By Michael J. Branson and Eric N. Herness

This article describes an Object-Oriented (00) development
tools environment for a large 00 project in IBM's pro-
gramming lab in Rochester, Minnesota. It outlines the find-
ings and outcomes, the types of tools assembled, the
source of those fools, customizations made, and feedback
received from users. It describes what did and did not
work, and the requirements that led fo the tools environ-
ment described.

his article provides a behind-the-scenes

view of the tools environment necessary

to support a large OO development pro-

ject. A complete Object-Oriented Pro-
gramming (OOP) environment includes a
methodology supported by processes, tools, and
an OOP language. Constructing a tools environ-
ment for a large-scale OOP project requires a
variety of resources and a unique set of skills.
Effectively deploying object technology requires
timely and effective delivery of scalable tools
environments.

The 00 Development Strategy

The OO development process must be integrated
with a toolset that enables developers to be pro-
ductive. The proper use of OO development
tools is not as obvious as traditional tools
because many are new, and there has not been a
lot of experience with their use. Like traditional
programming, developers depend on a process to
guide them in using the tools.

Tools used in OO development must relate to
the development methods and the development
process used within a project. Tools by them-
selves do not replace a methodology or a

Project Description

The project that drove the development of
this toolset was a large operating systems
development endeavor. Because of the
nature of this project, not all of our findings
may be relevant to other projects. Here are
the key characteristics that made our project
unique.

[0 C++ was the implementation language for
this project. Some tools are optimized to
C++ and some problems may be unique
to this development environment.

0 It is a large-scale, object-oriented develop-
ment project—150 direct programmers
and dozens of affected programmers and
supporting staff. The new C++ code writ-
ten has more than 7,000 classes and more
than one million lines of source code.
About 12,000 compiles occur on the net-
work each day.

00 In addition, other smaller projects use the
development environment, which adds
hundreds of other users—making scalabili-
ty a top priority.

O A legacy system is involved, so new C++
code had to interact with the old proce-
dural code.

O There is no Graphical User Interface (GUD
component.
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The development
environment
includes the base
hardware and soft-
ware configura-
tions used for

development.

process. They are used to practice a methodology
and to complete the deliverables of the
development process.

Environment

The development environment includes the base
hardware and software configurations used for
development. It also encompasses the target exe-
cution environments of the software being devel-
oped. It is common to use a variety of hardware
platforms with various operating systems to
develop software products.

The environment and the tools are interdepen-
dent. For example, if the development worksta-
tions are a given, the tools must run on them. If,
on the other hand, you are purchasing new
equipment and base platform software, you
should be influenced by where the OO develop-
ment tools run best. The target execution envi-
ronment also affects the requirements for
compilers and build tools.

Other Factors in the Transition to 00

Other elements essential to successful object-
oriented development include education and
training, the development process, and the devel-
opment culture. Fundamental changes must occur
in how software development is done when tran-
sitioning to object-orientation.

The development culture reflects changes
experienced by the developers in the transition to
OOP. Some workstation-based tools that accom-
pany the OO development process are the most
leading-edge tools available today—often moti-
vating developers. On the other hand, tools used
for OO development are so different from tradi-
tional tools that they require new thinking by
developers. Discovering that you not only need
new tools, but also a new toolbox, can be very
frightening.

Integrating Tools with 00 Development
There are many different OO methods.
Although each method takes a different approach
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to development, there are similarities between
them. To define a toolset that supports the
methodology choices of a diverse set of develop-
ers, a method-independent development process
must be considered. A method framework lists
the steps performed during development. >° The
following steps characterize the assumptions
made by our team about the OO development
process.

[ Derive candidate classes and objects. This
step encompasses domain analysis to produce
candidate classes and objects. Refining and
building a design model is more productive
when candidate classes and objects are plenti-
ful. Getting candidate classes and objects
means understanding the problem domain and
the requirements. It means carefully communi-
cating with users of the system being built and
with others having domain experience.

[ Build and refine a design model of those
classes and objects. The specific notation
selected affects the exact name for this model,;
we call it the design model.

