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USING EXTENSIBILITY TO DELIVER FEATURES FASTER

case 7:
nf.Set(2, true, true, KCOMMA, KPERIOD);
break;
case 8:
nf.Set(2, true, true, KCOMMA, KPERIOD, KDOLLARSIGN,
NumberFormat: :kRationalNumberFormat);
break;
}
fGrid[fCurrentCell/fNCols][fCurrentCell % fNCols]->Edit();
// set the current cell to the appropriate format
fGrid[fCurrentCell/fNCols][fCurrentCell % fNCols]->SetFormat(nf);
// update it .
fGrid[fCurrentCell/fNCols][fCurrentCell % fNCols]->Update();

USING EXTENSIBILITY TO DELIVER FEATURES FASTER

These are all the modifications to the application required to support our new
rational number formatter. The application has added support for a new feature,
with no modifications to the framework and very few modifications to the user
interface code. A typical developer can develop this feature in a relatively short
amount of time.

Adding this feature to the original version of the application developed in
Chapter 8 would have been much more difficult and time-consuming. Clearly,
using a well-designed framework has a direct benefit as programs are enhanced
over time.
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CHAPTER 11

MAXIMIZING YOUR
FRAMEWORK BENEFITS

As you’ve seen, the benefits gained from developing frameworks are not
necessarily immediate: frameworks are a long-term investment. Underlying all
discussion of frameworks is the issue of time. Framework designers need more
time initially to create a framework than they do to create a procedural or class
library. Clients might need more time to learn to use a framework than is
necessary with a procedural or class library. “

Although writing your own frameworks has a number of benefits, you can get
even more leverage by using frameworks that are already available from other
sources, either internally in your own company or purchased from vendors who
design framework solutions. Consider the advantages and disadvantages in both
these approaches as you begin to work with frameworks.

WHEN TO DEVELOP, WHEN TO USE FRAMEWORKS?

When should you develop your own frameworks, and when should you use
someone else’s preexisting framework?

Consider writing your own framework if:

u No existing framework is available.
a You expect the framework to be reused.

u You expect the design requirements to change over time.
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On the other hand, if a developer has the appropriate domain expertise and
makes a framework available, consider using it if:

z The framework’s design fits your needs with little or no customization
required.

u You have confidence in the long-term maintainability of the code and in
support from the provider.

u The framework provider has done the necessary design work to ensure a
robust framework.

Frameworks are a long-term win: the cost of designing a framework is paid up
front, while the benefits accrue over time.

CREATING YOUR OWN FRAMEWORKS

Chapter g discusses the basics of developing a framework; Part 2 takes you
through the actual steps you need to create a framework. The following topics
discuss issues to consider when you build, release, and maintain your framework
as a product.

Explaining your Well-commented headers, complete documentation, and sample code are a

frameworks necessary part of any programming project, but they are especially important
when developing frameworks. As a framework developer, you have to provide
information so that your clients understand how to use the framework to
produce the solution they want.

Documenting your Make it clear which classes your clients can use directly, which classes they must

framework instantiate, and which classes and member functions they must override. Clients
want to know how your framework helps them solve their problems, so the details
of the framework implementation itself are not as important.

When you document your framework, include the following information:
u Diagrams of the framework architecture, including design patterns
u Descriptions of the framework
1 Directions for using the framework

& Limitations for framework use—what the framework does not cover as a
guide for customer extensions
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Including sample At a minimum, provide as many sample programs as possible. In the process of

programs developing and testing your framework, you’ll have to develop applications that
exercise your framework—often these applications can become the foundation
for a set of sample applications. Try to provide a variety of samples that
demonstrate how to use the framework in different contexts—a well-rounded set
of sample programs is invaluable for clients learning your framework and
essential if you do not distribute the source code for your framework. Consider
designing the sample programs so that they show a progression of the
architectural features of the framework.

Following common When more than one developer works on a software project, having a common

coding standards coding style becomes increasingly important. Using coding standards
consistently helps to make your frameworks more understandable and can help
address common design errors. Taligent has compiled lists of coding do’s and
don’ts in Taligent's Guide to Designing Programs: Well-Mannered Object-Oriented Design
in C++ (Taligent 1994). This book provides an excellent basis for developing
coding standards for object-oriented programming projects.

¢

Managing change Frameworks evolve, especially as your understanding of the problem domain
expands and the number of clients grows. However, once you release a
framework for client use, you need to limit the changes—a constantly changing
framework is difficult to use.

As a general rule, you should:

u Fix bugs immediately (clients can have difficulty working around a bug in
your flow of control).

g Add new features occasionally. Add new interfaces instead of redefining
existing ones.

u Change existing interfaces as infrequently as possible.

During the development of a framework, changes happen much more
frequently. However, once clients start using a framework, you might still need to
make changes that affect their work.

When you do update a framework, minimize the impact on your clients. It’s
better to add new classes instead of changing the existing class hierarchy and to
add new functions instead of changing or removing existing functions. On the
other hand, avoid bloating the framework with unnecessary classes

and functions.

Give your clients advance notice of framework updates and allow time for them
to adapt to the changes. One approach is to add the new and changed classes in
an interim release and flag the old ones with obsolete warnings. This way, your
clients are forewarned as to when classes they are using are going to change.
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Managing Projects can often be factored into a number of separate frameworks and

dependencies assigned to small teams. If it takes more than three or four developers to produce
a framework, decide whether the project can be split into a set of smaller
frameworks. Teams of two to four are also more effective than one developer
working alone, unless the single developer is both an experienced framework
developer and a domain expert.

Working with several small teams introduces additional management challenges:

o Developers focus on one aspect of a large project and might not understand
all the interrelationships and client implications.

w Architectural consistency must be maintained across teams. Determine
which frameworks can best store functionality across projects.

o Dependencies between frameworks can create bottlenecks.
To alleviate these problems, you can adopt several strategies:

n Appoint a project architect who maintains the “big picture,” ensuring that
the frameworks ultimately work together.

Establish and follow standard design and coding guidelines.

m Decouple the frameworks by isolating their interdependencies in
intermediary classes and, if necessary, provide libraries or classes, or
frameworks to tie them together.

Project architect Having a project architect on your team who is responsible for the overall design
integrity of all your software can help you keep control over your software. A
good architect has enough domain expertise to understand the specific technical
problems being solved by each framework, while still having a general
understanding of the team’s effort as a whole. The architect can enforce using
frameworks over many projects and encourage framework distribution.

If you are the architect for your team, stay focused on the big picture. The best
architects act as guides through the design process, leaving the details of the
design and implementation to the domain experts.

Isolate Often when one framework requires the services of another, the connection can

interdependencies be implemented through an interface or server object. Then, only one object is
dependent on the other framework. Until the other framework can support the
necessary operations, the intermediary class provides stub code that allows you to
test the dependent framework. Loosely-coupled frameworks are generally more
flexible from the client’s perspective as well.

For example, let’s say you're working on a database query tool, and you need to
use a communications framework to set up a connection to a remote database
across the network. The framework provides a class that represents a network
address, stream classes for reading and writing data, and various exception
classes that handle network errors. You could use the framework as is, using its
data types directly throughout your framework’s interfaces. The downside is that
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your framework’s interface is inextricably linked to the communications
framework—changes to that framework might break your interfaces, and you are
never able to use your framework on a platform where the communications
framework does not exist.

A better alternative is to provide an abstract class that addresses your framework’s
communication needs and to use that class within your framework. You can then
implement the abstract class (through a concrete subclass) using the
communications framework to handle the details. This allows you to use new
frameworks as they become available. If you later have to port your framework,
you can reimplement the class (as a different concrete subclass) using a different
underlying framework or library. ‘

At times it is appropriate to let your dependencies show through. For example,
an application’s user interface module that contains platform-specific user
interface code should use that platform’s facilities to the fullest extent, because
the portability and modularity issues don’t apply. Similarly, you can expose
external dependencies in a framework’s interface if you know that these
dependencies are unlikely to cause problems in the future.

You can use this same approach to isolate platform-dependent code or code that
accesses a particular applications framework. When you use different platforms
or application frameworks, you need to modify only an isolated piece of the
framework. This modification does not affect your clients. You can also use
intermediaries to access legacy data or nonframework services.

Publishing your To get the maximum benefit—reuse—from your framework, you must distribute

framework it to others who can use it. Whether you design your framework to use internally
or to distribute outside your company, treat it as a product from the start. In
addition to documenting the framework thoroughly, plan how to distribute and
support the finished product for both internal and external clients.

Consider publishing your framework outside your company. Weigh the
disadvantages against the advantages. One of the obvious disadvantages is that
you often must continue to provide support. But the advantages can outweigh
this factor. Widening the range of your framework’s use correspondingly widens
the range of feedback you’ll receive. This leads to more robust frameworks and
the opportunity to add features based on customer input. In addition, your
framework can be a source of revenue for your company.
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Distributing your
frameworks

Encouraging reuse

Encouraging feedback

Providing support

To ensure that other developers can use your frameworks, they need to know not
only that the frameworks exist, but also how to access them. You must establish a
a process for distributing your frameworks so that developers can use them.
Ideally, all frameworks should be kept in a central repository, with a repository
manager responsible for notifying clients about newly developed frameworks and
updates to existing ones. With a large enough repository of existing frameworks,
other developers can select the appropriate frameworks from which to build
when developing new applications.

There’s more to reuse, though, than merely making the frameworks available:
your organization must actively cultivate reusing frameworks. One way is to adjust
the recognition structures—encourage and support developers who write and
distribute frameworks that others can use. And, equally important, reward the
developers who use them. The following ideas can help promote reuse:

s Evaluate productivity based on client functionality implemented, instead of
using lines of code or other size-based metrics. The best implementation is
one that gets the most done for the client, and reusing a framework is a good
way to get a lot done with less effort.

= Maintain a repository of reusable code, and provide awards and/or
recognition to the developers of widely reused code.

Be sure to release your framework to your clients early in your iterative
development cycle, in time to incorporate feedback. Early feedback from
developers ensures that your design meets the needs of your clients. Take an
active role in encouraging feedback, and be sure that your clients know that
you’ll respond to their feedback.

To fully realize the benefits frameworks can provide, your organization should
commit the necessary resources to support its frameworks over time.
Developers will not use your frameworks unless you respond to problem
reports and feature requests.

Early in its creation, a framework requires routine maintenance to fix bugs and
provide new functionality. But framework support is not limited to bug fixing and
minor feature additions. Over time, even a well-crafted framework needs design
alterations to support client requirements as they change.

With frameworks, this is where the investment pays off. Over the lifetime of a
framework, the cost of supporting it actually becomes a benefit. The cost of
supporting one framework with three dependent applications is less than the
cost of supporting three independent applications with duplicate code. The
more applications using a framework, the bigger the savings. In the long run,
using frameworks can substantially reduce support and maintenance costs.
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REUSING EXISTING FRAMEWORKS

Reusing existing frameworks can make programming more productive and more
rewarding, because you can concentrate your efforts on adding value to the
application in your area of domain expertise instead of implementing your
application’s infrastructure. Before you can reuse frameworks effectively,
however, you must address several issues.

Learning overhead

You have to know how a framework works to begin writing software with it. You
need to understand what the various classes are and the functionality they
provide. You also need to understand how these classes interact with each other,
and what they expect from your code. Acquiring all this knowledge takes time.

If you start by learning the basics, and build your knowledge of the framework
incrementally, you can program and debug productively with that framework. In
addition, because much of the overhead comes from understanding in general
how frameworks work, learning how to use one framework can often help when
learning another.

Loss of flow of control

Preserving creativity

Programming using frameworks, as described by Dave Wilson (1994) has been
likened to the developer being inside a box, in the dark. Occasionally the
framework opens the lid of the box for a moment, yells something at the
developer such as “Draw yourself!” and then slams the lid shut. You do the
framework’s bidding, not the other way around.

The key to overcoming uncertainty in the “don’t call us, we’ll call you” world of
frameworks is to learn to think in terms of the responsibilities of objects—what
the objects are required to do—and let the framework determine when the
objects should do it. Once developers understand frameworks, they can begin to
realize the enormous advantages that framework-oriented programming can
deliver over other development approaches.

Getting over the loss of the flow of control is the single biggest stumbling block to
becoming an accomplished framework user. Some developers believe that
frameworks impose a particular canonical way of doing things, thus
compromising their creativity. It is true that frameworks require that code adhere
to their protocols (how else could a framework call your code?), but this misses
the larger issue—in return for orthodoxy at the statement and declaration level,
you are often given more power and flexibility at the design level.

The rewards of using frameworks, however, are considerable. By
relinquishing flow of control, you gain the potential for substantial reuse, a
large base of existing functionality, and the ability to focus on your problem’s
unique aspects instead of less relevant implementation details. As a
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Debugging

consequence, your overall code size is reduced, your time to market is
reduced, and your code’s reliability and usability is greatly increased.
Frameworks let you express your creativity where it makes the biggest
impact—in the form of radically new and powerful features.

Using frameworks that take over the flow of control can make debugging your
program more difficult. Unless you are familiar with the internal structure of the
framework, it is difficult to know how code was called inside the program.
Consequently, the program’s behavior is difficult to follow when debugging. Of
course, the better designed the framework, and the more knowledge you have of
its design, the less of a problem framework debugging becomes.

You can help alleviate this problem by becoming an expert at using your
debugger’s breakpoints. Setting a breakpoint on one of your own member
functions to see where and by which code it is called can be very informative.
Setting a conditional point on a member function so that it breaks only when
called for a certain object helps track down difficult problems.

Finally, having a high-quality source-level debugger, and especially a debugger
that understands objects, is of enormous benefit.

Coding overhead

Frameworks impose a certain amount of coding overhead: they require some
“boilerplate” code to support particular protocols. A minimal CommonPoint
application—the Taligent version of a “Hello world” program—works out to
about 200 lines of code.

Keep in mind that a CommonPoint system version of “Hello world” has more
features than a five-line version on a UNIX workstation. In the CommonPoint
system, even the minimal program offers features available to all CommonPoint
applications, including:

# Embedding compound documents

u Multilevel undo/redo

a Document saving and version control
Collaboration
Printing
Localization

@ B O

Hypermedia linking and traversal
= Windows, panes, menus, and screen support

If you are familiar with X Window System or Windows programming, estimate
the level of effort required by those systems to provide the same features as those
listed for a similar “Hello world” program.
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Overhead versus Developers typically don’t write trivial “Hello world” sorts of programs. What they

complexity write instead are complex applications that require multiple developers and a
significant investment. On conventional systems, these applications require
considerable design and coding. In the CommonPoint system, however, the total
amount of design and coding is greatly reduced, both because of the presence of
frameworks and because of the reuse that comes from components.

