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Abstract

In an effort to establish interface standards to help the US Navy more easily and effectively assemble software-intensive
Project Support Environments (PSEs) from commercial sources, the Navy’s Next Generation Computer Resources (NGCR)
program has set up a Project Support Environment Standards Working Group (PSESWG). The foundation of this group’s
work is the development of a service-based reference model that will provide context for categorizing and relating existing
standards and the identification of interface areas that may benefit from future standardization. This paper presents a
report on the lessons learned in the definition of this reference model.
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1. Introduction

In industry, government, and military circles
the need for improved approaches to computer
system support for large-scale software develop-
ment and maintenance has long been recognized.
As early as 1979, a US Government Accounting
Office study of nine software projects showed
that the cost and destiny of software was:

e $3.2M - paid for, but never delivered

$2.0M - delivered, but not used

$1.3M - abandoned or reworked

$0.2M - used after changes

$0.IM - used as delivered.

While there have been improvements over the
past decade there are still many examples that
confirm the magnitude of the problem with which
we are currently faced.

One way to address this problem is by improv-
ing the support environment used by large soft-
ware projects. This overall support environment
(hardware. software, methods and techniques,
people) can have a significant effect on the qual-
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ity of the computer system developed, and the
ease (or otherwise) with which it can be main-
tained. The software aspect of a support environ-
ment is the primary focus of this paper.

The term Project Support Environment (PSE)
refers to a computer-based system used in devel-
oping, maintaining, and enhancing computer sys-
tems. PSEs are currently being studied and used
by many organizations in government and indus-
try. Many organizations are seeking ways morc
easily to develop PSEs that are specific to partic-
ular projects or individuals. The goal of most of
these efforts is finding a strategy that permits a
PSE to be constructed from commercial off-the-
shelf (COTS) tools in a flexible and maintainable
way. Unfortunately, while sound in concept, this
approach suffers from the current instability and
fragmentation of the COTS tool market, with the
result that assembling a PSE from a collection of
COTS tools is a very complex undertaking. Not
only are there many different COTS tools to
choose from, there are many tools offering simi-
lar functionality, new tools being announced by
vendors on a frequent basis, and no established
means to use multiple tools within a single PSE.
While often talked about, the notion of ‘plug-
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and-play’ compatibility in COTS tools remains a
long way from reality.

As a means to solve this dilemma, many work-
ing groups are investigating how standardized
interfaces (actually sets of complementary inter-
faces) can provide the necessary mechanism for
tool integration. As a first step, it is necessary to
isolate the specific areas for which interface stan-
dards are needed. A suitable abstract model of
an environment is a prerequisite in accomplishing
this.

1.1. Background to the reference model

Next Generation Computer Resources
(NGCR) is a US Navy program designed to estab-
lish industry-based interface standards in a num-
ber of areas important to mission-critical com-
puter resources (MCCR). Recognizing the cur-
rent state of the practice in the area of support
environments, the Navy decided as part of the
overall NGCR program to focus one of its teams
on the area of PSEs !. It consists of participants
from industry and academia, as well as a variety
of government services and agencies. The PSE
Standards Working Group (PSESWG) is select-
ing interface standards that will help the Navy in
moving toward the goal of being able to assemble
a PSE from COTS tools in a well-defined way.

The PSESWG was initiated in February 1991
with a charter to establish an industry-based set
of environment interface standards. These stan-
dards, and the environments that conform to
them, must be suitable for supporting engineering
and management through the entire life-cycle of
computer-based applications systems in the 1990s
and beyond. Two related tasks were initiated as a
starting point to achieve the PSESWG charter:
(1) The development of a PSE reference model.

Due to the complexity and lack of agreed
terminology and concepts in this area, it was
decided to develop a model based on the

characterization of the facilities expected of a

populated PSE. These facilities include both

the support services and the tools that pro-
vide capabilities to the end-user.

! In addition to the PSESWG, other working groups are
concentrating on network, backplane bus, operating sys-
tems, database, and graphics interface standards.

(2) A cataloging of available technology and stan-
dards. As there are many existing standards
and products already in use, there was a need
to begin the task of identifying and categoriz-
ing those that might be relevant to the
PSESWG.

There is a close relationship between these
two tasks in that the aim is to validate the refer-
ence model by applying knowledge of existing
products and standards, and to use the categories
and partitions of the reference model to help in
structuring the available technology catalog.

