshgoftaar (USA)  P. Kuvaja (FIN)
S-C. Lim (SIN) N. Madhaviji (CAN)

L Mancini () E Merlo (CAN)

J. Munson (USA) J. Mylopoulos (CAN)
J. Ning (USA) P. Oman (USA)

M. Orgun (AU) V., Rajlich (USA)

D. Robson (UK) N. Schneidewind (USA)

J. Slonim (CAN) P. Sorenson (CAN)
Y. Strigel (CAN) A. Symonds (USA)
T. Tamai (J) L White (USA)

H. Zuse (D) N. Zvegintzov (USA)

ath Reengineering Forum

For more information about the
4th Reengineering Forum please
contact: Elliot Chikofsky
(e.chikofsky@compmail.com).

Sponsored by IEEE Computer Soczety’s Tecbmcal Commztree on Software Engzneeng

The 1994 Reengineering and Maintenance Week in Victoria, British Columbia, Canada will include ICSM '94 (formerly
called CSM) and the 4th Reengineering Forum (formerly called Reverse Engineering Forum).

The Software Maintenance Conference is the world's premier forum for the presentation and discussion of state-of-the-
an developments in the field of softevare maintenance. Thetheme of ICSM '94 is “Build for Software Evolution.” Sofrware
maintenance includes enhancing. adapting, and correcting software. Software evolution includes capruring, preserving,
and extending knowledge about sofrware systems evolving over long periods of time. ICSM '94 will provide a forum for
v discussing software maintenance and evolution through refereed papers, experience reports, panel sessions. exhibits,
i i and informal meetings. ICSM '94 will present the most important practical. experimental, and theoretical work currently
: conducied to support software maintenance and evolution. The parnicipants will include practitioners and researchers
i from industry, academia, and government.

! Major Topics include, but are not limited 10: designing for ease of maintenance and evolution; living with legacy or
+ heritage systems; software migration and conversion; achieving and maintaining fitness for use; reverse engineering and
| design recovery; design decision capture and exploitation; annotating and documenting software systems; program
f understanding and comprehension: recognizing patierns in existing software systems, reengineering and restructuring;
! business reengineering; standards and methodologies; process and lifecycle models; empirical maintenance studies;
maintenance and maintainability metrics; formal methods applied 1o maintenance and evolution. change and impact
analysis; knowledge-based system maintenance: verification and testing methods for maintenance: software maintenance
¢ and evolution tools and architectures: software maintenance education.

{ Submissions. Submit 5 copies of papers, experience reports, or panel proposals in English t6 one of the Program Co-
. Chairs by March 25, 1994. Notification of acceptance or rejection of all submissions will be made by June 10, 1994.
" The final papers will be due July 29, 1994. Submissions will be refereed by an international program commitee for
- their applicability and relevance 10 the softrware maintenance community. For Papers submit 2000-5000 words, which
! have not been previously published and are not under consideration for publication elsewhere. Please include on the
first page the title, all authors' names, complete contact information of the lead author (address, phone/fax numbers, e-
- mail), 2 short abstract of no more than 250 words, 2 list of descriptive keywords, and 2 specification of the type of
i submission (Research/ Experience). Research Papers will be evaluated for originality, significance, soundness, and
clarity. Methodological papers should show how the results presented contribute to maintenance practice. Papers on
- systems should concentrate on technical and architectural issues. Experimental papers should describe the experimental
. methods used and interpret the results in terms of practice. Experience Reports might include experiences with software

maintenance technologies or processes (e.g., using a tool or a method, applying a metric, following 2 project management
~ or sofrware process discipline). Emphasize outcomes, insights gained, and lessons learned. Panel proposals should
. include a title, the proposed chair, the tentative panelists, a brief description of the panel session subject, and a supporting
¢ rationale. Panelists should have agreed 1o participate before the submission of the proposal. ICSM Tutorials should
address maintenance topics that are of particular interest to practitioners. Proposals for full-day or half-day tutorials should
- include a detailed outline of the material, a description of past experience with the tutorial, an assessment of the materials'
* maturity, and credentials of the instructor. Submit 5 copies to the Tutorials Chair.