The CommonPoint system often requires a higher initial overhead to implement
any given component, but this is more than offset by combining components to
provide more complex functionality. As the complexity of the target application
increases, the cost on a CommonPoint system grows much more slowly than the
cost on a traditional system, despite the higher overhead at the beginning—at
some point early in the development process the two curves cross.

Traditional system

Overhead

» CommonPoint
7 Application
System

Complexity

LEARNING OVERHEAD VERSUS SYSTEM COMPLEXITY

Thus, despite higher initial overhead, the average cost per delivered
capability is much lower for the CommonPoint system than on other systems.
This cost differential is analogous to the time and cost it takes to setup a
production line versus doing custom work: while the production line is slower
getting started, once it starts to produce, it quickly beats the time needed to
create custom products.

In the CommonPoint system, think of the coding overhead required by the
frameworks as the cost of getting the production line built. Once a wide variety of
components are available, the production line can generate production-quality
applications in a fraction of the time required on a conventional system.
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Performance issues Performance can also be an issue when using frameworks, especially when a
generic framework is used to solve a simple problem. A generalized framework
always has more runtime overhead than a hand-tailored, single-use solution.
However, careful design and tuning of the framework minimizes these problems.
In addition, the extensibility of the framework pays off over time, as the program
gets larger. In fact, for production-quality programs (with, for example, more
than 25,000 lines of code), a framework-based program normally offers size and
speed benefits, because the overhead of the framework becomes less and less
significant as programs become larger.

ACCRUING FRAMEWORK BENEFITS OVER TIME

Frameworks are still a new concept, even for developers used to object-oriented
design and programming. Whether you choose to develop your own frameworks
or use those available through other sources for your programming solutions,
the productivity gains do not automatically follow the first or second use of the
technology. Frameworks provide the greatest gains in productivity through
multiple uses. The benefits from using and reusing frameworks are felt only over
time. Once developers and organizations understand—and experience—these
benefits, they accept frameworks as an important and usable approach to
software development.

Object-oriented technology, using frameworks in particular:

w Makes development faster once you've mastered the initial learning curve
Integrates maintenance into the iterative process of your development cycle
n Makes delivery and training easier

Frameworks take you a step beyond class libraries. Class libraries help one
programmer create one application program one time. Two programming teams
using same class library can create two application programs with similar design
and structure. But if the two teams both use the same framework, the two
resulting programs have very similar structure. These programs, based on a
common framework, are more likely to interoperate. The two programs can be
enhanced in similar ways over time. Members of one team can move to the other
team and be productive. Teams can write new programs to interact with the first
two. All this happens as a result of working with the framework—"“the common
DNA”—as the basis of the application.
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To maximize the benefits of developing with frameworks, consider how best your
projects and organization can use frameworks. You can take or combine two
approaches:

o Develop your own frameworks.

o Use existing internal or commercially-available frameworks.
If you choose to develop your own frameworks, treat the framework as a product
from the very beginning of the process:

u Develop the framework with good documentation.

u Use consistent coding standards.

o Design with methods to manage change.

u Manage your projects to use frameworks over a group of applications and
promote reuse throughout your projects.
o Release the framework to internal and external customers to get feedback to
improve the framework.
If you use available frameworks, consider how best to handle issues such as the
following:
n Education to minimize the learning curve
m Loss of control to the framework
n Complexity issues and coding overhead
o

Performance
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CHAPTER 12

INTRODUCING THE
CoMMONPOINT
APPLICATION SYSTEM

By now, you should have a sense of how reusing frameworks can help you create
more feature-rich, maintainable, and extensible programs more efficiently than
you ever could before. However, a survey of the marketplace shows that few
frameworks are available for purchase, except in the category of the GUI
application frameworks including Microsoft Foundation Classes (MFC), the
Borland Object Windows Library, and MacApp. '

Does this mean that you are going to be forced to design and implement all of
the frameworks you need by yourself? Fortunately, the answer is no. More and
more frameworks become available every day. Better still, the Taligent
CommonPoint application system includes nearly 100 frameworks, designed to
solve a wide variety of problems commonly faced by application and system
programmers.
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KEY BENEFITS OF THE
COMMONPOINT APPLICATION SYSTEM

To show you how powerful framework reuse can be, the following topics provide
a brief overview of the benefits, including breadth, depth, and extensibility of
services provided and the high-level structure of the CommonPoint application
system. For more details on the features of the CommonPoint system and the
philosophy behind its design, refer to the CommonPoint developer
documentation or to Inside Tuligent Technology (Cotter with Potel 1995).

Providing services

The CommonPoint system environment provides services that cover many more
areas of application programming than any preceding application system.
(Virtually everything in the system is handled via object interfaces.) In addition
to providing more extensive document-, view-, and command-handling
mechanisms than previous generation GUI application frameworks, the
CommonPoint system supplies object-oriented support for everything from
multimedia and graphics, to file and database access, and even tasks and threads.

The CommonPoint system offers not only object-oriented facilities for a broad
range of functionality, it also provides a great deal of depth in that functionality. -
The Data Access Frameworks, for example, are designed to communicate with
databases through a large number of standard protocols, including ODBC. The
Localization Services provide an unprecedented level of support for
international text formatting and editing. All the frameworks that comprise the
CommonPoint system are designed to work with as broad a range of existing
systems as possible.

System extensibility

Working with established systems is necessary, but it’s not enough. For a system
to be truly useful, it has to work with future technologies as well. CommonPoint
application system frameworks are designed to be extensible, fully leveraging
the capabilities of framework design. Furthermore, this extensibility is not
designed just for use by Taligent as it develops future versions of the system.
The system is purposely designed so that application developers and OEMs can

.also provide extensions.
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The CommonPoint system is a portable application system that lives on top of
and cooperates with many different operating systems, including AIX®, HP-UX®,
0S/2, Mac OS, Windows 95, and Windows NT. Because of the breadth and depth
of the CommonPoint system functionality, you can write most application
programs without making any calls to the underlying system’s APIs.
CommonPoint applications should port very smoothly to run on different
systems, furnishing developers with an easy and cost-effective way of managing
multiplatform software development.

A new user
interface paradigm

Bulletin board
notice

People in
this Place

The CommonPoint system design lays the foundation for a new user interface
paradigm, grounded in the People, Places, and Things® metaphor and focused
on Task Centered Computing™. CommonPoint applications are compound
document-based, enabling unprecedented support for collaborative computing.

11S (CECSS group)
REMINDER

In response to your suggestions to speed customer
senvice, two new enhancements come on-line today:

* Annotation and color coding

Incoming orders and service requests will be colorcoded
to highlight problems and sales opportunities. To speed
order processing, first address the highlighted aress, Use
the annotetion stationery to make product and process

improvements.,

Directed callrouting

Calls to Customer Senvice and Technical Support will be
routed to the Representstive who’s previously handled

the customer’s account. WeAe also enhanced the routing
system to recognize the product specialties listed in your

‘Who's here...

5

% 2 i ]
Martin Wong  Nicole Woolf Megan Berg

3

CurnnecEner

GARDEN SUFPLY CORF.

MEMORANDUM
8/17/98

L Customer Service Representstives

Martin wong

9  StationB4

10

11

12p Lunch

1 Consultation

Stetion B4

COMMONPOINT SYSTEM USER INTERFACE METAPHOR
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A TAXONOMY OF THE
COMMONPOINT APPLICATION SYSTEM

The CommonPoint application system offers the developer substantial breadth
and depth of programming functionality. At its highest level, think of the system
as providing two distinct sets of services: ‘

n Application Frameworks, used to create powerful, interactive applications.
u System Services, used to manipulate data, to communicate with other
computers, and to interface to the underlying operating system. These

frameworks insulate applications from the underlying operating system, thus
providing portability across platforms.

The following sections describe the frameworks available from Taligent in the
CommonPoint system: Application Frameworks and System Services.

Application
Frameworks

Embeddable Allow viewing and editing of complex data types, with full support for linking and embedding.
Data Types
Graphics Editing  Allows structured editing of graphical objects.
Framework
Text Editing Allows editing of text with full support for styles and languages.
Framework '
Document Data  Provides an embeddable document component that represents a database query and
Access its results.
Framework
Time Media Provides standard document parts that can be used to present video, audio, and other time
User Interface media data.
Framework v
Desktop Support the CommanPoint application model, including its user interface policy, its look and
Frameworks feel, and its compound document architecture.
Workspace Allows developers to create extensions to the Taligent People, Places, and Things
Framework user interface.

Presentation

Unifies a number of user interface and document model mechanisms, making it easier to

Framework create fully featured, document-based CommonPoint applications.
Document Provide a document model as the basis for data representation.
Frameworks

Shared Document Allows compound documents to be used in a collaborative
Framework ~ environment across a network.

Compound Bocument Supports active linking and embedding data from other documents.
Framework

Basic Document Supports the basic document architecture of the system, including
Framework storage and command processing.
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Application
Frameworks
(continued)

Desktop User Interface Support the creation and use of interactive user interface elements.

Frameworks Frameworks

(continued) Cursor Tools Support creation of generic cursor tools, which can be used to
manipulate many data types.

Dialogs Allow sets of user interface elements to be grouped together.

Clipboard Provides a mechanism for the user to store and retrieve data on the
clipboard, within or between applications.

Drag and Drop Provides an abstract protocol for direct manipulation of user
interface objects.

Windows Provide a set of basic window types and handle common window
management operations, including resizing, zooming, and moving.

Frames Provide a selectable, manipulatable frame around a view.

Controls Provide a wide range of interactive user interface elements, including

' buttons, scroil bars, and menus.

Views Provide a basic mechanism for dividing a user interface into a
hierarchical collection of views, each of which may have its own
coordinate system, transform, and buffering mechanism.

Actions Allow a handler to be notified when the user performs an action.

Input Provides a mechanism for converting user input into user
interface events.

User Interface Provide miscellaneous services for creating user interfaces, including

Utilities support for labels and decorations.

Application Support media- and data-handling services needed to create industrial-strength,
Services interactive applications.

Interoperability
Services

FOR WINDOWS AND 0S/2 DEVELOPERS

Allow CommonPoint applications to interoperate with other systems.

OpenDoc and OLE

Compatibility

Provides interoperability with OpenDoc and OLE.

Graphics Converters

Provide conversion of several industry-standard graphics formats
into the CommonPoint system graphics format.

Text Converters

Supports conversion of plain and styled text into the CommonPoint
system text format.

Data Translation

Framework

Provides a framework for data exchange with non-CommonPaoint
software.
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Application
Frameworks
(continued)

Application
Services
(continued)

Printing Supports platform- and printer-independent printing.
Document Printing  Supports the printing of CommonPoint documents.
Print Jobs Support user- and printer-customizable print jobs.
Basic Printing Provides a model for printing pages to a printer.
Printing Devices Provide a hardware-independent abstraction of a printer.
Scanning Provides an abstract mechanism for control of scanners.
Time Media Supports a rich set of time media data types.
MIDI Allows use of MIDI devices to produce and record music.
Audio Supports general sound production and recording facilities.
Telephony Allows voice communications to be integrated into
CommonPoint applications.
Video Supports video playback and recording.
Localization Support multilingual and localizable user interface elements and text.
Services Date and Time Supports language-sensitive conversion of dates and times into and
Conversion from a textual form.
Text Analysis Supports language-sensitive text collation, pattern matching, and
boundary searching.
Text Input and Output Supports transliteration, virtual keyboards, and other text
I/0 services.
Text Scanning Supports the reading and writing of numbers and other binary data in
and Formatting a textual form.
Locales Provide a hierarchy of archived resources localized for each
geographic region.
Text Supports styled, multilingual text data.

Line Layout Support for text direction, highlighting, and line-by-line display of
multilingual styled text.

Paragraph Styles Support paragraph styles, including indents and line spacing.

Text Styles Support for text styles, including fonts, sizes, positioning, and color.

Text and Style Provides basic support for storage of textual information, including

Storage styles, text ranges, and text positions.

Management

Character Sets Support Unicode characters and other character sets via transcoding.
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Application Application Graphics
Frameworks Services

Provide a rich set of services for modeling and rendering 2-D and
3-D graphics.

(continued) - (continued) 2-D Graphics Support 2-D graphics, including geometries, attribute bundles,
transforms, and high-level 2-D graphics objects.
3-D Graphics Support 3-D graphics, including geometries, attribute bundles,
transforms, and high-level 3-D graphics objects.
Colors Support multiple color spaces and color matching.
Font Support Provides font rendering support independent of font format.
Sprites Support bitmap animation.
Pixel Buffers Provide an abstraction for onscreen and offscreen pixel buffers.
Graphic Devices Provide basic capabilities for graphics device drivers, including
rasterization, device transforms, and color mapping.
Displays Provide an abstract display screen.
System Enterprise Provide a set of services that allow the CommonPoint application system to interoperate with
Services Services other computers distributed within an enterprise.
Data Access Allows data on local or remote databases to be accessed, queried, and modified.
Framework
Caucus Provides multicast communications facilities for collaborative applications.
Framework
System Supports administration of computers throughout the enterprise, including software
Management installation, system configuration, maintenance, security, and support.
Licensing Services  Provide an abstract software licensing mechanism to control
software use and distribution.
Authentication Provide an abstract authentication mechanism to help ensure
Services system security.
Messaging Provide store-and-forward messaging services independent of platform and protocol.
Services
Concurrency Provides basic transaction-processing services to ensure the consistency of data accessed by
Control and multiple tasks.
Recovery
Remote Object Provide a mechanism for invoking services of remote servers on CommonPaint and
Call Services non-CommonPoint systems.
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Foundation
Services

System
Services

Provide a fundamental set of object services that make it easier to wnte
object-oriented programs.

Notification

Provides a systemwide mechanism to propagate change information from one object

to another.

Identifiers

Provide several different methods for associating a textual name with other data.

Attributes

Provide a simple mechanism for associating names with arbitrary,
immutable data.

Properties

Provide a mechanism for storing collections of named data items,
with a powerful query mechanism that allows property collectlons to
be searched.