0 Build additional validation models to veri-
fy the evolving design. Proceed with this
step after a reasonable model of classes and
objects has been formulated. These methodol-
ogy-dependent models deal with more dynam-
ic and functional elements of the design than
the static model of the previous step. These
models view the design model differently and
help to validate and refine it.

[ Leverage existing classes, patterns, and
frameworks. Available class libraries are
leveraged to describe the design and enable
implementation. As details are added to the
design model and other models are generated,
the influx of components from the reusable
class libraries continues.

0 Develop the class interfaces. Creating the
code-level interfaces to the classes can be an
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additional verification step that may stimulate
changes to the design done in previous steps.

[ Implement the classes. Finally, probe the
design decisions that have been encapsulated
and left in the implementation. As implementa-
tions are written, additional small abstractions
will be extracted. As additional uses for the
component library are found, they should be
reflected back into the design model.

O Iterate through the steps until the design is
robust. Concurrency and iteration are inherent
in the OO process. Each step can begin after a
reasonable pass at the previous step has been
made. A truly incremental and iterative process
will take multiple passes through each step,
producing workable code at the end of each
pass. Second and succeeding passes will
require less time in the earlier steps and more
time in the latter, until a stable working system
is attained.

The nature of the activities in an OO method
framework require support from nontraditional
tools. Figure 1 illustrates these activities and lists
the kinds of tools that would be used to perform
them. All of these tools must be available and
integrated to support a large-scale object-oriented
development project.

00 Tools

Many types of tools are needed to support OO
development. Often, stand-alone products only
work in isolation; many are not built to effectively
support anything but small undertakings.

The following sections describe our tool
choices and the customizations necessary to
make the toolset both integrated and supportive
of large-scale development.

CASE Tools
CASE tools are essential to deploy OO technolo-
gy to a large project successfully. CASE tools that
support analysis and design are helpful in the
“Build Design Model” activity in Figure 1. They
also support constructing additional models that
validate the static model as shown in the “Build
Validation Models” in Figure 1. Some CASE tools
are optimized to one notation and method, while
other tools can be used for several method and
notation pairs.

The chosen CASE tool must not only support
generating the appropriate models, but must also

be integrated into the tools environment. Ideally,
the CASE tool would accomplish the following
objectives:

[0 Enable the developer to browse or edit the
code that a class diagram models directly from
the class diagram

[0 Load any code generated by the tool directly
into the Configuration Management (CM) system

0 Generate diagrams from the code in the CM
system

0 Enable multiple users to work on a set of
design models simultaneously

[0 Control the design data by using the same CM
and version control mechanism as the code

Besides integrating with the rest of the envi-
ronment, the CASE tool should have a minimum
set of additional characteristics:

[0 Scalable to support large projects in the thou-
sands-of-classes range

[0 Have an underlying dictionary to allow the
same entity to appear on multiple diagrams,
but be defined only once

[0 Check for semantic inconsistencies between
models and diagrams

CASE tools must work with the documentation
tools to easily generate the deliverables of devel-
opment process activities. This may require some
customization of the base CASE tool.

Variations on the Booch method were chosen
for most of our development work. While
methodology choice and application did vary, the
Booch notation was agreed upon as a common
documentation mechanism. When the project
began in early 1992, no commercially available
CASE tools supported Booch that met our
requirements.

We used Cadre’s® Teamwork® CASE tool that
supported traditional development as an interim
measure. Conventions were established and cus-
tomizations were made to allow developers to
build class diagrams and object diagrams using
the traditional models available in Teamwork.
When Rational ROSE™ became robust enough,
developers moved to ROSE, which better sup-
ported object-orientation’.
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00 Tools
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© Compiler

Figure 1. Object-oriented development—tool view

Our Customizations of CASE Tools editor to support class diagrams. Our users
We made the following specific customizations to required an option for building Booch-like
Teamwork: class diagrams. To make the data-dictionary

editor more user-friendly, we added a pull-
down menu that uses the SDE Work-
bench/6000-based editor to edit or add text to
the data-dictionary entries.