The PSE reference model is the starting point
for selecting interface standards. It will provide
the context for classifying existing products and
standards, establish a common terminology and
set of concepts for PSESWG (and perhaps the
broader PSE community), and identify where fur-
ther standards efforts may need to be directed. In
developing this reference model we examined a
large number of existing PSE efforts. None of
them individually had the breadth, nor had the
approach necessary to achieve our aim of provid-
ing a vehicle for identifying interfaces as potential
candidates for standardization in a PSE. Hence,
our model synthesizes aspects of many of them,
including the Software Technology for Adapt-
able, Reliable Systems (STARS) program, the
National Institute of Standards and Technology
(NIST) Integrated Software Engineering Envi-
ronment (ISEE) working group, the European
Computer Manufacturers Association (ECMA)
Technical Committee 33 task group on the SEE
reference model, the Ada Joint Program Office
Evaluation and Validation Team, the Air Force
Software Life Cycle Support Environment
(SLCSE) project, Honeywell’s Engineering Infor-
mation System (EIS) program, TRW’s Concep-
tual Environment Reference Model (CEARM)
effort, and the standardization committees within
IEEE and ANSI for POSIX and for CASE Tool
Integration Models (CTIM). Many valuable as-
pects of these efforts have been considered in the
course of our work.

The initial use of the PSE reference model will
be as the basis for identifying interface areas
where standards are likely to be of benefit in
assembling a PSE from COTS tools. However,
the reference model may also be seen as a defini-
tion of common terminology and concepts that
will allow existing PSE products and standards to
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be described and compared. In this regard poten-
tial users of the reference model include tool
builders, tool vendors, environment integrators,
and the software engineering community as a
whole.

The task of writing the reference model is *
one of significant technical difficulty, given that
the chosen job is to create a valid model for any
PSE. However, the actuality of the task is that a
combination of technical, political, and manage-
rial skills is needed for such an exercise. Factors
such as the inherent makeup of the NGCR work-
ing groups, the relationship between the
PSESWG and other groups in the environments
area, and the current ferment throughout the
software standards community are all contribu-
tors to the difficulty of developing such a refer-
ence model.

1.2. Overview of this paper

The rest of this paper focuses on two distinct
topics:

(1) A review of the main elements of the refer-
ence model.

(2) A discussion of some of the main issues that
were addressed in defining and applying this
reference model.

The first of these topics is addressed in sec-
tions two and three. Section 2 describes the basis
of the reference model, together with a descrip-
tion of the key terms and concepts that provide a
basis for this work. Section 3 describes the ser-
vices defined in the model itself.

The second topic is addressed in Section 4,
which consists of a detailed commentary on some
of the main lessons learned in defining and apply-
ing this reference model.

The paper is concluded in Section 5 which
summarizes the main issues raised and describes
ongoing activities related both to the reference
mode! and to other related research activities.

2. Description of the model

The reference model is a conceptual descrip-
tion of the functionality that may be provided by

* This is an on going task, since although a public document
now exists (Version 1.0), the reference model is still in
development. The completion date of Version 2.0 is Octo-
ber 1993, with periodic revision thereafter.
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Fig. 1. Conceptual models vs. actual environments.

a project support environment *. This description
is general and is bounded neither by a particular
application domain nor by any specific life-cycle
paradigm for a development project. This is in
contrast to an actual implemented environment
that is constructed of particular components (i.c.
software and hardware) and that typically does
reflect a chosen lifecycle paradigm, at least im-
plicitly.

The distinction between conceptual and actual
is of fundamental importance. The conceptual
viewpoint that governs this reference model pro-
vides an abstract description of the functionality
that may be found in a PSE. An actual viewpoint
would describe a particular realization of the
conceptual view in terms of a PSE architecture
with specific tools and standards. There is a mu-
tually reflective relationship between the concep-
tual and the actual views, i.e. between this PSE
reference modcl and existing cnvironments: one
may either consider the model to be abstracted
from many environments, or may regard a partic-
ular environment as a realization of the model.

Figure 1 illustrates this distinction. The left-
pointing arrow illustrates the activity of studying
several existing environments to derive informa-
tion for the model. The right-pointing arrow indi-
cates that a particular environment could be a
realization of the model. One benctit of this
approach is that it provides a common means of
describing environments (e.g. ‘In terms of their
functionality, how is SLCSE * different from
EAST °?°). Hence, the reference model does not
directly represent an architectural approach to
constructing a PSE — rather, it provides a com-
mon basis for examining the functionality of dif-
ferent PSEs. Additionally, such an analysis pro-

P

Although the term ‘environment™ has not yet been tully
defined, the reader is presumed to have some familiarity
with the term as commonly used.

The Software Life Cycle Support Environment, a software
development environment sponsored by the US Air Force.
The Environment of Advanced Software Technology, a sott-
ware development environment product developed by SFGL
in France.

wn
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vides an ongoing validation of the model; it is a
necessary attribute that the reference model pro-
vides an accurate reflection of technology that
exists.