Tokens

Provide a lightweight wrapper for static text strings, allowing text
sharing and efficient comparisons.

Object Storage

Provides mechanisms to support the persistent storage of objects and the structuring of

objects in memory.

Archives

Allow collections of objects to be stored on disk and
retrieved individually.

Data Structures and
Collections

Allow objects to be organized into various kinds of type-safe and
efficient collections.

Streams and
Persistence

Provide a mechanism for converting a collection of objects into a
persistent, canonical byte-encoded stream for storage on disk or for
sending across a network.

Safe Pointers

Provides several kinds of special wrapper classes that make using
C++ pointers safer.

Testing

Provides a suite of tools and services to aid in the testing of objects.

Assertions

Provide a mechanism for asserting invariants in a program,
generating exceptions when these invariants are not met.

Test Framework

Provides a framework for executing, logging, and evaluating tests.

User Interface
Testing

Provides tools and services for driving the user interface of a
CommonPoint application from a test.

Utility Tests

Provide standard tests for common object behaviors, including
hashing and streaming.

Math and
Language
Libraries

Support the CommonPoint application system’s math and runtime libraries.

Numerics Provide a high-precision numeric environment, using a

CommonPoint-style object interface or the ANSI standard interface.
Standard C and C++  Support the ANSI C runtime libraries and the proposed ANSI
Libraries C++ libraries.
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System 08 Services Provide basic support for creating programs that work across a wide variety of host operating
Services systems and hardware platforms.
(continued)

Communications Support local and remote communications.

Directory Services  Provide a homogeneous view of the network’s name spaces,
including support for DNS, X.500, AOCE, and DCE.

Service Access Provides a mechanism for identifying and accessing
Framework network services.

Message Streams Provide a consistent mechanism for sending data between tasks on
local or remote machines, independent of the underlying protocol.

Protocols Support various standard communications protocols, including TCP/
IP, AppleTalk®, and Novell Netware.

File System Provides an object abstraction for manipulating volumes, directories, and files.

Time Services Provide a hardware-independent, customizable model of time.

Object Runtime  Support the CommonPoint application system’s object runtime.

Services
Memory Heaps Provide a multithread-safe way to allocate memory.
Exceptions Provide runtime support for G++ exceptions and a set of common
exception types for use by the CommonPoint application system.
Shared Libraries Provide a mechanism for packaging code and data into dynamically
loadable shared libraries.
Metadata Provides a mechanism for accessing information about the type of an -
object and allows dynamic instantiation of an object at run time.
* Microkernel Provide an abstract interface to the microkernel facilities necessary for the CommonPoint
Services application system to run, independent of the host operating system.

Tasks and Threads  Provide abstractions for creating and managing tasks and threads.

Interprocess Provides a mechanism for sending messages to tasks and threads on
Communication the local machine.

Synchronization Provide semaphores, monitors, and other services to synchronize
Services multiple tasks and threads.

Virtual Memory Provides a set of services that allow virtual memory segments to be
Management created and managed.

System Shutdown Provides a staged, well-defined protocol for shutting down the
CommonPaint application system.
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CHAPTER 19

CREATING AN APPLICATION
USING COMMONPOINT
FRAMEWORKS

Now that you’ve been introduced to the key features of the CommonPoint
application system, it’s time to see how easy it is to develop an application using
the frameworks provided by the CommonPoint system instead of the
framework we developed in Part 2. As you review the implementation of the

application, note that many of the details of CommonPoint programming have
been omitted because they go beyond the scope of this book. Instead, view the
sample code as a guide to the basic principles of CommonPoint programming
and compare the total program size and complexity with that of the samples we
developed earlier. When you consider how much extra functionality the
CommonPoint application provides, the advantages of reusing CommonPoint
system frameworks are evident.

“The application code shown in this chapter
was developed without the use of any
special development tools. Taligent has
several such tools, which can make
application development substantially easier
than we've shown here.

The first of these tools, cpConstructor™,
allows developers to create user interface
elements in a graphical editing
environment. gpConstructor stores user
interface elementsin fully localized
archives. If we had used epConstructor to
create the user interface elements of our
application, much of the window and menu
management code in the application would

the archived user interface ;,él‘ements,
greatly simplifying the application.
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have been replaced with code that accessed ‘

COmmonPOiht’s‘ystem development tools ease application development

The second of these tools, CodeAuthor,
generates the source code fora
CommonPoint application using a user-
interface archive created in ¢pConstructor

" as input. If we were to use CodeAuthor to

generate our application, the amount of

code we would have to write would drop tq

nearly none.

The third of CommonPoint’s development
tools, epProfessional™, is a full-featured, -
object-oriented development environment.

With true incremental compiling and
linking, turnaround times are much lower
than those of traditional development
tools. The ¢pProfessional browsers and
editors make the creation and modification
of C++ programs much easier. Although

using epProfessional would not have a

direct effect on the amount of code we'd
have to write for our application, it would
make the development process faster and

_ mare enjoyable.
‘These tools weren't used to create the

CommonPaint system version of the

- application because that would have made

the code so small and simple that it would

“~have made a comparison between the

CommaonPoint application and the Windows
or 0S/2 application meaningless. Creating
our CommonPoint application using C++
exclusively lets us see everything needed to
create a CommonPoint application.

If you create your own CommonPoint
application, these development tools -~
deserve a serious look. g
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NUMBER FORMATTING REVISITED

CommonPoint includes a number formatting framework which bears a close
resemblance to the framework we developed earlier in the book. Instead of
writing your own number formatting framework, you can use the Text Scanning
and Formatting Framework supplied with the CommonPoint application system,
saving yourself a great deal of effort.

The Text Scanning and Formatting Framework is more sophisticated than the
number formatting framework we developed in Part 2, so a brief overview of its
design is in order.

The Text Scanning and Formatting Framework’s protocol is as follows:

n
A TFOrni%ﬂabie . ‘ E"'LAWTForm‘atté’r,’f
A il;'.'ormatter scan or format
stances of formattable data. 2\

-——-{ TFgrméttatéléﬂ@ef:f;-; ¥ !4 ---------------- é AT ateTimeFormatter

—{ * TFormattableNumber [ S E[ A TNumberFormatter -

———{, fi'fdryr}:fattableféxt; : E
_____::f ; TEarahétérLisﬁ R STTETRRICLOREERS § ‘:T,Péi'amét,ewl':F‘Qr‘rﬁa’tfe‘

TeEXT SCANNING AND FORMATTING FRAMEWORK CLASS DIAGRAM
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TFormattable TFormattable classes provide a wrapper for a specific data type, allowing it to be
manipulated by the formatter for that type of data. Data types are provided for
numbers, time, text, and for lists of TFormattable parameters.

TFormatter TFormatter classes perform the actual conversions, with a specific TFormatter
subclass working with a particular type of TFormattable data. Several different
types of TFormatter subclasses are provided:

o TNumberFormatter is the abstract base class for classes that format and
scan numeric data, much like the number formatting framework we
designed in Part 2.

n TDateTimeFormatter is the abstract base class for a family of classes that
format and scan time data.

a TSimpleTextFormatter formats and scans text strings. It is used primarily by
the TParameterFormatter and TChoiceFormatter classes.

a TParameterFormatter takes a list of TFormattable data parameters and
formats them into text strings (or scans text strings into a list of data

parameters). This class is typically used to create variably-formatted strings
for the user such as:

As of <date>, <time>, there are <n> tasks remaining.

g TChoiceFormatter specifies a mapping between numerical values and a set
of strings or TParameterFormatter instances. It is typically used in
combination with TParameterFormatter to generate different forms of
a string:

There is 1 task remaining.

There are 5 tasks remaining.

TFormatResult TFormatResult classes return information about the conversion process, so that
the results of the formatting operation can be analyzed.
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Formatting numbers

with the Text Scanning

and Formatting
Framework

As previously mentioned, the Text Scanning and Formatting Framework provides
an abstract TNumberFormatter class used to scan and format numeric data. As
with the simple framework we designed, this class has a number of subclasses that
can format numbers a particular way. Unlike our framework, though, the Text
Scanning and Formatting Framework provides full support for Arabic, Han
(Chinese), and Hebrew numeric systems, and provides formatters that can
output numbers as roman numerals, outline labels, and more.

The class hierarchy of the number formatting classes is as follows:

| TFormattableNumber |

', " TNumberFormatResuit I
ATNumerals  J&—— A TNumberFormatter |- . » | TNumberScanResu
2
| TAdditiveNumberFormatter - | | TRationalNumberFormatter |
Z& { _TOutlineNumberFormatter - l |  TPositionalNumberFormatter
L THebrewVNuymEBérl;‘:brrfhattei; i {
“——‘i " THybridNumberFormatter I _ TUniversalNumberFormatter

?

|_THanNumberFormatte

NUMBER SCANNING AND FORMATTING CLASS HIERARCHY

As you can see, the breadth of formatting functionality provided is impressive,
and allows CommonPoint to support the full range of international markets.
This discussion concentrates on the details of the classes that are most relevant to
our application.
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u TNumberFormatter provides the ability to format and scan
TFormattableNumber data items to and from text. TFormattableNumber
stores the numeric information as a double.

u TPositionalNumberFormatter provides the protocol for formatting numbers
in a value-based system, where the total value of the number is determined by
the position and value of each digit. The decimal numbering system used is
an example of such a system.

o TFloatingPointNumberFormatter is a subclass of
TPositionalNumberFormatter and provides the ability to format floating-
point numbers into a decimal form, in either scientific or standard notation.

u TRationalNumberFormatter formats noninteger values as a ratio of two
integers (a fraction). Both proper (“3 5/8”) and improper (“29/8”) fractions
are supported.

Locales Another aspect of number formatting our framework did not address was the
ability to provide full support for multilingual applications. Although our
application does use the number formatting information correctly (for

example, currency symbol, thousands separator), it does so only for the current
location in use.

The CommonPoint system provides full support for multilingual applications via
a locale mechanism. A locale is a collection of objects that are localized for a
particular geographic region and is represented by a TLocale. The classes
provided by the Locale Services are shown in the following figure.

1 n - 1
TLocale et B TLocaleltem<AType>
GetRootlLocale Copyltem
Get/SetCurrentLocale
FindLocale - -
IsParentLocale ———®| TlLocalizableName

.Get/SetParentLocale : - :
GetChildLocales Get/SetLocalizedName
Gel/SetName Get/SetinternalName
CreateLocaleltemlterator § ! Get/SetDefaultName
ltemlsinherited '

: +
Trmeesees B TLocaleltemiterator H

TLocaleltemlterator iterates
over the items in a particular
locale, returning the name of
each item.

LLOCALE SERVICES CLASS DIAGRAM
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Each TLocale has a unique TLocalizableName object, which specifies the
internal name of the locale and provides a set of names for that locale that
have themselves been localized. These localized versions of the name can be
used to display the correct name for a locale to the user. For example, the
“English” locale’s name would be displayed as “Anglais” when accessed from a
French system.

Locales can contain any kind of object that you want to localize. Each item within
a TLocale is wrapped by a TLocaleltem object. You can use a
TLocaleltemlterator to iterate through all the TLocaleltem objects in the
TLocale or retrieve individual TLocaleltem objects from a TLocale by using its
internal name.

Each TLocale can, in turn, contain other TLocales. This allows a hierarchy of
locales to be maintained, with each level of the hierarchy representing an
increasingly fine-grained geographic region. The CommonPoint system always
provides a root locale, along with locales for each language, country, and time
zone supported by the system.

Locales effectively inherit items from their parents, so items can be placed in the
hierarchy at the appropriate level. Item inheritance allows us to build a complete
hierarchy without duplicating items within the locale hierarchy. Items in
sublocales override those in the parent with the same name. A sample locale
hierarchy is shown in the following figure.

S—

Root Locale |

| English ' French |
%’ @M

|

fl United States ; ;

l Pacific Standard;zt | Central Standard |
i Time Zone N | Time Zone

Gtz G i R

A TYPICAL LOCALE HIERARCHY
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You can access the root locale using the static TLocale function GetRootLocale,
and the user’s current locale can be accessed using the static function
GetCurrentLocale. You can find a particular TLocale object in the hierarchy by
calling FindLocale. Usually, you use the current default locale, because it
contains the formats the user expects to see.

The CommonPoint system’s locale hierarchy always contains certain items that
are needed for the system to operate. These items include the default text font,
default time and date formatters, and time zone information. More importantly
for our purposes, locales always include default currency and number formatters.
The code to access these default formatters is straightforward:

// Get the current locale
TLocale currentLocale = TLocale::GetCurrentLocale();

try {
// make a locale item
TLocaleltem<TNumberFormatter> numberFormatterltem;

// TDeleterFor automatically deletes the TNumberFormatter when it goes out of scope
// The call to Copyltem creates a duplicate of the default formatter for the current
// locale
TDeleterFor<TNumberFormatter> numberFormatter =
numberFormatterItem.CopyItem( TLocale::kNumberFormatID, currentlLocale );
}
catch (const TArchiveException&) {
// rethrow the exception, or create a number formatter by hand

}

Locales provide a powerful mechanism for multilingual application
programming.

FOR WINDOWS AND OS/2 DEVELOPERS



258 CHAPTER 13 CREATING AN APPLICATION USING COMMONPOINT FRAMEWORKS
DESIGNING THE APPLICATION

DESIGNING THE APPLICATION

Like most CommonPoint applications, our application uses the Presentation
Framework as a base for its user interface and document model. The
Presentation Framework is the CommonPoint framework most similar to more
traditional application frameworks such as MacApp. It makes it easy to create
compound document-based applications that follow the CommonPoint
application system’s user interface guidelines. Although a complete description
of the Presentation Framework is beyond the scope of this book, a brief
description can help you understand the implementation of our application.

At its simplest, creating a new application using the Presentation Framework
involves creating several different classes to represent our application:

w A model to represent the data of the document

u A presenter to create the windows and menus of the program

A view to allow the user to see and edit the data in the model

Taken as a whole, these classes comprise our application’s ensemble, as discussed
in Chapter 1, “A first look at frameworks.” We provide the classes that know what
a spreadsheet is, and the system provides everything else needed to create a full-
featured CommonPoint application.