Exhibits. A tools fair proposal should include a'1-2 page description of the tool or environment. its applicability to
3 software maintenance. an outline of the proposed demonstration, the amount of exhibit space required, .hardware
plaLform required, and any other requirements. Clearly identify the submission as “Research Prototype” or “Vendor Tool.”
! Submit 3 copies by May 31, 1994 to the Tools Fair Chair.
13
. Conference Location. The 1994 Reengineering and Maintenance Week will be held downtown in the Victoria
- Conference Centre. Victoria is one of the top leisure destinations of the world. Mountains and sky, islands and sea,
| hospitality and high technology-all come together in the city of flowers and gardens. The mild climate in Victoria is due
t to warm Pacific currents which give British Columbia's capital a definitely Mediterranean climate. Conference delegates
| and their families have the opportunity 1o experience a holiday they will remember for years to come. Some of the world-
! famous attractions in Victoria and on Vancouver Island include Buichart Gardens ,Craigdarroch Castle, City tours on
: ! Double Decker buses, University of Victoria, High Tea at the Empress Hotel, Royal BC Museum, salmon BBQ, whale
: watching tours, San Juan and Gulf Islands, and Long Beach National Park.
i
' Transponation. Victoria's prime location, on the southernmost tip of Vancouver Island, midway berween Europe and
. Asia, provides easy access from almost anywhere in the world. Victoria's International Airport is connected to the
! Vancouver or Seattle-Tacoma International airports by over 40 flights daily offered by several airlines. The 20 minute
, flightacross Puget Sound or the Gulf Islands is absolutely spectacular. There are direct flights offered by a variety of carriers
; from many cities in the US, Europe. Asia, Australia, and Canada i. Vancouver and Seattle. Victoria can also be reached
from Vancouver and Seatle by float planes, ferries, and catamarans.
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4th Reengineering Forum ictos BO, Cansas

Call for Presentations:
"Reengineering in Practice"

The Rengineering Forum is a combined industry /research review of the state of the art and the state of the practice in
reengineering of business processes, software and systems and in reverse engineering of the same. It is a meeting
place for key people in the reengineering field: developers, researchers, and leading-edge users.

Presentations are invited on all aspects of reengineering in practice: » software reengineering
» business process reengineering * reverse engineering
» [T transformation to better support the enterprise « program understanding
« systems reengineering « related topics...

Our objective is to form a broad perspective snapshot of the present state of the field. Technical and user experience presentations
are sought; sales pitches are discouraged. Blue sky and "what I really need is..." presentations are welcome.

The Forum includes presentations by experienced users, tools developers, and industrial and academic researchers, describing the current state
and directions of products, prototypes, and approaches. As a principal technical meeting of the reengineering fieid, a major focu; of thre Fo.rum is
to allow ample opportunity for one-on-one and group discussion among presenters and attendees. Interaction is paramount. The Forum is held
as much to be a meeting place for the speakers to compare notes on the future of the field as it is for attendees to learn about the staxe-of—the-?rl
and new developments. lt incorporates and expands upon the Reverse Engineering Forum, established in 1990. The Forum has been successful
as a key resource for software professionals who are looking for, or developing, solutions for coping with existing system assets.

This vear, the Forum joins with the 11th International Conf. on Software Maintenance (ICSM'94) of the IEEE Computer Society to form the
1994 Reengineering and Maintenance Week. This brings together industry and research communities with similar interests throughout
the week of September 19-23, including exhibits, tutorials, joint sessions, working meetings, and workshops.

Presentation and panel session proposals are due by April 30, 1994. Submit a 1-2 page description to:
Reengineering Forum, P.O. Box 400, Burlington, MA 01803 USA; email reengineer@computer.org; fax 617-272-8464.

The Forum also welcomes proposals for Discussion Round Table sessions. These are extended, focused working discussions
on technical topics. Round Table topics have inciuded: rgengineering economics models; development of a DoD
reengineering strategy; revisiting the IEEE Software taxonomy of reverse engineering and reengineering; the role of
standards in maintenance and reengineering,.

The Forum uses a “rolling admissions” policy for accepting presentations. Some speaker slots are kept open until days
before the meeting to enable previously undiscovered work and new results/developments to be presented. This results in
a high-quality, timely, and very current program for Forum attendees. Speaker foils are published as the proceedings with
as late a deadline as logistics will allow. Specific dates/time for all speakers are assigned at the last possible minute,
maximizing speaker participation in the entire program and retaining flexibility for the best possible program. Speakers are
encouraged to be full participants in the Forum, and not just dropping in to give a presentation. In general, as a meeting of
the field, speakers will pay an attendee fee.

General Chair: Elliot Chikofsky, Northeastern University, Industrial Engineering & Information Systems,
75 Lexington Street, Burlington, MA 01803 USA
617-272-0049; fax 617-272-8464; email e.chikofsky @ computer.org

Exhibits: Judith Marx Golub, Software Management News,
B-10 Ste 237, 4546 El Camino Real, Los Gatos, CA 94022 USA
415-869-5522; fax 415-969-5949; email j.golub@ computer.org

Tutorials: Shawn Bohner, The MITRE Corporation,
611 West Poplar Road, Sterling, VA 20164-4733 USA
703-883-7354,; fax 703-883-6291; email bohner @ mitre.org

1ICSM: Lee J. White, Case Western Reserve University, Dept. of Computer Engr & Science,
511 Crawford Hall, Cleveland, OH 44106 USA
216-368-2802; fax 216-368-2801; email leew @alpha.ces.cwru.edu
or IEEE Computer Society, Conferences Offfice, 202-371-1013

4th Reengineering Forum is sponsored by
the non-profit Reverse Engineering Forum Inc.