2.1. Key concepts and terms

There are several key concepts and terms used
in the reference model. This section provides an
overview of them and their interrelationships.
These key terms are indicated below by italics. It
should be noted that some of these concepts are
not amenable to simple definition, either because
the term is broadly applicable, forcing description
rather than definition, or because the term cur-
rently has conflicting meanings in the environ-
ments community. It is hoped that this section of
the paper may help resolve some of this confu-
sion.

An Environment is a collection of software
and hardware ® components; there is typically
some degree of compatibility that renders these
components harmonious. One can describe an
environment using the contrasting viewpoints of
conceptual vs. actual; or in a slightly different
way, one can describe an environment in terms of
the way it supports human activities.

When described from the conceptual point of
view, an environment’s capabilities are referred
to as Services, which are abstract descriptions of
the work done. Some of these services are of
direct interest to an End-user (e.g. editing) while
others comprise an underlying infrastructure, or
Framework, comprised of relatively fixed capabil-
ities that support user interfaces, processes, and
objects (e.g. access control, process resource
management).

When described from the opposite, or actual
view, i.e. when a realized environment is consid-
ered, the components that directly support an
end-user are generally called Tools (e.g. graphical
design packages). Although no single definition
for ‘tool’ will suffice, that of the IEEE Glossary ’
is useful: a computer program used to help de-
velop, test, analyze, or maintain another com-
puter program or its documentation. As in the

% For the purposes of this document, the PSESWG concen-
trates on the software components of an environment.

7 IEEE Standard Glossary of Software Engineering Terminol-
ogy, 1IEEE Std 610.12-1990.

. '
SERVICE
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activity -
conceptual actual

Fig. 2. Relationships of tools, tasks, and services.

conceptual view, the components that comprise
an actual infrastructure are referred to as the
Framework. The same term, framework, is thus
used in both a conceptual and an actual sense,
and its precise meaning depends on the context.

Finally, when an Environment is considered
from the vantage point of how it supports human
activities, then either the environment will pro-
vide a Service to a human user, or a human user
will perform some Task with the aid of the envi-
ronment. For instance, one can speak of the fask
of testing software, or of using a software testing
service. These different views of an environment
result in subtle differences in the meanings of key
terms. In particular, there is a slightly different
meaning for service when it is contrasted with
tool and when it is contrasted with task. In the
first case, a tool is an actual realization of one or
more conceptual services.

While there is no strict correlation between
tool and service (because one tool may realize
many services, or one service may be realized by
many tools), there are relatively straightforward
correlations between tools’ functionalities and
service descriptions. In the second case, a task
and a service provide complementary views of the
same activity. For instance, one might consider
that the environment provides some capability
(e.g. an environment’s testing service); or one
might consider that a human user performs some
task using the environment (e.g. the human activ-
ity of testing). Whichever view one takes, both
refer to the same notion, (e.g. a human using a
piece of software to test the output of an engi-
neering process).

In brief, services are abstract capabilities of
the environment, tasks make use of and provide
context for those capabilities, and tools are the
actual executable software components that real-
ize environment services. Figure 2 illustrates the
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distinction between these concepts. Service can
be contrasted with Tool along an axis of Concep-
tual vs. Actual, or it can be contrasted with Task
along an axis of Capability vs. Activity.

The PSE reference model is a catalog of ser-
vice descriptions spanning the functionality of a
populated environment. The service descriptions
are grouped by several different categories, in-
cluding degrees of abstraction, granularity, or
functionality. The highest-leve!l division classifies
services either as end-user or framework services.
The former includes services that directly support
the exccution of a project (i.e. services that tend
to be used by those who directly participate in the
execution of a project such as engineers, man-
agers. and secretaries). The latter services either
pertain to users who facilitate, maintain, or im-
prove the operation of the computer system itself
(e.g. a human user performing such tasks as tool
installation) or are used directly by other services
in the environment. End-user services are further
subdivided into Technical Engineering, Technical
Management, Project Management, and Support
services. The first three of these groups partition
the execution of a project into engineering, man-
agement, and a middie category that partakes of
both. The fourth group, Support services, is or-
thogonal to the other three, since it includes
capabilities potentially used by all other users,
such as word processing, mail, and publication.

Figure 3 illustrates the logical relationships
between these service groups. Framework ser-
vices form a central core with a potential rela-
tionship to all other services in the environment.
Support services underlie the other end-user ser-

Framework
Services
<\_).>- ...............
Technical N P
Management .y ... Mafiagement

Technica|
Engineering

upport
.. Services

Fig. 3. A graphical depiction of the reference model service
groups.