[ Class specifications. To tailor the Entity-
Relationship Diagram (ERD) editor to our
needs when working with class diagrams, we
redefined the data dictionary to be used for
Booch class specifications. [J Documentation. To obtain documentation for

. ) a design, we added a pull-down menu to
O Information model. We chose the ERD edi-

tor, also known as the Information Model (IM)
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retrieve all the notes and data-dictionary
entries for a diagram, then send this informa-
tion and the diagram to files that can be
embedded into an inspection package. This
enables the developer to obtain all documenta-
tion for a design with one menu command.

To translate class diagram information to C++
code files and to develop diagrams and code
together in an iterative process, we added to both
CASE tools the feature of bringing up an edit ses-
sion on a file that corresponds to a class on the
diagram. This is done by selecting a class on a
class diagram, then selecting either Edit Source or
Edit Header from a pull-down menu.

When this feature is integrated with SDE Work-
Bench/6000 and CMVC/6000, a search file (a spe-
cial local customization made to the CMVC/6000
environment that will be described later) finds the
file in CMVC/6000 when you select a class to edit
its header or source code. The ability to check a
file in and out of CMVC/6000 was added to the
editor’s pull-down menus.

Making the transition from Teamwork to ROSE
was simple since we could reuse much of the cus-
tomization. Developers demanded more support
for the Booch notation and the semantic checking
provided by Rational ROSE. To customize ROSE,
we ported the customizations for editing source
and header files. Supporting documentation
required additional work because the open inter-
faces to ROSE are not the same as in Teamwork.

When we moved to Rational ROSE, we needed
a mechanism to allow multiple users to access the
same set of design diagrams. Diagrams were
locked at the individual level with Teamwork.
Because ROSE does semantic checks across dia-
grams, it locks at the project level. Since this was
not acceptable for our purposes, we integrated
ROSE with our configuration management system,
allowing users to check out portions of a project
they are working on.

It was considered too large an investment for
us to add to ROSE the capability of generating
code from design models. Although customizing
CASE tools is difficult, it is not impossible, and
yields benefits to the developers. If CASE tools
are too hard to use, they will not be used, and
that leads to a whole different set of problems.

Class Browser

Reuse is key to the OO development process. A
class browser is used to understand the class
library and the system that is being constructed.
The “Leverage Existing Classes” in Figure 1 high-
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lights the key role of the class browser: to assist
in the search for existing reusable components
and to analyze other classes for possible inclusion
into the reuse library.

Integrating the class browser into the CM sys-
tem is essential to finding reusable classes that
emerge as the project proceeds.

Initially, we began using the C Set++ for AIX:
Source Code Browser. Users rejected this browser
after many attempts to adopt it for the following
reasons:

O This browser requires classes to be compilable.
It also requires a program to be written that
uses any classes that will be browsed, because
the compiler generates browser information.
Although this requirement originally sounded
harmless, we found that it made browsing
code under development or browsing new
code from an outside source very difficult.

O Since this browser offers a wealth of inform-
tion and our project is large, a single browser
session on all classes in the project is impossi-
ble to get running. Once it begins running, the
performance is unacceptable.

[0 Our users did not like the GUI to this browser,
so we developed our own browser. We pro-
duced a tool that did not exhibit the same
problems as described above. The new brows-
er was developed with considerable input
from our user community. One key reason for
the success of this browser is that it does not
try to do everything that the C Set++ for AIX:
Source Code Browser attempted to do. This
yields much better performance and requires
less from the user.

We may still use the C Set++ for AIX: Source
Code Browser after the project is completed and
in maintenance mode. It provides valuable infor-
mation about the overall program structure, the
use of classes, methods, and so on. This browser
has also matured significantly since our project
began.

Code Analyzer

The code analyzer tool analyzes the interface and
implementations written in the target language. It
typically looks for inappropriate or high-risk use
of language features. It should be tailored to
enforce local coding conventions. The code ana-
lyzer must be able to do the following:
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Prototyping tools
include tools for
creating user
interfaces,
requirements
validation, and

design exploration.