In cooperation with:

International Workshop on CASE (IWCASE)

Software Engineering Institute (SEl) / Carnegie-Mellon Univ.
Software Management Association

Software Management News
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TOOLS USA "'94

Technology of Object-Oriented Languages ond Systems

Seamail Vol.8, No.10

FOURTEENTH INTERNATIONAL CONFERENCE AND EXHIBITION

Santa Barbara, California, August 1-5, 1994

CONFERENCE ANNOUNCEMENT
AND CALL FOR PAPERS

Program Chair: Raimund Ege, Fiorida International University ® Panel and Workshop Chair: Madhu Singh, Bellcore * Conference Chair: Bertrand Mever, ISE

“OOLS is the major international conference and exhi-
sition devoted to the applications of object-oriented
echnology. TOOLS USA ‘94, the fourteenth TOOLS
nternational Conference and Exhibition, returns to
Santo Barbara for the fourth time and confinues the
-ommitment to excelience demonstratec by earlier con-
-erences in Europe, the Pacific and the U.S. Stondards
sstablished for TOOLS by earlier conferences in the
series include:

+ zmphasis on the practice of objeci-oriented technol-
ogy ond its application in industrial environments,
complementing the more academically-oriented per-
spective of traditional conferences.

+ Solid technical program, based on a strict referee-
ing process.

+ balanced coveroge of the wealth of approoches,
trends and varionts in the object-oriented community.

+ Combination of tutorials by recognized experts, up-
to-date exhibitions of products anc services, invited
tolk: by innovators in the field, relevant panel dis-
cussions, ond technical papers targeted to industry
oractitioners.

s with previous conferences, the TOOLS 14
“roceedings will be published by Frentice-Hall and
~ade ovailable worldwide.

SUBMITTING A PAPER

TO0LS USA ‘94 is now soliciting papers on all
zspects of object-oriented technology. All submitted
~apars will be refereed and judged not only accord-
ng to standards of technical quality but also on their
usefulness to practitioners and applied researchers. A
non-exhaustive list of suggested topics includes:

+ Reports of experiences with O-O technology

* Migration toward O-O software development

+ O-O user interfaces, persistence and databases

+ Class management and evolution

* Empirical and field studies

s Production, distribution and revenue collection of
industrial-quality reusable components

TOOLS 14 will feature a special track on issues relat-
ing to the migration from conventional to object-oriented
=rogramming. This frack will include workshop(s), tutori-
zis, panel discussions, and fecrured speakers. Technical
zopers are expressly sougni in this area.

“apers should be range of 10 to 20 double-spaced
oages. Six copies of each submission should be sent fo:

TOOLS USA 94

Atin: Dr. Raimund Ege

School of Computer Science

Florida Infemational University

Miami, FL 33199 USA

Phone: (305) 348-3381, Fax: (305) 348-3549
E-mail: ege@scs fiv.edu

Alternatively, you may contact ege@scs.fiu.edu about
our experimental e-mail submission procedure.
General information is available by e-mail from tools-
info@scs.fiu.edu. “Guidelines for Authors” are avail-
able via anonymous ftp from tools.fiv.edu in file
pub/tools-authors-guide.

Proposals for panels and workshops are also solicited
and should be sent to the Panel and Workshop Chair:

Madhu S. Singh

Belicore, RRC 1A 111

444 Hoes Lane

Piscataway, NJ 08854

Phone: (208) 699-4366 Fax: (?08) 336-2830
E-mail: msingh@ber.cc.bellcore.com

O lintend to register for
TOOLS USA 94. Please send
me the conference program.

Tutorial proposals should be sent to the conference
organization committee at the address listed below.

IMPORTANT DATES

All submissions must be received by March 18, 1994
to be considered for inclusion in the conference.
Submissions should be in English. Notification of
acceptance will be maiied by April 30, 19%4. Final
manuscripts will be due June 1, 1994.

INTERNATIONAL OBJECT-ORIENTED WEEK

Friday, August 5 has been set aside for inde-
pendently organized events, such as User
Group meetings or standardization committees.
The TOOLS USA ‘94 organizers will help coor-
dinate such events if they fall within the scope of
object-oriented techniques, ond will include the
announcements in the final TOOLS progrom. If
you are interested in sefting up such o meeting,
please contact the conference chair for details ot
tools@tools, com.

Conference Organization Committee:

TOOLS USA 94

P.O. Box 6863

Santa Barbara, CA 93160

Phone: (805) 685-1006, Fax: {8§05) 685-6869
E-mail: tools@iools.com

For further information complete the coupon below
and e-mail it to the Conference Orgonization
Commitiee.

3 lintend to submit a paper with the following title:

This will be

TOOLS USA 94

T a full paper

T an extended abstract

O Please send me the Guidelines for “Prospective TOOLS Authors.”

Please send me the “Call for Exhibitors™ application.

P.0. Box 6863

Name

Adaress

Phone: (805) 685-1006
Fax: (805) 685-6869

Cny, State, Z:z

E-mail: tools@icols.com Teiepnone & Fax

E-mail:

|
i
l
I
I
|
|
I
| Santa Barbara, CA 93160
}
l
I
|
|
|
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