Support Services
Project Technical Technical
Management| | Management| | Engineering
Services Services Services
Framework Services

Fig. 4. An alternative view of service groupings.

vices. The remaining three groups, Technical En-
gineering, Technical Management, and Project
Management, surround the Framework services
and make use of the Support services. In addi-
tion, services from these three groups may have
relationships with each other. It is not the inten-
tion that the boundaries of the parts of this
drawing explicitly indicate interfaces, since this
figure is drawn at the level of service groups, not
of individual services. Thus, it must be stressed
that while a drawing such as this attempts to
suggest in a very gencral manner how the high-
level service groups logically relate to cach other,
there is an express intention to avoid any sort of
architectural implication. The reference model is
a conceptual, not an actual, model, and no archi-
tectural choices are intended by this figure. To
emphasize this point the same set of scrvice
groups, with the same set of potential relation-
ships, could also be illustrated by Fig. 4.

The key point is that the figures are illustrative
only and do not in any way connote layering of
services, architectural decisions, or implementa-
tion choices for an actual environment.

3. Description of reference model services

The reference model distinguishes two groups
of services: end-user services and framework ser-
vices. In this section we briefly review the services
that have been defined in cach of these groups,
and examine the distinction between host and
target system support in a PSE. Full details of the
reference model services can be found in the
complete reference model document [5].

3.1. End-user services

Each of the end-user service categories (Tech-
nical Engineering, Technical Management, Pro-



436 A.W. Brown et al.

ject Management, and Support services) is fur-
ther subdivided by engineering domain, by user
role, or life-cycle phase. Technical Engineering
services focus on the technical aspects of project
development. These services support activities re-
lated to the specification, design, implementa-
tion, and maintenance of systems. They are sub-
divided by specific engineering domains (e.g.
Software Engineering). In addition to ‘traditional’
engineering domains, the reference model also
considers life-cycle processes to be an area for
which an engineering discipline is appropriate,
and services related to that domain are included
here as well. Within an engineering domain the
processes used in the life cycle of a project define
a series of tasks, each requiring services for its
support. Thus, within the software engineering
domain, tasks typically include designing and cod-
ing, which require services like compilation and
testing. The following services are defined in the
reference model:
System engineering services

System requirements engineering

System design and allocation

System simulation and modeling

System static analysis

System testing

System integration

System re-engineering

Host-target connection

Target monitoring

Traceability
Software engineering services

Software requirements engineering

Software design

Software simulation and modeling

Code verification

Software generation

Compilation

Debugging

Software testing

Software static analysis

Software build

Software reverse engineering

Software re-engineering

Software traceability
Life-cycle process engineering services

Process definition

Process library

Process exchange

Process usage

Technical Management provides services that
are closely related to engineering activities. How-
ever, these services pertain to activities that are
often equally shared by engineers and managers;
the operations of these services do not clearly fall
into one or the other category, but fall into a
middle category that partakes of both Technical
Engineering and Project Management. These ser-
vices provide a managerial complement to engi-
neering activities in the areas of Configuration
Management, Reuse, and Metrics.

The following Technical Management services
are defined in the reference model:

Configuration management

Change management

Reuse management

Metrics
Project Management services are relevant to the
overall success of the enterprise. These services
support activities related to developing and exe-
cuting a project, including such things as schedul-
ing, planning, and tracking the project’s overall
progress. These activities span the lifetime of a
project from inception through deployment and
maintenance.

The reference model describes the following
Project management services:

Scheduling

Estimating

Risk analysis

Tracking

Support services focus on tasks and activities
common to all users of a PSE, regardless of the
domain, role, or life-cycle phase in which the
activity is taking place. Support services are
needed by virtually all users of the computer
system. They include services associated with pro-
cessing, formatting, and disseminating human-
readable data, including several common text and
figure processing services, as well more special-
ized publishing, user communication, and presen-
tation services. They also include administration
services that provide support for use of the PSE
itself.

The reference model describes the following
Support Services:

Common support services

Text processing

Numeric processing

Figure processing

Audio and video processing
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Calendar and reminder
Annotation
Publishing service
Presentation preparation service
User Communication services
Mail
Bulletin board
Conferencing
Administration services
Framework administration and configuration
Environment administration

3.2. Framework services

These services comprise the infrastructure of a
PSE. They include those services that jointly pro-
vide support for applications, CASE tools, etc.
and that are commonly referred to as ‘the envi-
ronment framework’. Since 1989, the National
Institute of Standards and Technology (NIST)
has sponsored a series of workshops developing a
reference model for environment frameworks.
The product of that group is a document pub-
lished jointly by NIST and the European Com-
puter Manufacturers’ Association (ECMA), and
is commonly known as the ‘NIST /ECMA Frame-
works Reference Model’ [2]. This document con-
tains detailed descriptions of fifty framework ser-
vices. The PSESWG elected essentially to use the
NIST document in its entirety, and the PSESWG
reference model simply contains abstracts of the
more extensive descriptions found in the
NIST/ECMA document.