[0 Robustly parse and semantically understand
standard C++ code

0 Issue messages about source code that violates
coding conventions

0 Issue messages about source code that violate
the rules of good semantic C++ programming,
and warn about traps and pitfalls of the lan-
guage

O Issue messages about syntax errors

[0 Tailor analysis to your project’s standards and
conventions

0 Allow messages to be tailored
[ Turn off messages about included files

[0 Suspend analysis of certain messages directly
in the source code

Together with the CASE tools, the code analyz-
er is among the tools most closely integrated with
the development process. Our OO development
process shows that output from code analysis is
required in addition to reviewing the models that
are output from the CASE tools and the actual
code. The code analyzer, therefore, must easily
analyze a series of interfaces separately, or a
series of interfaces and associated implementa-
tions. This output must be easily integrated with
the documentation tools that are used to build
the various design packages.

Flexibility is another required characteristic of
the code analyzer. As coding conventions evolve
and additional rules of analysis are determined,
the analyzer must be easily modified to accom-
modate them.

Our project used a C++ code analyzer that we
developed locally to enforce minor conventions
such as naming, program structure, and so on.
We also used the code analyzer to help program-
mers avoid some of the traps and pitfalls of C++.
The analyzer was used to promote the use of C++
as an OOP language and to address considera-
tions of the execution environment of the code
being developed.

The code analyzer is a good educational tool
for less-experienced C++ programmers. But some
developers reject the “opinions” of such a tool
until they are burned in a significant enough way
to illustrate the importance of the analyzer.

Documentation Tools

Documentation tools must work together with the
CASE and CM tools. Depending on the vehicle
used to distribute and review the evolving
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object-oriented design, separate tools may be
necessary. The key is simple design packages,
versioning of design information, and flexibility in
providing the necessary outputs. It is essential
that developers focus on OO development rather
than document creation.

Another consideration is the possibility of
online verifications. Tools that make this easy will
encourage additional inspection of material and
can have a positive impact on the overall project.

Our project used traditional mainframe-based
documentation tools and augmented them with
diagrams from the CASE tools. Since generating
review packages is still a manual task in our envi-
ronment, each developer performed this task dif-
ferently, often leveraging some of the CASE tool
customizations that were described earlier.
Although some online design and code inspec-
tions occurred, traditional review meetings with
hardcopy material are still the norm.

Project Management

Project management tools assist in tracking
inspections and collecting data related to the
quality and productivity of the development pro-
ject. Tight integration to the development process
is required.

Dependency management capabilities are
essential in project management tools. The incre-
mental nature of the development process pro-
duces many dependencies. Understanding these
dependencies is key to managing OO software
development projects. The tools must provide
management with the necessary information.

Some tools were effective when used as
always, but others often required creativity in
adapting them to the new methodology. We con-
tinue to use traditional project management tools
because we considered supporting developers a
higher priority than improved project manage-
ment tools.

Prototyping Tools

Prototyping tools include tools for creating user
interfaces, requirements validation, or design
exploration. These tools should use the same lan-
guage and class libraries as the final product,
when possible.

No specific prototyping tool was available to
our developers, but AIX (the target execution
platform) has been used for prototypes. The soft-
ware being developed will ultimately execute on
another target, but AIX has been more conve-
nient during prototypical stages. AIX has better
debugging support than the project’s execution
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platform, and the tasks of linking and loading are
much simpler.

Language-Sensitive Editors

A language-sensitive editor can provide assistance
in reading and writing code and should be inte-
grated with the CM, debugger, compiler, and
CASE tools.

Our project uses the ez editor and related tools
from the Andrew Toolkit. This editor provides a
source view of C++ code that is knowledgeable
of the language and its syntax. The editor formats
different C++ constructs according to how the
developer chooses to view the source. The
source code editor is common between the CASE
tools, CM tool, code analyzer, compiler, browser,
and the debugger.

Class Library

A basic tool in the OO development environment
is a foundation class library that contains types or
classes that support basic data structures such as
lists, queues, and stacks. The library should be
optimized to the execution environments that are
being targeted. Many foundation class libraries
are available in the market today.

A GUI class library may also be necessary,
depending on the domain of the system being
built.