This application does everything our original sample application did, and more:
among other capabilities, our spreadsheet data can now be embedded in another
document, and can also be printed; moreover, the application supports saving
and versioning of files. The following figure shows the sample application
running on the CommonPoint system.
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SAMPLE APPLICATION RUNNING ON THE COMMONPOINT SYSTEM

TSpreadsheetModel Our model object, TSpreadsheetModel, is very simple. Each cell of the -
spreadsheet is represented by a TCell object, which is described as follows:

class TSpreadsheetModel :

public:

public TModel {

// Provides boilerplate overrides needed by all TModel subclasses
ModelDeclarationsMacro(TSpreadsheetModel) ;

public:

virtual

TSpreadsheetModel();
~TSpreadsheetModel();

// These methods read and write the data of the object to a stream.

virtual
virtual

TStream&
TStream&

operator>>=(TStream& toStream) const;
operator<<=(TStream& fromStream);

// This method returns a selection over the whole model.
// It is used for embedding
virtual TModelSelection*CreateSelection() const;

// This method returns an iterator over the cells in the model in row order

TIteratorOver<TCell>*
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// grid size information accessors
unsigned short GetNumberOfRows () const;
unsigned short GetNumberOfColumns() const;

// methods to get cell at x,y and to tell the model the cell should be changed.

virtual TCell* GetCellAt(unsigned short row, unsigned short col) const;
virtual void CellChangedAt(unsigned short row, unsigned short col);
virtual void CellChanged(TCell* cell);
TSpreadsheetModel(const TSpreadsheetModel& source);
TSpreadsheetModel& operator=(const TSpreadsheetModel& source);
private:

// Even though we use a two-dimensional array to represent the spreadsheet
// to the user, its a one dimensional array internally.

TArrayOf<TCell> fCells;
unsigned short fNoOfRows;
unsigned short fNoOfColumns;

enum EVersion { kOriginalVersion };
};

TCell The data stored by the model is represented by a TCell. Each cell has a
TNumberFormatter and a floating-point data value. Accessor member functions,
called GetValue and SetValue, are provided for these fields.

class TCell

{
public:
TCell();
TCell(const TCell&);
virtual ~TCell();
virtual TStream& operator>>=(TStream& toStream) conét;
virtual TStream& operator<<=(TStream& fromStream);
TNumberFormatter* GetNumberFormatter() const; .
void AdoptNumberFormatter (TNumberFormatter* theNumberFormatter);
double GetValue() const;
void SetValue(double theValue);
private:
TNumberFormatter* fNumberFormatter;
double fValue;
enum Version { kOriginalVersion };
};
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TSpreadsheetPresenter The TSpreadsheetPresenter class is the core of our application. It creates and
maintains the application’s windows and menus, and it handles many of the
user’s actions. The key functions of TSpreadsheetPresenter are:

un HandleCreateMainView—Creates and returns the TSpreadsheetView that
users use to view and edit the cell data.

o CreateViewSubMenultem—Called by the Presentation Framework to create
our Format submenu so that the user can change formats for cells.

u HandleMenuAction—Called to respond to a click on one of our custom
menu items.

class TSpreadsheetPresenter : public TGUIPresenter
{
public:
TSpreadsheetPresenter(const TGUIBundle&);
TSpreadsheetPresenter(const TSpreadsheetPresenterd);
TSpreadsheetPresenter();
virtual ~TSpreadsheetPresenter();

TaligentTypeExtensionDeclarationsMacro(TSpreadsheetPresenter)

enum ENumberFormatType {
kAllDigitsMenultem, /] HHEE
kDigitDotDigitsMenultem, [/ % ###
kDigitsDotDigitMenultem, ]/ BHE.%
kDigitsDotTwoDigitsMenultem, [/ HE#H#E
kDigitsWithCommaDotDigitMenultem, [/ #,##E#
kDigitsWithCommaDotTwoDigitsMenultem, [/, #HE
kDollarDigitsDotTwoDigitsMenultem, /] SHEHE . H#
kDollarDigitsWithCommaDotTwoDigitsMenultem, // $#,###.##
kDigitsWithFractionMenultem /] #% H¥/#4

};

virtual TSubMenultem* CreateViewSubMenultem() const;

virtual TView* HandleCreateMainView(TGUIBundle*) const;
virtual void HandleMenuActivate(TMenu& theMainMenu);
virtual bool HandleMenuAction (TMenuAction& action);
virtual bool HandleViewAction(TViewAction& action);

private:
void CreateAndAdoptMenultem(
TMenu* menu,
ENumberFormatType numberFormatType,
const TStandardText menuText) const;

TFloatingPointNumberFormatter* CreateNumberFormatter();
TFloatingPointNumberFormatter* CreateCurrencyFormatter();
TRationalNumberFormatter* CreateRationalNumberFormatter();.

TSubMenultem* fgFormatMenu;
TTextControl* fCurrentTextControl;
TCell* fCurrentCell;
TFloatingPointNumberFormatter* fAnchorNumberFormatter;

enum EVersion { kOriginalVersion };
};
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TSpreadsheetView TSpreadsheetView is responsible for displaying the grid of spreadsheet cells. Its
implementation relies on a collection of TTextControl objects, provided by the
CommonPoint application system to handle the display and editing of the cell’s
text. TSpreadsheetView needs only to draw a border around the cells.

class TSpreadsheetView : public TDocumentComponentView

{
public:

TaligentTypeExtensionDeclarationsMacro(TSpreadsheetView)
TSpreadsheetView();
TSpreadsheetView(TGUIBundle*);

virtual ~TSpreadsheetView();

// creates the text controls that are used to edit cell contents

void CreateControlList(long numRows, long numColumns);

// returns an iterator over the controls in the view

TIteratorOver<TTextControl>* CreateControllterator();

virtual void DrawContents (TGrafPort&) const;

// These methods read and write the data of the object to a stream.

virtual TStream& operator>>=(TStream& toStream) const;

virtual TStream& operator<<=(TStream& fromStream);

private:
TSpreadsheetView(const TSpreadsheetView&);

TSpreadsheetView& operator=(const TSpreadsheetView&);

enum EVersion { kOriginalVersion };

TArrayOf<TTextControl>fControls;

}s :
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IMPLEMENTING TSPREADSHEETMODEL

Now that we’ve defined the classes needed for our application, it’s time to
implement them. The first class we’ll implement is TSpreadsheetModel, which is
one of the simpler classes in our application.

TModel boilerplate The first step is to handle a standard boilerplate needed by every
Presentation Framework-based application. This boilerplate is usually
created automatically by the CommonPoint system-specific development
tools such as cpProfessional, but we’ve shown it here because we’re writing
this application by hand. The ModelDefinitionsMacroOne declaration
implements the standard TModel functions originally defined by the
ModelDeclarationsMacro from the class definition.

ModelDefinitionsMacroOne(TSpreadsheetModel, kOriginalVersion, TModel);

Constructors and Next, we need to write the constructors, destructor, and assignment operator.

destructor The basic constructor creates the fixed-size grid of cells and stores them in the
model’s fCells array. The destructor reverses the process, deleting all the cell
objects. The copy constructor and the assignment operator are very similar; they
copy the cell data out of another TSpreadsheetModel.

TSpreadsheetModel: : TSpreadsheetModel ()

{
fNoOfRows = 8;
fNoOfColumns = 2;
for (int col=0; col < fNoOfColumns; col++)
{
for (int row=0; row < fNoOfRows; row++)
{
fCells.Add (new TCell());
}
}
}
TSpreadsheetModel: :“TSpreadsheetModel()
{
fCells.DeleteAll();
¥
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TSpreadsheetModel: : TSpreadsheetModel(const TSpreadsheetModel& source)
: TModel(source)

{
fNoOfRows = source.fNoOfRows;
fNoOfColumns = source.fNoOfColumns;

fCells.DeleteAll();

TDeleterFor< TIteratorOver<TCell> > iter = source.CreateCelllIterator();
for (const TCell* theCell = iter->First();

theCell != NIL;

theCell = iter->Next())

TCell *newCell = ::CopyPointer(theCell);
fCells.Add(newCell);

b

TSpreadsheetModel& TSpreadsheetModel::operator=(const TSpreadsheetModel& source)
{
if (&source != this)

{

TModel: :operator=(source);

}

fNoOfRows = source.fNoOfRows;
fNoOfColumns = source.fNoOfColumns;

fCells.DeleteAll();
TDeleterFor< TIteratorOver<TCell> > iter = source.CreateCelllterator();
for (const TCell* theCell = iter->First();

theCell != NIL;

theCell = iter->Next())

TCell *newCell = ::CopyPointer(theCell);
fCells.Add(newCell);
}

return *this;
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Streaming operators

Next, we need to implement the streaming operators for our model. The
CommonPoint system’s persistent object model requires these functions to be
written for any class that can exist across application sessions or be sent across
process boundaries. In general, all your objects should implement streaming
operators. In our case, the streaming operators read and write our collection of
TCell objects. The TCell streaming operators (implemented later in this
chapter) do all the work.

@ NoTE The streaming operators shown here use the global CommonPoint
system functions Flatten and Resurrect to write and read objects. These functions
know how to write objects polymorphically. We use them here because we want
the correct kind of TNumberFormatter object to be written and resurrected, and
there is no way to tell at compile time which subclass of TNumberFormatter (if
any) will actually be stored in our fNumberFormatter data member.

The code for our stream-out operator is as follows:
const VersionInfo kOriginalVersion = 0;
TStream& TSpreadsheetModel::operator>>=(TStream& toStream) const
¢ ::WriteVersion(toStream, kOriginalVersion);

TModel: :operator>>=(toStream);

fNoOfRows >>= toStream;
fNoOfColumns >>= toStream;

for (int col = 0; col < fNoOfColumns; col++)

{
for (int row = Q; row < fNoOfRows; row++)
{
TCell *cell = GetCellAt(row,col);
::Flatten(cell,toStream);
}
}

return toStream;
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Next we have the code for the stream-in operator, which reads everything back in
exactly the same order in which it was written using the stream-out operator.

TStream& TSpreadsheetModel: :operator<<=(TStream& fromStream)
{

::ReadVersion(fromStream, kOriginalVersion, kOriginalVersion);

TModel: :operator<<=(fromStream);
fCells.DeleteAll();

fNoOfRows <<= fromStream;
fNoOfColumns <<= fromStream;

for (int col = 0; col < fNoOfColumns; col++)

{
for (int row = 0; row < fNoOfRows; row++)
{
TCell *newCell;
::Resurrect(newCell,fromStream, TAllocationHeap(this));
fCells.Add (newCell);
¥
}

return fromStream;

CreateSelection

We’ll now need to implement the CreateSelection function. It returns a

TModelSelection that represents the entire model. We actually use a

prebuilt template class provided as part of the CommonPoint application to

do all the work.
TModelSelection* TSpreadsheetModel::CreateSelection() const
{
return new TGUIModelSelectionFor<TSpreadsheetModel>;
}
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Cell data accessors Finally, we reach the functions that allows the user interface to access and modify
the cell data. These functions are fairly straightforward. The only point we need
to emphasize is that any function that changes the data of the model must call
the inherited member function NotifyOfChange to tell the model that the data
needs to be saved.

TIteratorOver<TCell>* TSpreadsheetModel::CreateCelllterator()

{
return fCells.Createlterator();
}
unsigned short TSpreadsheetModel::GetNumberOfRows() const
{
return fNoOfRows;
}
unsigned short TSpreadsheetModel: :GetNumberOfColumns() const
{
return fNoOfColumns;
¥
TCell* TSpreadsheetModel::GetCellAt(unsigned short row, unsigned short col) const
{
return fCells.At((row*fNoOfColumns)+col);
}
void TSpreadsheetModel::CellChangedAt(unsigned short row, unsigned short col)
{
NotifyOfChange(TNotification(GetAllChangesInterest()));
}
void TSpreadsheetModel::CellChanged(TCell* cell)
{
NotifyOfChange(TNotification(GetAllChangesInterest()));
}

This is the complete TSpreadsheetModel class.
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IMPLEMENTING TCELL

TCell’s implementation is very straightforward because it is really just a container
for the cell’s number formatter and value.

Constructors and First we have the constructors and destructor. Note the use of the

destructor TaligentTypeExtensionMacro at the beginning of the class implementation,
which implements some special mechanisms needed by the Taligent
application’s object runtime.

TaligentTypeExtensionMacro(TCell);

TCell::TCell()
{
TFloatingPointNumberFormatter* floatingPointNumberFormatter
= new TFloatingPointNumberFormatter;

fvalue = 0.0;
fNumberFormatter = NIL;

// Get the current locale
TLocale currentLocale = TLocale::GetCurrentLocale();

try {
TLocaleItem<TNumberFormatter> numberFormatterItem;

fNumberFormatter = numberFormatterItem.Copyltem(TLocale: :kNumberFormatID,
currentLocale);
b
catch (const TArchiveException&) {
// rethrow the exception, but first create a basic formatter
fNumberFormatter = new TFloatingPointNumberFormatter;
throw;

}
TCell::TCell(const TCell& source)
fNumberFormatter = ::CopyPointer(

(const TNumberFormatter*) source.fNumberFormatter);
fValue = source.fValue;

}
TCell::~TCell()
{
delete fNumberFormatter;
}
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Streaming operators Just as we implemented streaming operators for TSpreadsheetModel, we must
implement them for TCell. The code itself is straightforward; we read or write
each of our data members using the stream provided by the system.

const VersionInfo kOriginalVersion = 0;

TStream& TCell::operator>>=(TStream& toStream) const

{
::WriteVersion(toStream, kOriginalVersion);
::Flatten(fNumberFormatter, toStream);
fValue >>= toStream;
return toStream;
}
TStream& TCell::operator<<=(TStream& fromStream)
{
::ReadVersion(fromStream, kOriginalVersion, kOriginalVersion);
delete fNumberFormat;
::Resurrect(fNumberFormatter, fromStream, TAllocationHeap(this));
fValue <<= fromStream;
return fromStream;
}
Number formatter Next, we have the functions that are used to access the number formatter
accessors associated with the cell. Note that to adopt a new TNumberFormatter, we delete

the old formatter first to prevent a memory leak.

TNumberFormatter* TCell::GetNumberFormatter() const

{
return fNumberFormatter;
}
void TCell::AdoptNumberFormatter(TNumberFormatter* theNumberFormatter)
{
delete fNumberFormatter;
fNumberFormatter = theNumberFormatter;
}
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Value accessors Next, we have the member functions that get and set the numeric value of the
cell. These functions are self-explanatory.

double TCell::GetValue() const

{
return fValue;
¥
void TCell::SetValue( double& theValue )
{
fValue = theValue;
}
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IMPLEMENTING TSPREADSHEETPRESENTER

Most of our application is implemented in TSpreadsheetPresenter.