In addition to the NIST /ECMA set of frame-
work services, the PSESWG has also chosen to
include some other infrastructure services not
present in the NIST/ECMA document. The
PSESWG has abstracted several services from
the work of the ‘Draft Guide to the POSIX Open
Systems Environment’ sponsored by the IEEE,
known as ‘POSIX.0,” as a source for these [4].

In both cases, the PSESWG reference model
has abstracted the service descriptions. A reader
of the PSESWG reference model is urged to
consult these other two documents for a full
description of the infrastructure services. It should
also be¢ noted that, at the infrastructure level,
some services are actually groups of services which
in turn contain lower-level services.

The reference model defines the following

framework services:

Operating system

Object management

Process management

Policy enforcement

User interface

Communication

Network

User command interface

In addition to the five groups referenced here,
the NIST/ECMA Frameworks reference model
contains services related to framework adminis-
tration and configuration; these are included in
the End-User section of the PSESWG reference
model.

3.3. Place of the target system in the model

While the target system may be the same as
the development system, there is no requirement
that this be so. The PSE reference model there-
fore differentiates between the services available
on the host machine used in the development of
computer-based systems, and services on the tar-
get machine upon which the developed system
will execute. Within the NGCR program, some of
the details of target system functionality are de-
scribed elsewhere. One source for these details is
the ‘Operating Systems Standards Working Group
Reference Model,” June, 1990 [3]. Other services,
in particular those relating to connection and
monitoring of target system services to the devel-
opment system, are part of this PSEWG refer-
ence model, and are included in the End-user
services listed in Section 3.1.

4. Commentary

Developing a reference model for such a di-
verse and complex application area has been a
major challenge from a technical, a political, and
an organizational view point. In this section we
discuss some of the challenges and describe the
lessons we have learned while undertaking this
work.

4.1. What is a reference model?

The PSESWG reference model describes from
a purely conceptual view point what functionality
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a PSE can be expected to provide. The very
concept of a ‘reference model’ is still far from
being a well accepted notion and can therefore
be a great source of confusion. In general, people
are much more familiar with physical models or,
at best, with (conceptual) models of a physical
implementation such as architectural models.
However, the aim of this PSEWG reference model
is explicitly not to define a physical architecture.

Evidence of this confusion can be seen in a
number of presentations, computing articles, and
government acquisitions where a purely concep-
tual model for PSE frameworks is being used
either to define a PSE architecture or as a basis
for ‘conformance’.

One of the important lessons from our work
on the PSESWG reference model has been the
importance of providing a clear and concise dis-
cussion of the role of our reference model. The
separation of the ‘actual’ world from the ‘“con-
ceptual” world has been very carefully made (see
Fig. 5 below), and helps to provide a clearer
understanding of the role of this work.

Our hope is that the concise definitions pro-
vided by the PSESWG reference model will help
people in making evaluations of actual PSE prod-
ucts. In addition, the discussion generated by the
POSIX, NIST/ECMA, and PSESWG reference
models will provide the basis for a deeper under-
standing of the role and importance of ‘reference
models’ and highlight the need for additional
models (e.g. architectural models) in the PSE
domain.

4.2. Conceptual models vs. actual environments

Since the reference model is conceptual as
opposed to actual, the service descriptions tend
neatly to partition the functionalities of a PSE.
When an actual environment is examined, how-
ever, these neat conceptual groupings are seldom
found. Real software components span various
service groups, with many components considered
to be end-user tools also providing capabilities
properly regarded by the reference model as
framework services. The likelihood of this func-
tional overlap is the reason that a conceptual
model is necessary: one of its principal values is
that it provides a common conceptual basis
against which to examine many different environ-
ment implementations. Figure 5 illustrates the

A Conceptual Model An Actual PSE
Service A Service B
Service C Service D

Service Groupings

End user Tools and
Framework Products

Fig. 5. Relationship between conceptual and actual worlds.

distinction between conceptual service descrip-
tions, having no duplication of functionality, and
a set of actual software components, many of
which may overlap in their functional capabilities.
As the figure shows, tools may duplicate other
tools’ functionality, and a tool often provides
both framework and end-user services.

Note that even if actual environments show
this mixing of framework and end-user function-
ality, it is nonetheless true that framework ser-
vices tend to be a relatively fixed set of infrastruc-
ture services found in most environments, regard-
less of domain or tool content. Some of these
ideas have been further explored in [1].