Our project has a foundation class library that
was retargeted for the project’s execution envi-
ronment. The library supports the same interfaces
for our prototyping and execution platforms.
Applicable frameworks were not available at the
start of the project. The development environ-
ment is currently being extended to better sup-
port development with frameworks.

Compiler

The compiler must be integrated into the CM and
the build system. Integration with the editor and
build system should support compile/next-error, a
feature that places the user in the correct position
within the source code when a compiler error
message is selected.

Translators from C++ to C were used in the
early stages of the project because no C++ com-
pilers were available to support the execution tar-
get. Today, we use a common compiler front-end
with support for multiple execution targets (to
allow for prototyping).

Debugger

An integrated source-level debugger is essential
for integrating the compiler, editor, and CM. The
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debugger must support object-orientation, not
just offer what traditional debuggers have offered
for years.

Our project used locally built debuggers to
support our execution target. No commercially
available debuggers support this target. Currently,
the debugger on our prototyping platform is bet-
ter than the debugger on the final execution plat-
form because of the graphical way that the
debugger on the prototyping platform displays
objects. As debugger work continues, this differ-
ence in debuggers should diminish.

Most projects should be able to leverage com-
mercially available debuggers, provided that they
are open and can be integrated with the rest of
the toolset.

Tool Integration Platform

The tool integration platform enables the integra-
tion of the rest of the tools described in this sec-
tion. Tool-to-tool communication allows different
tools to work together. Developers may look to a
single source for all the tools at their disposal.
The IBM AIX SDE WorkBench/6000 is an exam-
ple of this type of tool, which becomes necessary
because of the large number of tools and devel-
opers involved in a large-scale OO development
project.

We integrated many tools into a single tool
integration platform. Some tools required much
work, while others offered integration with our
platform as a feature.

We chose the IBM AIX SDE Workbench/6000
(Workbench/6000) to integrate tools. Each tool
in the environment is registered with Work-
Bench/6000, which facilitates tool-to-tool commu-
nication and keeps developers focusing on the
tasks of software development rather than the
underlying tools that make up the environment.
Developers do tasks necessary for development.
Tools are launched by the system that support
the tasks.

Three types of tools are involved in the Work-
Bench/6000 environment:

0 Tools shipped with SDE WorkBench/6000:
The basic tools shipped with the Work-
bench/6000 environment were modified to
meet our requirements for function and our
local preferences. First, we developed a
replacement for the Workbench/6000 Develop-
ment Manager (DM). This DM has more
function than the product version and is more
tightly coupled to our CM tool. Next, we
upgraded our local editor to support the
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necessary Editor Broadcast Message Server
(BMS) messages. This gave our developers
integrated support for the same editor that
they were using before the release of the
Workbench/6000-based environment.

[ Tools already integrated into SDE Work-
Bench/6000: Integrating this type of tool is
straightforward. Installation scripts normally
accompany the tool and update the control files
necessary to run the tool in an integrated mode.
For example, control information found in the
.softinit file and softypes directory is usual-
ly updated by these scripts. We use the Andrew
File System (AFS®) and have a global version of
these files that contain default values. We were
often forced to modify these scripts to accom-
modate our distributed environment.

0 Tools locally or vendor-developed that are
not integrated: These tools required the most
integration work. Vendor tools that were not
yet integrated were a problem. We were usual-
ly unable to support all of the BMS messages
required for a simple encapsulation because
we did not have the source code for the tools.
We defined a separate tool class for the class
browser and Teamwork CASE to support start-
ing the tool from either the Tool Manager or
Development Manager.

It was easier to integrate locally owned tools
because we controlled the source code. We inte-
grated these to provide a consistent view of the
tools development environment. Many develop-
ers were familiar with a consistent, integrated
toolset on a mainframe they had used in previous
projects. Having many tools with different user
interfaces and usage semantics is very confusing.
By integrating them, we could eliminate some
confusion. Educating developers about these
tools makes the transition easier.

Configuration Management

The CM system required for OO development is
very important. Many previously described tools
leverage the CM system to provide versioning
and check-in/checkout capability—both essential
in a large software project.