Constructors and
destructor

As usual, the first thing to implement is the standard constructors and
destructor. Because we have several different constructors, the code common
to them has been broken out into a separate member function,
CreateControlList, which is as follows:

TaligentTypeExtensionMacro(TSpreadsheetPresenter);

TSpreadsheetPresenter: :TSpreadsheetPresenter(const TGUIBundle& bundle)
: TGUIPresenter(bundle)

{

fCurrentTextControl = 0;

fCurrentCell = 0;

fgViewMenu = NIL;

fAnchorNumberFormatter = CreateNumberFormatter();
3} .
TSpreadsheetPresenter: :TSpreadsheetPresenter()

: TGUIPresenter()

{

fCurrentTextControl = 0;

fCurrentCell = 0;

fAnchorNumberFormatter = CreateNumberFormatter();
}

TSpreadsheetPresenter: :TSpreadsheetPresenter(const TSpreadsheetPresenter& source)

: TGUIPresenter(source)

{
fCurrentTextControl = source.fCurrentTextControl;
fCurrentCell = source.fCurrentCell;
fAnchorNumberFormatter = ::CopyPointer(source.fAnchorNumberFormatter);
}
TSpreadsheetPresenter: :~“TSpreadsheetPresenter()
{
delete fAnchorNumberFormatter;
}

FOR WINDOWS AND 0S/2 DEVELOPERS



272 CHAPTER 13 CREATING AN APPLICATION USING COMMONPOINT FRAMEWORKS
IMPLEMENTING TSPREADSHEETPRESENTER

HandleCreateMainView

Next, we need to implement the HandleCreateMainView function. This function
is called when a new presentation is being created. It creates a TSpreadsheetView
objects, and then puts the TTextControl objects into the view.

TView* TSpreadsheetPresenter::HandleCreateMainView(TGUIBundle* bundle) const

{
TSpreadsheetView* contentView = new TSpreadsheetView(bundle);
const TModelPointerTo<TSpreadsheetModel> model(GetModelReference());
contentView->CreateControlList(model->GetNumberOfRows(),
model->GetNumberOfColumns());
contentView->SetAllocatedArea(TGRect (TGPoint(0,08), TGPoint(500, 340)));
return contentView;
¥
Menu creation and Next, we create the code to maintain our menus. Whenever the application is
maintenance activated by the user, the Presentation Framework calls the HandleMenuActivate

member function; whenever the application is deactivated, it calls the
HandleMenuDeactivate member function. Notice that we check to see whether
the format menu has ever been created before, and, if not, we call
CreateViewSubMenultem to create it.

void TSpreadsheetPresenter::HandleMenuActivate(TMenu& theMainMenu)

{
TGUIPresenter: :HandleMenuActivate(theMainMenu);
if (fgFormatMenu == NIL) {
fgFormatMenu = CreateViewSubMenultem();
theMainMenu.AdoptLast(fgFormatMenu);
¥
}

CreateViewSubMenultem creates the format menu. For each format we
support, it makes a menu item and adds it to the menu. Each menu item is
given a unique ID, so that we can tell which format to apply when the user
selects a format command.
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TSubMenultem* TSpreadsheetPresenter:: CreateViewSubMenultem() const

{

}

TMenu* formatMenu = new TMenu;

// #### Menu

CreateAndAdoptMenultem(formatMenu, kAllDigitsMenultem,
TStandardText ("####"));

// %.###% Menu

CreateAndAdoptMenultem(formatMenu, kDigitDotDigitsMenultem,
TStandardText ("#.###"));

// ###.# Menu

CreateAndAdoptMenultem(formatMenu, kDigitsDotDigitMenultem,
TStandardText ("###.4"));

// ###.## Menu

CreateAndAdoptMenultem(formatMenu, kDigitsDotTwoDigitsMenultem,
TStandardText( "###.#4#"));

// #,4%##.# Menu

CreateAndAdoptMenultem(formatMenu, kDigitsWithCommaDotDigitMenultem,
TStandardText("#,#4#.4"));

// #,###.## Menu

CreateAndAdoptMenultem(formatMenu, kDigitsWithCommaDotTwoDigitsMenultem,
TStandardText ("#,###.#4#"));

// S#H###.## Menu

CreateAndAdoptMenultem(formatMenu, kDollarDigitsDotTwoDigitsMenultem,
TStandardText ("S####. ##"));

[/ S#,###.## Menu

CreateAndAdoptMenultem(formatMenu, kDollarDigitsWithCommaDotTwoDigitsMenultem,
TStandardText ("S#,###. ##"));

// ## ##/## Menu

CreateAndAdoptMenultem(formatMenu, kDigitsWithFractionMenultem,
TStandardText ("## ##/##"));

return new TSubMenultem(formatMenu, new TTextLabel(TStandardText("Format")));

const TMenuDomainID gSpreadsheetPresenterDomainID("SpreadsheetPresenter");

void TSpreadsheetPresenter::CreateAndAdoptMenultem(
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TMenu *menu,
ENumberFormatType numberFormatType,
const TStandardText& menuText) const

TMomentaryMenulItem* newMenultem =
new TMomentaryMenultem(new TTextLabel(menuText));

newMenultem->SetID(numberFormatType);
newMenultem->SetDomainID(gSpreadsheetPresenterDomainID);
newMenultem->AdoptState(

new TMomentaryMenuActionControlState(menu, newMenultem));

menu->AdoptLast(newMenultem);
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HandleMenuAction We now implement HandleMenuAction, one of the most complicated functions
in our application. When the user selects one of the format commands, we
perform the following steps:

H Verify that the active cell contains a valid number.

If the number is in an illegal format, we need to handle the error. In this
application, we set the value to zero and continue, but a commercial
application would probably display an error dialog box.

H Create a new number formatter that matches the format the user wants.
Apply the new formatter to the active cell.
B Reset the text of the TTextControl associated with that cell.

bool TSpreadsheetPresenter::HandleMenuAction(TMenuAction& action)
{

bool handled = TGUIPresenter::HandleMenuAction(action);

if (!fCurrentCell)
return handled;

TNumberFormatter* theCellNumberFormatter;
TFloatingPointNumberFormatter* numberFormatter;
TRationalNumberFormatter* rationalNumberFormatter;

if (!'handled && (action.GetMenultem()->GetDomainID() ==
gSpreadsheetPresenterDomainlId))

handled = true;

switch (action.GetMenultem()->GetID())

{

case kAllDigitsMenuItem:
numberFormatter = CreateNumberFormatter();
numberFormatter->SetPrecision(0.5,
TPositionalNumberFormatter: :kRoundEven);

numberFormatter->SetMinFractionDigits(0);
numberFormatter->SetMaxFractionDigits(0Q);
theCellNumberFormatter = numberFormatter;
break;

case kDigitDotDigitsMenultem:
numberFormatter = CreateNumberFormatter();
numberFormatter->SetExponentPhase(1);
numberFormatter->SetUpperExponentThreshold (1E+1);
numberFormatter->SetPrecision(0.000005,

TPositionalNumberFormatter: :kRoundEven);

theCellNumberFormatter = numberFormatter;
break;
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case kDigitsDotDigitMenultem:
numberFormatter = CreateNumberFormatter();
numberFormatter->SetPrecision(0.5,
TPositionalNumberFormatter: :kRoundEven) ;

numberFormatter->SetMinFractionDigits(1);
numberFormatter->SetMaxFractionDigits(1);
theCellNumberFormatter = numberFormatter;

break;

case kDigitsDotTwoDigitsMenultem:
numberFormatter = CreateNumberFormatter();
numberFormatter->SetPrecision(0.005,
TPositionalNumberFormatter: :kRoundEven);

numberFormatter->SetMinFractionDigits(2);
numberFormatter->SetMaxFractionDigits(2);
theCellNumberFormatter = numberFormatter;

break;

case kDigitsWithCommaDotDigitMenultem:
numberFormatter = CreateNumberFormatter();
numberFormatter->SetIntegerSeparator(true);
numberFormatter->SetPrecision(0.05,

TPositionalNumberFormatter: :kRoundEven);

numberFormatter->SetMinFractionDigits(1);
numberFormatter->SetMaxFractionDigits(1);
theCellNumberFormatter = numberFormatter;
break;

case kDigitsWithCommaDotTwoDigitsMenultem:
numberFormatter = CreateNumberFormatter();
numberFormatter->SetIntegerSeparator(true);
numberFormatter->SetPrecision(0.005,

TPositionalNumberFormatter: :kRoundEven);

numberFormatter->SetMinFractionDigits(2);
numberFormatter->SetMaxFractionDigits(2);
theCellNumberFormatter = numberFormatter;
break;

case kDollarDigitsDotTwoDigitsMenuItem:
numberFormatter = CreateCurrencyFormatter();
theCellNumberFormatter = numberFormatter;
break;

case kDollarDigitsWithCommaDotTwoDigitsMenultem:
numberFormatter = CreateCurrencyFormatter();
numberFormatter->SetIntegerSeparator(true);
theCellNumberFormatter = numberFormatter;
break;

case kDigitsWithFractionMenultem:
rationalNumberFormatter = CreateRationalNumberFormatter();
theCellNumberFormatter = rationalNumberFormatter;
break;
}
fCurrentCell->AdoptNumberFormatter(theCellNumberFormatter);
¥
return handled;

}
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HandleViewAction HandleViewAction is the next function of the TSpreadsheetPresenter we need to
implement. This function is called whenever the user changes the focus from
one cell to another. We use it to keep track of the active selection.

bool TSpreadsheetPresenter::HandleViewAction(TViewAction& action)

{

bool handled = false;

TStandardText textInField;
TFormattableNumber formattable;
TStandardText formatResult;
TNumberScanResult scanResult;
MTextControlState* textControlState;
TNumberFormatter* theCellNumberFormatter;
TTextControl* textControl;

TCell* theCell;

unsigned short row = 0;

unsigned short col = Q;
TSpreadsheetView*theView = (TSpreadsheetView*) action.GetSender().GetView();

if (action.GetEventType() == TTextControlAction::kActivate)
{
TDeleterFor<TIteratorOver<TTextControl> > controllterator
= theView->CreateControllterator();
TModelPointerTo<TSpreadsheetModel> model(GetModelReference());

for (textControl = controllterator->First();
(row < model->GetNumberOfRows()) && (textControl != NIL);
row++)
for ( ; (col < model->GetNumberOfColumns()) && (textControl != NIL);
col++, textControl = controllterator->Next())
{
if (textControl->IsActive())

double num = 0.0;

if (fCurrentTextControl != 0)

{
// right now fCurrentCell is the previously selected cell.
textControlState = fCurrentTextControl->GetState();
textControlState->GetTextState(textInField);
TStandardText zeroText("0.0");

if (zeroText == textInField)

{
num = 0.0;
fCurrentCell->SetValue(num);
textControlState->SetTextState(zeroText);
model->CellChanged(fCurrentCell);

}

else

{

fAnchorNumberFormatter->Scan(textInField,
TTextRange: :GetMaximumRange(),
formattable, scanResult);
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TScanResult: :EScanResult confidence =
scanResult.GetConfidence();

if (confidence == TScanResult::kPerfect)
{

num = formattable.GetNumber();

fCurrentCell->SetValue(num);
theCellNumberFormatter =
fCurrentCell->GetNumberFormatter();
theCellNumberFormatter->Format(formattable,
formatResult);
model->CellChanged(fCurrentCell);

textControlState->SetTextState(formatResult);

}

else

{
num = 0.0;
fCurrentCell->SetValue(num);
textControlState->SetTextState(zeroText);
model->CellChanged(fCurrentCell);

}

}

// now we process the newly selected current cell.
textControlState = textControl->GetState();
theCell = model->GetCellAt(row,col);

num = theCell->GetValue();

if (num == 0.0)

{
textControlState->SetTextState(zeroText);
¥
else
{
formattable.SetNumber (num);
fAnchorNumberFormatter->Format(formattable,
formatResult);
textControlState->SetTextState(formatResult);
}

fCurrentTextControl = textControl;
fCurrentCell = theCell;
model->CellChanged(theCell);
break;

}
}
handled = true;
¥

return handled;

277



278 CHAPTER 13 CREATING AN APPLICATION USING COMMONPOINT FRAMEWORKS
IMPLEMENTING TSPREADSHEETPRESENTER

Creating number
formatters

In our formatting-menu handling code, we relied on three utility functions,
CreateCurrencyFormatter, CreateNumberFormatter, and
CreateRationalFormatter, to create the default number formatters for this locale.
These routines retrieve formatters from the current locale and return them to
the caller. The implementation of CreateNumberFormatter is as follows. The
other two functions have very similar implementations and aren’t shown here.

TFloatingPointNumberFormatter* TSpreadsheetPresenter::CreateNumberFormatter()

{

TFloatingPointNumberFormatter *numberFormatter = NIL;

// Get the current locale
TLocale currentLocale = TLocale::GetCurrentLocale();

try {
TLocaleltem<TNumberFormatter> numberFormatterItem;

numberFormatter = (TFloatingPointNumberFormatter*)
numberFormatterItem.Copyltem(TLocale
currentLocale);
¥
catch (const TArchiveException&) {
// rethrow the exception.
throw;

}

return numberFormatter;

: :kNumberFormatID,
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IMPLEMENTING TSPREADSHEETVIEW

TSpreadsheetView is the last class we have to implement. Once again, we begin
by defining the standard constructors and destructor.

TaligentTypeExtensionMacro(TSpreadsheetView);
TSpreadsheetView: :TSpreadsheetView(TGUIBundle* bundle)
: TDocumentComponentView(bundle)

{
}

TSpreadsheetView: :TSpreadsheetView(const TSpreadsheetView& other)
: TDocumentComponentView(other)

{
// this method has to exist even though it is a private, and views
// aren't supposed to be copyable.
::Assertion(false, "Can't copy TSpreadsheetView.");

) .