4.3. Rationale for the groupings in the model

In the widest sense, all users of the computer
system are ultimately participating in project exe-
cution. However, the reference model distin-
guishes end-user services as those that are di-
rectly related to project execution. Using the ex-
ample previously cited, i.e. tool installation vs.
engineering activities, installing a tool clearly can
facilitate the eventual engineering process. How-
ever, services specifically related to tool installa-
tion are conceptually different enough from ser-
vices that directly support high-level engineering
activities that the reference model considers the
classification of tool installation appropriately as
a framework service and not as an end-user ser-
vice. There are other criteria by which services
are grouped in the reference model. Often a
collection of services provides the functionality
needed to support a common resource. For ex-
ample, there are twenty-one services in this refer-
ence model related to accessing data objects in a
common repository. These services are all consid-
ered part of the Object Management Services
group. Since these services are related by creat-
ing, accessing, manipulating and using objects
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from a repository, their classification as a single
group allows for a better conceptual understand-
ing of the requirements imposed on any realiza-
tion of these services and ultimately on any stan-
dards that address these services. Another moti-
vation for grouping some services together might
be the roles individuals take in using them. Thus,
the activities that go into designing and producing
executable source programs will use services that
are grouped under the heading of Software Engi-
neering. In this case, the group is determined by
the users of the service rather than the manage-
ment of a common resource. The boundary be-
tween service groups, particularly the boundary
between end-user and framework services, is a
dynamic one that changes over time. There is a
general tendency for greater functionality to be
gradually assumed by the underlying framework.
For instance, historically most operating systems
have included a directory structure and file sys-
tem for data storage: a relational database is only
occasionally added to a basic operating system. In
the future, however, relational database function-
ality may be part of every operating system. It is
preciscly this growth of functionality that leads
toward the notion of ‘framework,” in contrast to
the notion of ‘operating system.’

4.4. Distinguishing services from tasks

A fundamental distinction that is being made
in the reference model is between a service pro-
vided by a PSE and the service consumer in the
form of a task. For example, a compile service
may be used as part of the compilation task. Such
a distinction is useful in that the reference model
itself describes services without being too closely
tied to particular tasks or processes. Hence, we
can describe many different tasks in terms of
their required PSE support services.

Unfortunately, despite our efforts to make the
distinction between service and task a clean one,
there are a number of areas where such a distinc-
tion becomes difficult to make. Examples of these
areas include acquisition management, logistics,
and quality assurance. In each of these cases it is
difficult to distinguish the services expected from
a PSE in support of the task from the details of
the task itself.

In this reference model we have attempted to
make a distinction between service and task

wherever possible, but also recognized he need to
accept a blurring of this distinction in some areas.

4.5. Defining the scope of the reference model

Although there is gencral agreement in the
community about what constitutes a PSE, it is our
experience that this apparent agreement breaks
down around the ‘edges’. Onc direction of early
conflict (which was fairly readily settled) hinged
on whether or not to include the operating sys-
tem and other similar ‘low-level’ services. An-
other more difficult one hinges on what consti-
tutes an ‘engineering domain’ and how extensive
the end-user services should be. For example,
there is a significant difference between the fol-
lowing possible statements of the PSESWG RM
scope:

e support for engineering of systems

e support for engineering of computer-based sys-
tems

e computer-based support for engincering of svs-
tems

e computer-based support for cngineering of
computer-based systems.

The last one, which is the one currently being
used in the PSESWG RM, limits the services of
interest to automated ones for engineering (which
includes life-cycle support as well as develop-
ment) of hardware and /or software systems. The
first one, on the other hand, could lead to the
inclusion of activities as well as services in all
engineering domains (including. for example.
chemical engineering and ship hull design).

The accompanying criterion we have used is to
ask oursclves whether a normal project engincer
(which includes managers) would expect to see
the service available from his /her project’s fully-
populated PSE. This has helped considerably in
cutting down the number of engincering domains
that it is reasonable to try to cover in a PSE
reference model.

Another concept of PSE scope we have had to
handle is the idea that, if it is automated, then it
belongs in the PSE. This is very seductive, as we
would all like to describe the “perfect PSE’ that
would provide automatic support for all sorts of
reasonable project activities. But it is important
that this reference model describe something that
is relevant to the current marketplace and so is
identifiable to and comfortable for thosc who
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participate in it. Confining the scope of the refer-
ence model as we have strengthens its relevance
to the community to which it is addressed and
thus increases the prospect that the concepts it
embodies can be realized.