Object-oriented projects put pressure on the
CM system to support iteration and the structure
of an object-oriented system. This is necessary to
effectively manage the source code, design the
artifacts of the development process, and pro-
duce builds or drivers on a timely basis.

M BACK TO CONTENTS
/

Our project initially used a Workbench/6000
integrated version of Revision Control System
(RCS) called softrcs, but we quickly needed more
capability than this entry-level tool provided.
Migration to a customized CMVC/6000 gave us
more functions and enabled us to control access
to files and to structure our project so we could
continue to support a growing number of devel-
opers. We combined CMVC/6000 with AFS and
much add-on code to formulate our CM solution.

Before explaining the customization, a brief
overview of the file tree is necessary. Our project
worked with the hierarchical directory structure
and used directory names to provide partitioning
of the large amounts of data inherent in a project
of this size. A strong relationship exists between
directory names and the family—release and
component qualifiers required for CMVC/6000.
We architected the structure of the source file
tree to match the high-level architecture of the
system being constructed. This relationship
enables developers to navigate, and easily, or at
least methodically, find interfaces or implementa-
tions of the various classes that make up the sys-
tem. There are architected places for interfaces
that are exported from categories, highly reusable
components, and local scoped classes. This facili-
tates reuse and provides a structure to understand
the system.

Beyond this structure, the incremental devel-
opment process requires that various levels of
source code be worked on simultaneously. One
driver can be in a test phase, while another is
being coded, while yet a third may be in the
design phase. All will have active code. Reducing
developer confusion in this area and providing
flexible compilation options were key goals.

Locating the right file (header file or imple-
mentation) is a complicated task that must be
done efficiently. The compilation process and the
CASE tools require this searching capability.

Once the basic structure was in place, and
tools supported the movement and location of
code within this structure, the make-based compi-
lation model was modified to support the hierar-
chical structure and the various versions of source
code that might be required for doing builds.

A complex set of new tools was written so
developers did not have to deal directly with make
files, while also providing fast and intelligent build
capabilities that leveraged our distributed comput-
ing resources. Automated dependency analysis
also eliminated build failures due to inaccurate
information that might be supplied by developers
in make files. This required that we add support to
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Tool Evolution

Phase 3 Phase 4

ATK's ez ATK's ez

Internal tool Internal tool
(Prototype platform) (Prototype platform)
(Target platform) (Target platform)
Teamwork Teamwork

ROSE ROSE

(MV(/6000 (MVC/6000

Internal tool Internal tool
(Prototype platform) (Profotype platform)
(Beta for target) (Beta for target)
Internal tool Internal tool
(Prototype platform) (Profotype platform)
(Target platform) (Target platform)

( Set++ for AIX: ( Set++ for AIX:

Source Code Browser

Internal tool

Source Code Browser
Internal browser

Internal tool

Tool Category ~ Phase 1 Phase 2
Editor ATK's ez ATK's ez
Compiler Infernal tool Internal tool
(Prototype platform) (Prototype platform)
(Beta for target)
CASE Teamwork Teamwork
(Not integrated)
Library Control softres (MVC/6000
Debugger Internal tool
(Prototype platform)
Class Library Internal tool
(Prototype platform)
Browser ( Set++ for AIX:
Source Code Browser
Code Analyzer Internal tool

(Not integrated)

Figure 2. Phases of tool evolution

the basic CMVC/6000 product. Once completed,
we had a complicated, yet usable environment
that supports many developers.

Customization was critical to allow us to struc-
ture the files for developers to use while also
supporting large-scale compilation throughput
requirements necessary for doing full-driver and
user-oriented builds.

The Development Platform
The choice of the development platform—where
these tools run—is a key part of the OO develop-
ment paradigm. This choice is influenced by the
execution environments for the system being
built and by the availability of the various tools
on particular platforms. Our experience shows
that a high-powered workstation on each devel-
oper’s desk supported by a high-speed LAN is a
critical part of the infrastructure necessary for the
OO development process to be successfully uti-
lized. This environment and the associated tools
needed to support the OO development process
must be understood, planned for, budgeted for,
and appropriately integrated.

The next section describes which tools were
available as the toolset moved from a loosely
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bound set of independent tools to an integrated
OO development environment.