TSpreadsheetView: :TSpreadsheetView()
: TDocumentComponentView()

{

¥

TSpreadsheetView: :~TSpreadsheetView()

{
}
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CreateControlList CreateControlList creates our set of TTextControl objects.

void TSpreadsheetView: :CreateControlList(long numRows, long numCols)
{

TViewHandle viewHandle;

TStandardText initialText("0.0");

TStyleSet initialStyles;

initialStyles.Add(TTextColorStyle: :GetRed());
initialStyles.Add(TFontIdentifierStyle("TaligentSans"));
initialStyles.Add(TFontPointSizeStyle(18));

for (int col= 0; col < numCols; col++)
{
for (int row = @; row < numRows; row++)
{
TTextActionControlState* state =
new TTextActionControlState(initialText , viewHandle);

TTextControl* control = new TTextControl(state);

control->SetTextBorderThickness(1);
control->SetControlLayout(MControl::kLeftToRight);
control->SetEnabled(TRUE);
control->SetInitialTextStyles(initialStyles);

control->SetAllocatedArealnParent(TGRect(TGPoint (50 + 200 * col,
50 + 30 * row),
TGPoint (250 + 200 * col,

50 + 30 * (row + 1))));
fControls.Add(control);

DrawContents Next, we need to implement the DrawContents member function, which is called
whenever the view needs to be redrawn. DrawContents draws a border around
our grid of cells.

void TSpreadsheetView::DrawContents(TGrafPort& port) const

{
// Just draw a border
TGRect aRectangle (TGRect(TGPoint (50 , 50),
TGPoint (450, 290)));
port.Draw(aRectangle);
}
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SUMMING UP THE APPLICATION

This is all we needed to complete our application. It is surprising how little code
is required, and how much functionality the application gets in return. As we did
in Part 2, the following table lets us compare the size of the applications, in
classes, member functions, and lines of code.

Member Lines

Classes ‘ Functions of Code

Nonframework-based Windows application 4 64 1257
Framework-based Windows application 1 516 4724
CommonPoint application 4 44 1035

Note that our CommonPoint application has even fewer member functions and
lines of code than our original, nonframework-based Windows sample, while
providing a great deal more functionality.

Compared with the other versions of our application, it should be clear that:

a Using existing frameworks such as those provided by the CommonPoint
application system can make writing your applications a lot easier.

Framework-based programs get more done than conventional programs with
relatively little effort, once you learn how to use the framework.

u Development tools that work with frameworks can dramatically reduce the
amount of boilerplate code we need to write, providing additional
productivity gains over and above those already mentioned.
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Let’s review what we have worked on and what you have learned about
frameworks. We’ll take a look back at the issues that have come up in the book to
see where we stand with frameworks today, and we’ll look forward to see what the
future of frameworks might be.

FRAMEWORKS TODAY

Over the course of this book, we’ve covered the state of frameworks in the
software industry today. We’ve looked at:

m What frameworks are, and the advantages that frameworks have over
“traditional” object-oriented programming: faster development cycles,
increased leverage of domain expertise, improved design consistency, lower
maintenance overhead, and improved extensibility.

z The principles of good framework design, which you should follow whenever
you create your own frameworks. These principles can make a significant
difference in the quality of your framework designs.

a The do’s and don’ts of framework reuse and the ways to make the reuse
process work smoothly. Reusing existing frameworks is very different from
writing and using your own.

o When it makes sense to write your own framework instead of reusing an
existing framework. Making the right choice can be critical to the success of
your projects.

a The frameworks provided by the CommonPoint application system, showing
how a complete set of well-designed, reusable frameworks can be much more
than the sum of its parts.

If you’ve made it to this point, you should have a good understanding of what
frameworks are all about and how to take advantage of their power in your
own work.
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THE FUTURE OF FRAMEWORKS

Even though the CommonPoint application system provides a quantum leap
forward in using frameworks in the software industry, frameworks still have a long
way to go before they become an everyday part of sofware engineering.

Some possible directions frameworks can grow are discussed here.

& noTE  Although Taligent is working on growing its product line in many of
these directions, the following information does not constitue a product

announcement.
Frameworks as Class libraries are rapidly supplanting procedural libraries as the fundamental
fundamental building blocks for constructing software—a process that has been aided by
building blocks visual programming environments such as Microsoft’s Visual Basic. In the future,

it is likely that frameworks will supplant class libraries, because frameworks
provide developers with the same plug-and-play capabilities as today’s class
libraries, while allowing the developer to customize the framework.

Application systems Application systems such as the CommonPoint application system will continue
gain acceptance and to grow and mature, adding new frameworks and adding new features to existing
maturity frameworks. Because the majority of these new features can be added to the

application system while maintaining full compatibility, existing applications will
be able to take advantage of these features without recompiling.

Frameworks as Frameworks enable (but do not require) a new business model where the speed

products with which new solutions are delivered to the marketplace is dramatically
accelerated and where every player in the computing industry gains tremendous
advantage.

In this new business model, third-party developers can and will provide
frameworks that tackle specific product domains, in vertical markets and across
broad product categories.

One of the key factors enabling the frameworks-as-a-business model is the
inclusion of licensing mechanisms as a built-in feature of the application system,
which make it possible for developers to control the distribution and use of their
frameworks in a reliable way. The CommonPoint application system is the first
product to include these licensing mechanisms, although other application
system and OS vendors may eventually follow.
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Improving design
methodologies

Although the framework design techniques described in this book have been
well proven, they are not the final word on good framework design. As
framework technology matures in the marketplace, improved methodologies will
undoubtedly become available.

Improving design
and development tools

Patterns and
framework design

Developing object-oriented software, and in particular framework-based
software, poses special challenges to the developer. Managing an extensive
library of frameworks requires special tools that let developers find and use
frameworks more efficiently than they can with today’s development tools.

The Taligent cpProfessional development environment provides a powerful
object-oriented development environment designed to expedite framework-
based application development. Future versions of cpProfessional, along with
other advanced development tools from Taligent and other companies, will make
it possible to develop applications with even less programming and facilitate the
development and reuse of frameworks throughout a development organization.

Patterns can be very helpful in the correct design of frameworks. The book Design
Patterns: Elements of Reusable Object-oriented Software (Gamma et al. 1995) provides a
basic set of patterns that covers many of the patterns used in today’s frameworks.
As the knowledge of patterns throughout the software development world grows,
the library of patterns will undoubtedly improve, making it easier for developers
to design their frameworks right the first time.

In the future, development tools may provide more direct support for pattern-
based programming. Imagine a tool that allowed you to design your framework
by plugging prebuilt, pretested design patterns into your framework. Such a tool
would greatly speed the creation of domain-specific frameworks.

Frameworks and
component software

Component software is another emerging trend in the software development
arena. Component software allows applications to be created with little or no
programming by combining already-created software components. The
CommonPoint application system provides support for components, and
OpenDoc and OLE provide support for a more limited component model.
Future versions of CommonPoint will provide additional components for use by
custom software development, and Taligent and others will provide sophisticated
component-based programming tools.
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THE PROMISE OF FRAMEWORKS

Clearly, the future of framework-based programming holds a lot of promise.
Whether that promise can become reality depends on the efforts of software
developers such as yourself. Taligent is doing everything it can to help software
developers succeed with frameworks. We hope that you will consider using a
framework to solve your next big programming problem and that you will look
into using the CommonPoint application system as the base for your future
application development.
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APPENDIX A

READING NOTATION DIAGRAMS

The notation diagrams used throughout this book are designed to show the static
relationships between classes. These diagrams are selective about which classes
and relationships appear and do not always include all classes in a subsystem or
framework.

Notation diagrams use the following conventions to depict classes and
relationships.
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APPENDIX A READING NOTATION DIAGRAMS

Shaded boxes show classes that are the focus of
the diagram.

TClassName

Unshaded boxes show that a class is outside the focus
of the diagram.

The dot on the right side of the class box marks this class
as a developer—created class.

The C on the right side of the class box marks this class as
a convenience class.

The A symbol to the left of the name denotes an abstract
base class.

The triangle symbol indicates ClassB inherits from
ClassA.

The solid arrow indicates objects of ClassA own objects
of ClassB.

The dashed arrow indicates objects of ClassA maintain a
reference to objects of ClassB but do not own them.

The parentheses over the dashed arrow indicate ClassA uses
objects of ClassB but does not maintain a reference to them.

The plus symbol over the solid arrow indicates ClassA
creates and owns objects of ClassB.

The plus symbol over the dashed arrow indicates
ClassA creates but does not own objects of ClassB.

An n over the solid arrow indicates ClassA owns a
variable number of objects of ClassB.

An n over the dashed arrow indicates ClassA maintains a
reference to a variable number of objects of ClassB.

The envelope symbol over the dashed arrow indicates an
object of ClassB uses notifications from objects of ClassA.
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Notation diagrams show the member functions associated with a class.

TSample Class
bli b PublicFunction ) ] '
:gov'g dathed ino A AbstractPublicFunction Pure virtual functions
............... use the A symbol.
ProtectedFunction
betow cashedine *{ MemberGroup... vt an aioss
end with an ellipsis (...).
fPrivateDataMember
Private members -————/_[ ,

below solid line

The simple class diagram below shows an example of the notation.

TGrafBundle

%A'Meraphi(: e

| THouse o
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APPENDIX B

UsinGg THE CD-ROM

The CD-ROM that accompanies this book contains an interactive demonstration
of framework development, along with the binary executable and source code
for every version of the application discussed in this book.

USING THE INTERACTIVE PRESENTATION

The interactive presentation covers the development of a framework-based
spreadsheet application developed for the Microsoft Windows platform.

The steps you need to follow to view the interactive presentation vary depending
upon the operating system your personal computer is running. Refer to the
section that corresponds to your system.

Starting the To view the interactive presentation on Microsoft Windows, follow these steps:
presentation using B Insert the CD-ROM into your CD drive.

Microsoft Windows
We’ll assume that your CD drive is drive D:. If your CD drive has a different
letter, substitute the correct drive letter.

B Open the File Manager, and select the icon for drive D: from the icon strip at
the top of the File Manager window.

B Double-click the file PWRFW.EXE from the pane on the right side of the File
Manager window.

This runs the interactive presentation.
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Starting the To view the interactive presentation on IBM OS/2, follow these steps:
r;;ls%nst;lztmn using H Insert the CD-ROM into your CD drive.

We’ll assume that your CD drive is drive D:. If your CD dr1ve has a different
letter, substitute the correct drive letter.

A Click to open the OS/2 System icon, click the Drives icon, and then click the
Drive D icon.

The contents of the CD-ROM are displayed.
H Double-click the PWRFW icon in the Drive D window.

This runs the interactive presentation.

Using the presentation =~ When the presentation starts, you see a title screen with two buttons on it.
(Windows or 0S/2)

TITLE SCREEN OF THE INTERACTIVE PRESENTATION
When you click the About This CD button, a series of screens appears

explaining how the interactive presentation is put together. It also shows you
the legal notices.
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Designing the Framework

Inow curent g cmber Sting lay whhthe
class. Whike ha io
tthe trme, k poses a usm» msum rnmmmwsmm
Fomalable nuoer, v 1ot i
ow!«mamngromm ;
For our famevork, we vart later, wihout

aading a bunch of new ciassed. Thus, the heano(ou‘n\momx 15 & class thatknows. howm formata
umber acorain . whch e

i format data In spucti ways, For msum frx!emulzmg nmmasrmu»g
POl v vl reeda TFbanngPolmFovmmef

Click the right arrow to move through

| the presentation.

ﬂ"" -

A TYPICAL INFORMATION SCREEN

You progress through the screens by clicking the right arrow at the bottom of the
screen. Once you've finished reading the information in this section, you return
to the title screen.

& NotE Don’tbe concerned if your screen does not match the one shown here
exactly: the content of the interactive presentation may have changed slightly
since these screen shots were captured.

Now you’re ready to look at the rest of the presentation. Click the Exploring
Frameworks button on the right of the title screen. A menu screen similar to the
one shown below appears. You can click one of the buttons in the middle of the
screen to go to a specific section of the presentation directly, or you can click the
right arrow to move through the presentation one slide at a time.

Menu screen buttons.

T PP
L Making Frameworks
Waork for You

Analyzing Your
Problem Domam

A TYPICAL MENU SCREEN
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You can also click the PREVIOUS MENU button to return to the menu that
contains the section of the presentation that you’re currently viewing. If you click
this button repeatedly, you’ll eventually arrive at the top level menu screen.

The EXIT button exits the presentation.

At the bottom left, a status display labeled ...MORE... appears when you are
viewing one of a series of related screens. If you are viewing a single screen, or if
you are viewing the last slide in a series, the status area is blank.

Notice the buttons labeled DEVELOPING FRAMEWORKS, APPLYING
FRAMEWORKS, and LEVERAGING FRAMEWORKS. Clicking one of these
buttons takes you directly to the main menu of the corresponding section of
the presentation.

These are all the instructions you need to use the interactive presentation.

RUNNING THE SAMPLE APPLICATIONS

Binary executables are provided for each version of the spreadsheet application,
for both Windows and OS/2.

Microsoft Windows

The executables for the Microsoft Windows versions of the applications is found
on the CD-ROM in the following directories:

\POFSRC\WIN31
\POFSAMP1\  Contains the first, nonframework-based spreadsheet.
\POFSAMP2\  Contains the framework-based spreadsheet.

\POFSAMP3\  Contains the extended framework-based spreadsheet,
with support for rational numbers.
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To run one of these spreadsheet applications on Microsoft Windows, follow
these steps:
H Insert the CD-ROM into your CD drive.
We’ll assume that your CD drive is drive D:. If your CD drive has a different
letter, substitute the correct drive letter.

B Open the File Manager, and select the icon for drive D: from the icon strip at
the top of the File Manager window.

In the left pane of the File Manager window, select the folder that
corresponds to the application that you want to run, as listed in the table
above.

H Double-click the file SAMPLE1.EXE, SAMPLE2 EXE, or SAMPLE3.EXE,
depending on which sample you want to run, from the pane on the right side
of the File Manager window.

This runs the interactive presentation.

IBM 0S/2 The executables for the OS/2 versions of the applications is found on the
CD-ROM in the following directories:

\POFSRC\0S2
\POFSAMP1\  Contains the first, nonframework-based spreadsheet.
\POFSAMP2\  Contains the framework-based spreadsheet.

\POFSAMP3\  Contains the extended framework-based spreadsheet,
with support for rational numbers.

To run one of these spreadsheet applications on OS/2, follow these steps:
H Insert the CD-ROM into your CD drive.