4.6. Moving from services to interfaces

The end goal of PSESWG is to select stan-
dards that facilitate the assembly of a PSE from
COTS tools. This reference model is therefore a
step on the way to achieving this goal. Hence, we
must consider the utility of the reference model
in helping us to select those standards.

Our intention in defining this reference model
is that it helps us to identify and understand the
interfaces within a PSE where standardization is
both possible and desirable. Such interfaces are,
of course, an architectural consideration, while
this reference model is explicitly a purely concep-
tual device. Hence, the current focus of the
PSESWG is to concentrate our ecfforts on an
analysis of existing architectural models, using
the language and service categories of the refer-
ence model as the common basis from which they
can be described. By performing such an analysis
the expectation is that common interfaces across
a set of architectures will become apparent and
that details of the selection of interface standards
relating to those interfaces can be compared. A
number of major CASE tool vendors and envi-
ronment builders have already begun to use the
reference model to analyze their products.

Concurrent activities in examining the require-
ments for PSE interfaces and in collecting de-
scriptions of candidate PSE standards also con-
tribute to the goal of finding common interfaces.
We will soon be able to make our own selection
of standards relevant to those interfaces with
knowledge of which interfaces are commonly sup-
ported in available systems, and which selections
have previously been implemented. This gives us
the greatest opportunity to be compatible with
those systems, and hence to make use of their
existing investment in knowledge, experience, and
products.

4.7. Validation and mappings

A key activity within the PSESWG work is the
validation of the reference model through its

application to a variety of actual PSEs. This is not
as straightforward a task as we would like. There
appear to be a number of reasons for this.

Firstly, the complexity of such PSEs means
that performing a mapping activity is a non-trivial
undertaking. Estimates of the effort involved
range from one day to more than two weeks.
Second, there are few people with a detailed
knowledge of both the reference model and the
system to be mapped. Both the reference model
and the PSE product to be mapped require signif-
icant time and effort to be able to perform a
detailed, useful mapping. This requires additional
work on behalf of the person performing the
mapping. Often, even obtaining such detailed in-
formation on a PSE can be difficult if one were
not closely involved with the development of that
PSE. Third, in comparing mappings performed by
different people it is evident that detailed map-
ping guidelines, examples, and perhaps training
would be required if there is to be any hope for
consistency across the mappings as reference
models for broad application domains must of
necessity leave a number of degrees of freedom.
It is the role of mapping guidelines to help a a
mapper in deciding how to address this lack of
precision. Currently, few such materials are avail-
able and hence a goal of PSESWG is to help
produce any necessary materials.

4.8. Coordinating multiple, complex application do-
mains

In areas such as operating systems, networking
and database systems, reference models now exist
that help us to understand, relate, and explain
the services and their relationships (e.g. the
POSIX reference model, the ISO Open Systems
Interconnection model, and the ANSI/SPARC
model respectively). These models have been de-
fined (and refined) over an extensive period of
time following a large amount of experience with
these particular application areas.

In the PSE domain, however, there is consid-
erably less experience to draw upon. While it is
true that tools to aid software development have
existed since the earliest machines, the advances
toward comprehensive, life cycle support has been
very recent. This immaturity, coupled with the
extensive collection of technological components
considered part of a PSE (encompassing, for ex-
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ample, the three areas mentioned above), lead to
severe problems.

One particular problem of note is that the
technical and political convenience of building on
existing reference models in the constituent do-
mains of a PSE brings with it its own advantages
and disadvantages. For example, whilc providing
a useful starting point for our work, it has also
meant that we have had to address a number of
technical inconsistencies and omissions within and
between the models. Where these have been
found we then have the technical and political
problems of organizing how these should be ad-
dressed and by whom. As with all reuse activities,
reusing conceptual models has the problems asso-
ciated with amalgamating various component
parts over which we have little direct control.

Finally, the technical challenge of creating a
valid reference model, applicable to any engi-
neering environment, is an extraordinary one. To
achieve this goal, therc is need for breadth of
knowledge covering many domains, in many areas
of application; there is equal need for an overview
of these multiple domains. Above all, the refer-
ence model needs a coherent and logical basis if
it is to be intellectually acceptable throughout the
software community. The model is the result of
cxhaustive debate on the terminology, content,
and structure of the coherent and logical basis for
modeling the abstract behavior of a PSE.