Tools Environment Evolution
The development environment evolved over time.
The resources to develop, acquire, and integrate
these tools were limited, so tools support was
offered on a just-in-time basis. The iterative nature
of the process, however, required that the toolset
become completely available very quickly. Figure
2 shows the development phases of the toolset.
Phase 1. This phase allowed developers to
design and code in a flexible environment. Some
developers were apprehensive about moving to
object-orientation and could not begin work until
there was some sign of a real compiler on the
execution platform. We delivered this to help the
early adopters of the project with their design
and prototyping. They also needed help in get-
ting more developers accustomed to OOP.
Phase 2. The second phase was based on
experiences and feedback from users of the first
toolset. Although more complete, this toolset still
lacked robustness, integration, and target support.
A compiler that worked on the final target plat-
form was necessary to show that the toolset
could support this project adequately.
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The object-orient-
ed paradigm has
great potential for
building high-
quality software
systems when it

is effectively
complemented
with an industrial-
strength tools

environment.

Moving to CMVC/6000 was also key in this
phase. It was important to reach the final code
repository as quickly as possible to reduce the
future costs of migration. The code analyzer, class
library, and class browser gave developers a com-
plete toolset. Although integration was still lack-
ing, getting these types of tools to developers was
important so we could assess their value to the
project and make our support and customization
investments wisely. Since this was our first very
large C++ project, some tools were not demanded
by the developers, probably because they were
unaware of them. It was our responsibility to
make them aware of as many tools as possible.

Phase 3. This phase delivered the Rational
ROSE CASE tool. Teamwork, with conventions
for Booch-notation diagrams, no longer met our
needs. As more developers moved from analysis
to design and code, we needed the additional
notation and function provided by ROSE.

The rest of the toolset was enhanced and inte-
grated based on problems we encountered as the
toolset was used. Simplifying the workflow asso-
ciated with the development activity was driving
enhancements in this phase.

Phase 4. This is the toolset we use today. We
are still working on the compiler’s optimization
capability. We have made performance improve-
ments, but the number of developers is also
increasing. Because of this, performance work
continues.

Future Directions

Use of the environment results in many sug-
gestions for improvement. As the focus shifts
from creating components to reusing them, the
tools environment will also have to evolve.

Incremental compilation. Technology exists
for incremental compilation and the requirements
for it are usually obvious. In an environment like
ours, it is a challenge to manage the information
model and data storage requirements for the
incremental compile scenario. We believe this
requires fine-grained object management capabili-
ties that are not yet available in OO tools envi-
ronments that support hundreds of users.

Frameworks. The use of frameworks is also
increasing. Framework development places
added requirements on many tools, such as
browsers, and requires additional types of tools
that are not in our existing environment.

CASE technology. A round-trip forward and
reverse engineering capability, properly integrat-
ed into the CM environment, can give more
power to developers.
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Formal measurements and tools. The met-
rics required for OO development are still not
crisply defined. Good progress, however, is being
made in this area, and the tools challenge will
soon be to gather and present these measure-
ments effectively.

Tighter integration between design tools
and the CM system. With the necessary tool
interfaces, the overall design of the system as
described in the design tools can be the basis for
organizing data in the CM system. The CM tool,
on the other hand, can also be the repository for
the design data. Our future goal is to keep all rel-
evant development data (design, code, metrics,
and others) in the same logical location in the CM
system. All must be versioned, found, reused, and
fed into the system build process.

Conclusion
Constructing and successfully deploying a devel-
opment tools environment for large-scale OO
development is a major undertaking, and requires
many different organizations to cooperate in
order to build the appropriate infrastructure.
Object-oriented technology can effectively
solve many small to medium-sized programming
problems. The concepts of object-orientation can
also be applied, with careful planning and invest-
ment, to the large-scale problems being solved by
the large software development organizations
prevalent in business today. The object-oriented
paradigm has great potential for building high-
quality software systems when it is effectively
complemented with an industrial-strength tools
environment. Customization for an organization’s
development needs will always be necessary, but
hopefully products will evolve to allow for easy
customization and integration.
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