We’ll assume that your CD drive is drive D:. If your CD drive has a different
letter, substitute the correct drive letter.

B Click to open the OS/2 System icon, click the Drives icon, and then click the
Drive D icon.

The contents of the CD-ROM are displayed.

B Double-click the icon labeled SAMPLE1, SAMPLE2, or SAMPLE3,
depending on which sample you want to run.

FOR WINDOWS AND 0S/2 DEVELOPERS
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USING THE SPREADSHEET SOURCE CODE

You can browse the source code for the various versions of the spreadsheet
application.

Microsoft Windows The source code to the Microsoft Windows versions of the application is found
on the CD-ROM in the following directories:

\POFSRC\WIN31

\POFSAMP1\  Contains the first, nonframework-based spreadsheet.
\POFSAMP2\  Contains the framework-based spreadsheet.

\POFSAMP3\  Contains the extended framework-based spreadsheet,
with support for rational numbers.

You can view the source code files using any text editor or development
environment, although the files are intended to be used with the Borland
G++ 4.5 development environment.

To compile the spreadsheet application on Microsoft Windows, follow
these steps:

Copy the source code directory (or directories) you want to compile to your
hard drive (usually Drive C).

If you have not already done so, start the Borland C++ development
environment.

From Borland C++, choose Open Project... from the Project menu.

In the dialog box, navigate to the directory to which you copied the source
code files, and open the file that has an .IDE suffix.

Choose Project... from the Options menu.

Modify all the include, library, and binary directory paths to point to your
copy of the source code directory.

Click the Make and Run icon on the toolbar (the lightning bolt), or
choose Make all from the Project menu, and then choose Run from the
Debug menu.

The application is compiled, linked, and run.
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1BM 0S/2 The source code to the IBM OS/2 versions of the application is found on the
CD-ROM in the following directories:

\POFSRC\0S2
\POFSAMP1\  Contains the first, nonframework-based spreadsheet.
\POFSAMP2\  Contains the framework-based spreadsheet.

\POFSAMP3\  Contains the extended framework-based spreadsheet,
with support for rational numbers.

You can view the source files using any text editor or development environment,
although the files are intended to be used with the IBM C Set ++ 2.1
development environment.

To compile the spreadsheet application on OS/2, follow these steps:

Copy the source code directory (or directories) you want to compile from
the CD-ROM to your hard drive (usually Drive C).

B Open an IBM C/C++ Tools 2.01 Window.

B Change directories to the directory on your hard disk that contains the
example that you want to compile.

A Edit the batch file, called S1.CMD, $2.CMD, or $S3.CMD, depending on
which version of the spreadsheet you are working.

B Edit the directory paths to point to your source code directories.

@ To build the application, run the batch file by typing S1, S2, or S3,
as appropriate.

Once the application has been compiled and linked, you can execute it by
typing SAMPLE1, SAMPLEZ2, or SAMPLES, as appropriate.
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RECOMMENDED MATERIALS
FOR FURTHER READING

The experiences of other developers are a great source of information and
inspiration—you should read about what other groups are doing, as well as
publish articles about your own endeavors.

This section includes standard object-oriented design references and new
publications and articles about frameworks from a variety of sources. Many of the
examples included in this book are based on information obtained from the
articles listed here.

For more information about reading resources, see the Taligent home page on
the World Wide Web (http://www.taligent.com). Taligent provides a list of
recommended resources in the document, “Object Technology Resources,”
available from the home page or directly from Taligent.
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(GLOSSARY

abstraction

The process of extracting the essential characteristics of a problem and its
solutions to develop a framework composed of interrelated objects. Each
object should represent a single variation of an abstraction and have a
small, focused set of responsibilities.

black-box framework

A metaphor for a framework whose inner workings are concealed from
the framework client. Such frameworks are designed to be used as-is and
do not expose an API for extending the framework.

COMPARE  white-box framework

SEE ALSO  composition, inheritance

callback

A function or procedure that the framework executes atsome pointin the
flow of control. Callbacks are passed to a framework to customize the
behavior of the framework.

SEE ALSO functor

class

A data structure that serves as a pattern for the creation of objects. A class
can be thought of as a programmer-defined type, in which you specify the
data members and the member functions of objects belonging to the
class.

class library

A collection of one or more classes that implement an area of
functionality. Programmers use a class library by instantiating its classes
and invoking their methods.

COMPARE framework

client API

FOR WINDOWS AND 0S/2 DEVELOPERS

The part of a framework’s interface that allows a client to access the
default behavior of the framework and use the framework without
changing its fundamental internal operations.

COMPARE  customization APl
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GLOSSARY

command

In user interfaces, an instruction to a program from the end user that
causes an action to take place. The user can choose the command from a
menu, type it from the keyboard, or execute it from a button.

component

A discrete software entity that can be interactively combined with or
connected to other elements to create a custom software solution. In the
CommonPoint system, the key programming abstraction for data-
centered applications is the embeddable component—a special type of
ensemble that can be integrated with any compound document.

SEE ALSO ensemble, module

composition

A technique for using frameworks in which the developer instantiates and
combines existing classes to change the framework’s behavior.

COMPARE inheritance

convenience class

A specialized class that provides domain-specific functionality.
Convenience classes are often simple, concrete implementations of
abstract base classes and are normally designed to be used directly.
Frameworks often provide convenience classes as shortcuts for framework
clients.

coupling

The interdependencies among frameworks and between frameworks and
ensemble code. When these interdependencies are isolated in
intermediary classes, frameworks are described as loosely-coupled.
Because dependencies can create bottlenecks and result in fragile code,
frameworks should be loosely-coupled wherever possible.

customization API

The part of a framework’s interface that allows a client to alter the
behavior of the framework by replacing parts of the framework
implementation.

COMPARE  client API

data abstraction

The process of representing information in terms of its interface with the
user and defining new data types for these representations. Abstraction
separates the external behavior of an object from its internal
implementation. In C++, classes support data abstraction.

decomposition

SEE  factoring

design pattern

A microarchitecture for a recurring element in an object-oriented design.
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encapsulation

The protection of the attributes and behaviors of an object from direct
access by other objects. Typically, an object’s structure and its member
function implementations are not exposed. Through encapsulation, a
program’s data and functionality are confined within individual objects
instead of being scattered throughout the code. Also known as information
hiding or data hiding. '

ensemble

The developer code that captures the specifics of a particular software
solution based on one or more frameworks. The domain knowledge,
expertise, rules, and policies provided by the developer form the
ensemble. Together, the ensemble and the frameworks form the
application (or part of a larger application) that solves the specific
domain problem.

COMPARE framework

factoring

The process of breaking down a problem into a set of discrete
subproblems and determining which of those problems can be solved by
creating new frameworks. Also known as decomposition.

framework

A group of interrelated classes that provide a structure for solving a set of
related problems. A framework abstracts the essential entities, state, and
behavior in its problem domain. It provides key mechanisms, defines the
interaction protocols for key scenarios, and encapsulates and enforces
fundamental invariants. Programmers can use, extend, or customize
frameworks for specific computing solutions.

COMPARE  class library

functor

An object with one significant function that is executed by the framework
at some point in the flow of control. Functors are passed to a framework
to customize the behavior of the framework.

SEE ALSO  callback

helper class

A class that provides a behavior used by one or more other classes.

information hiding

SEE encapsulation

inheritance

FOR WINDOWS AND 0S/2 DEVELOPERS

A technique for using frameworks in which the developer derives new
classes to change the framework’s behavior. Inheritance-focused
frameworks typically manage the flow of control by calling specific
functions overridden by developers.

COMPARE  composition
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GLOSSARY

instance

An occurrence of an object.

SEE  object

invariant

Part of a solution in a particular problem domain that remains constant
from one problem to another. Such invariants can be captured in a
framework, providing a shared protocol for solutions in that domain.

SEE ALSO framework

locale

A collection of all the preferred objects for a particular geographic
region. These include number, date, and time formatters, keyboard
layout, and language-specific text processing objects.

localization

The process of preparing a product for release in a particular geographic
region by tailoring it to conform to the local language, customs, and
conventions.

modularity

The property of a system in which abstractions have been packaged into
discrete units to facilitate the independent design and revision of
different parts of the system.

module

A discrete unit that represents part of a system or application.

SEE ALSO  modularity, component

multiple inheritance

The ability-to derive a class from more than one base class. Multiple
inheritance allows you to combine independent concepts, represented as
classes, into a composite concept represented as a derived class.

object

A representation of an entity in terms of its attributes (the data it can
contain) and its behaviors (the operations it can perform on that data).
An object can represent a programming entity such as a pushdown stack
or a window, or it can represent an abstraction of a real-world entity such
as a chess piece or a rectangle. An object is an instance of a class.

override

Replacing a member function inherited from a base class with a member
function of the same name in a derived class, typically to change or add to
the behavior.

parameterized type

SEE template

polymorphism

The mechanism by which objects of different classes related through
inheritance respond uniquely to the same member function call.
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selection

A specification of a set of data elements that can be acted upon by a
command.

template

In G++, a class defined to have a parameter of unknown type. The types of
the parameters are supplied when an object of the class is instantiated.
Also known as generic or parameterized type.

white-box framework

A metaphor for a framework whose inner workings are exposed through
an API that allows framework clients to extend the framework and modify
its behavior.

COMPARE  black-box framework

SEE ALSO  composition, inheritance

wrapper

FOR WINDOWS AND 0S/2 DEVELOPERS

An encapsulator for another object; the wrapper makes the object
accessible to, or usable by, other objects.
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SUBJECT INDEX

A applications

) analyzing a simple, 27-31
About This CD button, 294 comparing size, 281
abstract class, 283

. compound document-based, 258
abstracting common elements, 49 creating without frameworks, 11
abstractions

. designing, 258-261

.break'lng down large, 5o initializing, 71

%dentlfymg,' 50 _ localization, 64

1r_nplement1ng as.objects, 50 using frameworks, 10-16
adding new features, 231 Applying Frameworks button, 296
advantages of frameworks, 17

- " architectural consistency, 232
analyzing problem domain, 49 array of pointers to NumberCells, 150

API . avoiding lexical cycles, 53
client, 15
composition-focused, 41
customization, 1§ B
inheritance-focused, 41
. 4 benefits
matrix, 42

CommonPoint application system, 242
frameworks, 238
frameworks (0S/2), 211
frameworks (Windows), 128
benefits of frameworks, 17
binary frameworks, g5
limitations, g5
Binary-Coded Decimal (BCD), 100, 184
black-box (use-as-is) frameworks, 15
boilerplate code, 236
boilerplate, TModel, 263
Borland ObjectWindows Library (OWL), 66
breakpoints, 236
buffer, 104
builders see application builders

routines, 64
application builders, 34
application design issues, 6365
Application Frameworks, 245, 246, 247
application frameworks, 23, 66
Application Frameworks in the CommonPoint application
system, 244—24%7
application generators, g4
application layer for Presentation Manager, 148
application programming interface see API
application systems, 284
application-defined formatting messages, 82
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C

C++ stream package, 63
C/C++ functions, 63
callback procedures, 156
callbacks, g7
example, 37
calling example of ensemble code, 39
capturing domain expertise, g
CD-ROM
Microsoft Windows version, 296
using, 293-299
with application, 67
cells
formatting, 62, g1
maintaining the currently selected, g1
updates, 125
updating the display of, 94
changes in framework interfaces, 54
class hierarchy
number formatting, 185
of spreadsheet classes, 73, 149
class libraries, 4, 6, 238, 284
interoperability limits, 6
learning overhead, 6
limits to reuse, 6
overhead, 6
classes
application-specific, 39
minimizing the number of, 52
reusing, 152
client API, 15
client expertise, 10
client feedback, 234

client-framework interactions, designing, 52

clients’ interactions, simplifying, 52
close event, 166
code
calling, 43
designing less, 1%
implementing less, 17
platform-dependent, 233
reducing amount to write, 52
reuse, 6,17, 235—238
working with frameworks, 44

code generation
macro expansion, 34
parameterized types, 34
source code delivery, 34
tool, 34
CodeAuthor development tool, 251
coding
overhead, 236
versus complexity, 2347
standards, 2g1, 232
collaborative computing, 243

* column array, 150

combining components, 237
commas separating the thousands, 63
CommonPoint application system, 32, 241-249
Application Frameworks, 244—24%7
benefits, 242
comparisons, 281
component software, 285
compound document-based, 243
creating an application, 251—281
development tools, 251
extensibility, 242
object-oriented support, 242
portability, 243
providing services, 242
support for multilingual applications, 255
System Services, 247—249
taxonomy, 244
user interface paradigm, 243
CommonPoint applications, 236, 251, 258
complete, method for using frameworks, 15
complex functionality, 237
component software, 285
components, 87
composition, 50
composition-focused
API, 41
frameworks, g7
language mechanisms, 36
compound document-based applications, 258
concrete subclass, 233
consistency of frameworks, 18
constraints, 51
control code, 23
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control flow, 27
convenience member functions, 75
conversion parameters, setting, 104
converting numbers to text, 63, 179
cpConstructor development tool, 251
cpProfessional development tool, 251, 263, 285
creating