4.9. Working group attendees

Membership on all NGCR’s working groups is
voluntary, and meetings are open to all interested
parties. The membership is therefore broad, but
often has uncertain continuity from meeting to
meeting. The working group is also structured as
a conscnsus organization, and decisions tend to
be made by informal acclamation rather than by
formal vote ®. There are also some competing
constraints inhercent in a joint project between
government and industry. Since NGCR is essen-
tially a government program, there are some
mandatory considerations from a government
point of view that participants from industry find
unnecessary. These issues were not (and are not)

® Given an open membership. it is difficult to achieve any
notion of eligibility of a voter.

insuperable, but represent an ongoing need for
compromise. It is likely that such compromise will
be a feature of any reference model that attempts
to gain consensus across a wide spectrum of gov-
ernment and industry.

4.10. Lack of standards agreement in the PSE
community

Another area of difficulty lies in the complex
and unstable arca of software standardization.
Many groups are working in many domains, and
some of the developing standards are either over-
lapping or in conflict. For example, there is a
great deal of debate in such areas as object
management, data formats, and object-oriented
methods. While these standardization efforts are
conceptually distinct from the PSESWG effort,
they nonetheless have an impact on the develop-
ment of the reference model, since the intellec-
tual basis for some of the model’s conceptual
services can often reflect a prejudice about a
given standard. Given that this lack of agreement
over standards in the PSE domain will continue
for the foreseeable future, dealing with the over-
lap and conflict of standards will continue to be a
significant problem.

5. Conclusions and future work

In this paper we have reviewed the main cle-
ments of a PSE reference model that we have
defined as a necessary step toward the goal of
selecting standards that will facilitate the assem-
bly of a PSE from COTS tools. Producing such a
reference model has been a major undertaking
involving a great deal of resources. We believe,
however, that this effort has been very beneficial
to our PSESWG goals in 4 number of ways:

e it is a focal point for producing a common set
of concepts, terminology, and issues that are
an essential basis for making progress in a
large, multi-organizational cffort such as the
PSESWG.

e it is a framework for categorizing existing and
proposed standards and products as a neces-
sary precursor to standards selection.

e it is a public document that illustrates our
intentions to the PSE rescarch community, at-
tracting people to attend, comment. and con-
tribute to our efforts.
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Additionally, we also believe that our work has

much wider implications for others working in the

PSE area, and in the software engineering area in

general:

e it is an example of the kind of reference mate-
rial that must be developed in the area of PSEs
to provide a deeper understanding of a number
of the issues that need to be addressed.

e it is a usable, practical document that can help
in the analysis and evaluation of complemen-
tary and competing PSE standards and prod-
ucts — a task in which many organizations re-
quire help and support.

e it is a demonstration of the effectiveness of
leveraging the talents and experience of gov-
ernment, academia, and industry to produce
useful results that are of benefit to each of
these communities.

Looking to the future, the release date for Ver-

sion 2.0 of the reference model is October 1993 °

after which the document will be revised periodi-

cally. To aid the work by members of PSESWG,
the reference model has been reviewed by mem-
bers of other working groups, notably the NIST

ISEE workshops, the Technical Group on Refer-

ence Models (TGRM) of the ECMA Technical

Committee 33 (TC33), and several of the con-

tributing experts of the international Portable

Common Interface Set (PCIS) program. These

persons have made many valuable contributions

toward the final document. In addition to devel-
oping the reference model, PSESWG also sup-
ports other related activities. For example, the
reference model is being used by PSESWG mem-
bers in several mapping activities, making use of
the reference model as a basis for examining
actual environments. More are planned during
the coming year, and a future document will
detail the results of these mapping activities. Ad-
ditionally, a catalog of available technology has
been compiled and will periodically be updated.
PSESWG is now moving toward a second stage,
which is to examine actual standards and prod-
ucts selected from the catalog of available tech-
nology. Two new teams of working group mem-
bers have been formed, one of which is investigat-

Y The reference model documents are available from any of
the authors and in electronic form from the PSESWG
archive. Electronic mail inquiries should be sent to
‘psearch@nadc.navy.mil’ with a subject line of “help”.

ing standards and products related to framework
services, and the other examining standards and
products related to data interfaces. These two
groups will examine as many of these items as is
feasible. The result of these examinations will be
formal characterizations of the important inter-
faces, as well as a list of candidate standards for
these interfaces. PSESWG’s final activity will be
to make actual selections of interface standards,
which will then be collectively listed in a single
NGCR PSE standard. Accompanying such a list
will be a document describing detailed considera-
tions of the relationships, overlaps, omissions,
and options that must be considered in using the
collection of standards.

Finally, there will likely be other merits of the
reference model in addition to its planned use by
NGCR. Its use as a basis for a common set of
concepts and terminology with which to discuss
the PSE domain will be a very useful contribution
to the whole PSE community. Similarly, the refer-
ence model has potential value in the study and
analysis of tool integration and may help in char-
acterizing tool capabilities. These are both areas
for future research for which the reference model
may prove to be of value.
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