CommonPoint applications, 251-281

new frameworks, 47

number formatters, 278

subclasses, 36, 39, 41, 172

your own frameworks, 230—-2%4
currency

formatter, 118, 257

formatting, 64

locale, 118

symbols, 65
customization

method for using frameworks, 15

supporting, 53
customization API, 15

D

data objects, updating for a spreadsheet, 122—127
dataflow languages, 39
debugger stack trace, 24
debugging, 236
default behavior, 56
default case clause, 166
delivery
frameworks in binary, g5
source code, g5
as code generation, 34
as source files, 33
denominator, 214
fractions, 132
dependencies, managing, 232
derived frameworks, 56
design
application issues, 63—65
consistency, 28g
methodologies, 285
patterns, 51
reuse, 0,11, 17
tools, 285
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designers
of frameworks, 48
skills, 48
designing
applications, 258-261
client-framework interactions, 52
customization, 5§
for ease of use, g4
for flexibility and extensibility, 52
for portability, 52
frameworks, 48, 50—56, 100-121, 184—204
guidelines, 53
less code with frameworks, 17
Presentation Manager application layer, 148-155
rational number formatter class (Windows), 131-134
spreadsheet classes, 72—79
Windows application layer, 71
Desktop frameworks, 244
developer
overhead, 6
productivity, 4
increasing with frameworks, 7
limits to, 6
developing frameworks, 55
Developing Frameworks button, 296
development platform issues, 66
development tools, 285
CodeAuthor, 251
CommonPoint application system, 251
cpConstructor, 251
cpProfessional, 251, 263, 285
dispatch function, 148
DispatchMessage, 81
distributing frameworks, 234
documentation for source code delivery, 35
documenting frameworks, 2g0
domain expert, 11
domain expertise, 6, 10, 283
capturing, 9
leveraging, 17
domain knowledge, partitioning, 49
dynamic behavior, shifting to, 22-27
dynamic flow of control, 22
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E
ease-of-use designing, 54
edit control, 152
EditControl, 76, 85, 8789
Embeddable Data Types frameworks, 244, 245
EN_KILLFOCUS parameter set, 87
EN_SETFOCUS parameter set, 87
encapsulation, 49
enculturation of frameworks, 18
ensemble code, 33—43
example of, g9
interacts with framework code, 43
location, 43
ensembles, 12, 43, 258
calling example, g9
language mechanisms, g6
with multiple frameworks, 14
Enterprise Services frameworks, 247
errors, format, 147
event cases, 160
event handler code, 156, 160
event loops, 23
evolution
of flow of control, 22
of program, 19
Exit button, 296
expanding
sample number display, 31
simple application, 31
expertise
client, 10
domain, 10
for a design solution, g
language, 10
misallocated, 6
object-oriented, 10
proliferation of, 18
Exploring Frameworks button, 295
extending the framework (Windows), 131—-142
extensibility, 142, 225
CommonPoint application system, 242

F

factoring, 30, 32, 49
feedback, 234
first-class objects, g9
fixing bugs, 231
Flatten, CommonPoint system function, 265
flexibility, 184
in frameworks, 53
floating-point formats, 108, 192
floating-point numbers, 184
formatting, 100, 105, 184, 189
GDE of, 219
scientific and engineering notation, 114, 197
simple, 102, 186
standard (nonscientific) format, 116, 199
flow of control, 4, 21
evolution, 22
illustrating shift of, 24—27
inserting developer code, 35
loss of, 235
sequential, 22
stack trace, 24
using frameworks, 27
flow of the sample application, 40
focus change
finishing, 89
message, 94 :
operations, WM_FORMATERROR, 82
Format Cell
command processing, 82
dialog box, 65, 76—89, 141, 162—168, 223—225
example, 162
format errors, 1477
format strings, 65, 165

FormattableNumber (0S/2), 184

formatting, 184

cells, 62, g1

currency, 64

errors, 184

messages, application-defined, 82

numbers, 63

within a spreadsheet, 65

Foundation Services frameworks, 248
fractional text, 217
fractions, g9, 100, 181, 183, 218, 255

denominators, 132

integer part, 132

numerator, 132
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frameworks
advantages, 17
API
client, 15
customization, 15
application, 23
benefits, 17, 248
benefits (OS/2), 211
benefits (Windows), 128
binary, 35
black-box (use-as-is), 15
changes in interfaces, 54
code, 44
code structure, 25, 26
CommonPoint application system, 241-249
composition-focused, 37, 41
creating
applications with, 10-16
applications without, 11

new, 47 4
your own, 230—234
defined, 8
deriving from, 56
design, 283

client interaction, 52
guidelines, 53
identifying abstractions, 50
methodologies, 285
patterns, 51
simplifying, 54
solutions, g
steps, O
designer skills, 48
designers, 48
designing, 48, 50—56, 100-121, 184—204
a single pattern, 51
customization, 5%
developing, 55
distributing, 234
documenting, 230
elements
domain expertise, 10
object-oriented expertise, 10
object-oriented language expertise, 10
enculturation, 18
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ensemble code, 33—43
ensembles, 12
everyday examples, g
extending functionality, 19
flexibility, 53
flow of control, 27, 235
future of, 284
general, 107
guidelines for developing, 55
history of, 8
in a real-world problem, 61-67
in the software industry today, 283
inheritance-focused, g9
iterative process, 54
learning overhead, 235
managing
change, 231
dependencies, 232
teams, 232
methods of use
complete, 15
customize, 15
use asis, 15
multiple, 14
number formatting, g9, 123, 183
performance issues, 238
publishing, 233
real-world use, 16
refining, 54
repository, 234
reuse, 283
sample programs, 2g1
size, 55
solution for low productivity, 7
source code, 33
spreadsheet programs, 61
subclasses, 217
supporting, 234
time issues, 229
tools, 55
using, 15
existing, 47, 230
white-box (customize), 15
working with the code, 44
writing your own, 229
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functional description, 2% infrastructure of a program, 4
functionality, 234 inheritance-focused
for the sample application, g1 API, 41
functions, C/C++, 63 frameworks, 39
functors, 38 language mechanisms, 36
future of frameworks, 284 initializing, the application, 71
input focus, 168
G integer part, 132, 214
integration of frameworks, 18
generality in frameworks, 107, 191 interacting classes, 39
generators, application, g4 interdependencies, isolating, 232
generic interfaces
design solution, g framework changes, 54
framework, 238 updating, 231
generics, parameterized types, $4 interoperability, 6, 18
goto statements, 139, 221 invariants
graphical user interface (GUI), 23 in the problem domain, 39
greatest common divisor (GCD), 187, 219 parameterized types, 34
grid, spreadsheet, 150 isolating
guidelines for developing frameworks, 55 interdependencies, 282
platform-dependent code, 52
H iterative process, building frameworks, 54
handling cell formatting, g1 L
language expertise, 10
I language mechanisms, 36
IBM OS/2 composition-focused, 36
CD-ROM source code, 299 inheritance-focused, 36
identifying abstractions, 50 layerl'ng solutions, 14
IDM_ABOUT command, 83 learnmg.overhead, 235, 237
IDM_EXIT command, 85 class libraries, 6
IDM_FORMATCELL command, 8 Leveraging Frameworks button, 296
IDM_WINDOWSA1_FORMAT_CELL message, 164 lexical cycles, avoiding, 53
if statements, 222 l%ce.nsmg, 284+
implementing limits
framework subclasses (0S/2), 217 reuse, 6
framework subclasses (Windows), 185-189  to productivity, 6 )
Presentation Manager interface, 156—168 ListOf class, parameterized types, 34
ProcessFocusChange, 174—181 locale, 108, 192, 255-257
spreadsheet classes, 169—175 currency, 11 8
spreadsheet objects, go—g7 df:pendenaes, 193
Windows interface, 80—8g Fnerarchy, 256 )
WndCommand, 85 isolate dependencies, 108
Infinity, 187 root, 256
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localizing
applications, 64
numbers, 64
software, 64
location, ensemble code, 43
locking, 53
loss of flow of control, 235

M

macro expansion, 34
main function, 71, 156
maintaining the currently selected cell, g1
maintenance overhead, 6
reduced, 18
managing
change, 231
dependencies, 282
teams, 232
manipulation messages for windows, 81
matrix, API, 42
mechanisms for calling code, 33
memory leak, 269
menu command messages, 81
message handler, 164
message loop, WinMain, 8o
messages
application-defined formatting, 82
manipulation, for windows, 81
menu command, 81
micro-architecture, 51
Microsoft Foundation Classes (MFC), 66
Microsoft Windows
CD-ROM applications, 296
CD-ROM source code, 298
misallocated expertise, 6
m-row by n-column array, 150
multilingual applications, 255
multiple frameworks, 14
with ensembles, 14
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N

NaNs, 187
notation diagrams, 289
notification hooks, 53
number formats, 107, 191
number formatters, 257
creating, 278
number formatting, g9, 183
frameworks, 99, 123, 183, 252—257
class hierarchy, 101, 185
objects, 72, 149
numbers
converting to text, 6g
formatting, 63
localizing, 64
numerator, 214
fractions, 132

0

object-oriented
development environment, 251, 285
program structure, 4
programming and design
limits to, 4-47
subclassing, 172
programming benefits, 238

321

support for the CommonPoint application system, 242

technology, 3, 7
objects, 4,7
composing collections of, g7
number formatting, 72, 149
ordinary, 38
spreadsheet, implementing, go—g7
user interface, 72, 148
ObjectWindows Library (OWL), 66
open-closed principle, 15
operating system
traditional, 4
ordinary objects, 38
OS Services frameworks, 249
0S/2 development platform issues, 66
OurApplicationView subclass, 41
overhead, developer, 6
overrides, 39
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P

parameterized types, 34, 39
invariants, g4
ListOf class, 34
partitioning domain knowledge, 49
pattern elements, 51
patterns, 285
of design, 51
reusing, 51
performance issues, 238
persistent object model, 265
platform-dependent code, 233
isolating, 52
platforms
development issues, 66
0S/2 development, 66
Windows development, 66
polymorphism, g2
portability
CommonPoint application system, 243
designing for, g2
preconditions, 51 .
Presentation Framework, 258—262, 2772
defined, 258
standard boilerplate, 263
Presentation Manager
designing the application layer, 148-155
edit control, modifying, 171
implementing the interface, 156—168
NumberCell, 152
Previous Menu button, 296
principles of good framework design, 283
problem domain, g
abstracting common elements, 49
analyzing, 49
invariants, 39
procedural programming, 4, 22
ProcessFocusChange
changing, 168
error conditions, 88
implementing, 174—181
pseudocode, 175
product domains, 284

productivity

increasing with frameworks, #
limits to, 6

program evolution, 19
program flow of control, 22
program structure

application frameworks based, 23
event loop, 23

evolution of, 22

infrastructure, 4

object-oriented based, 4, 23
procedural-based, 4, 22

programming

by differences, 174

object-oriented
subclassing, 172

pattern-based, 283

project architect, 232

prototyping, 54
pseudocode

creating, 32
outline of ProcessFocusChange, 175
sample application, 29

public domain library, 221
publishing frameworks, 233

R

rational numbers, 131, 21§

formatting class hierarchy, 1 32, 214

reading notation diagrams, 289

refining frameworks, 54

repository for frameworks, 234

Resurrect, CommonPoint system function, 265
reusing

classes, 152

code, 1%

common patterns, 51
design, 11

design and code, 6
FormattableNumber, 76
frameworks, 233, 235—238
NumberCell, 76

root locale, 256
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sample application, 27
expanded single number display, 27
flow of, 40
single number display
factoring, go
functional description, 27
pseudocode, 29
sample programs, 231
scientific notation, 101, 104, 1847
sequential flow of control, 22
setting conversion parameters, 104
significand, 104, 187
buffer, 104
simplifying
clients’ interactions, 52
frameworks, 54
size of frameworks, 55
size, comparing applications, 281
small frameworks, 55
software
localization, 64
piracy, 35
source code
delivery, 33
limitations, g5
files, 33
frameworks, g3
IBM OS/2 CD-ROM application, 299
Microsoft Windows CD-ROM application, 298
using the spreadsheet, 298
source files, delivery of source code, 33
source level debugger, 236
spreadsheet
class hierarchy, 149
data objects, updating, 122—12%7, 205—210
grid, 150
objects, implementing, go—97
programs, 61
source code, using, 298
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spreadsheet classes
designing, 72—79
hierarchy, 73, 149
implementing, 169—173
stack trace
debugging with, 24
examples, 24
for flow of control, 24
multiple framework code structure, 26
simple framework code structure, 25
traditional procedural code, 24
standards for coding, 231, 232
statements
goto, 139, 221
if, 222
streams package, 63
stub code, 232
subclasses, 39
concrete, 233
creating, $6, 41, 172
implementing framework (OS/2), 217
implementing framework (Windows), 135-139
OurApplicationView, 41
rational number formatting, 131
supporting
customization, 53§
frameworks, 234
symbols for currency, 65
system complexity, 287
system library, 4
System Services in the CommonPoint application

system, 247-249
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T

TaligentTypeExtensionMacro, 268
taxonomy of the CommonPoint application system, 244
teams, managing, 232
templates, parameterized types, 34
text converter, 187
Text Scanning and Formatting framework, 252, 254
theString as a TText object, 126
thread safety, 53
time issues using frameworks, 229
TModel boilerplate, 263
tool support, generating source code, 34
tools, 55
application builders, g4
application generators, 34
development, 285
two-dimensional array, 150

type-safe, 34

U

unique elements in your application, 30
updating
cell’s display, 94
interfaces, 231
“spreadsheet data objects, 122—-12%, 205—210
the application (OS/2), 222-225
the application (Windows), 140-141
the old NumberCell’s value, 88
use as is, method for using frameworks, 15
user interface
objects, 72, 148
paradigm, 243
using
existing frameworks, 47, 230
frameworks, 15
the CD-ROM, 293, 299

W

white-box (customize) frameworks, 15
window manipulation messages, 81
window message dispatcher, 72
Windows

application layer, designing, 71

development platform issues, 66

interface

implementing, 80-89

WinMain function

initializing the application, 71

message loop, 8o
WM_COMMAND message, 81, 161, 164
WM_FORMATCELL message, 82, 91, 162, 166, 167
WM_FORMATERROR message, 82, 88, 163, 174, 177
WM_INITDLG message, 164
WndCommand, implementing, 85
writing your own framework, 229
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A

AdoptIntegerFormatter function
TRationalNumberFormatter (OS/2), 215
TRationalNumberFormatter (Windows), 135

AdoptNumberFormatter function
TCell (CommonPoint), 260, 269

AnalyzeValue function
TFormattableNumber (OS/2), 188, 196
TFormattableNumber (Windows), 104, 112

assignment operator (OS/2)
TFloatingPointNumberFormatter, 189

assignment operator function
TNumberFormatter (OS/2), 187
TNumberFormatter (Windows), 103

C

CalcGCD function
TRationalNumber (0OS/2), 219, 221
TRationalNumber (Windows), 138, 139
CellChanged function
TSpreadsheetModel (CommonPoint), 260, 267
CellChangedAt function
TSpreadsheetModel (CommonPoint), 260, 267
ChangeFocus function
NumberGrid (Windows), g1
class (CommonPoint)
TCell, 260
TSpreadsheetModel, 259
TSpreadsheetPresenter, 261
TSpreadsheetView, 262
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class (OS/2)

FormattableNumber, 154
NumberCell, 153, 171, 205
NumberFormat, 155

NumberGrid, 150
TFloatingPointNumberFormatter, 189
TFormattableNumber, 187
TNumberFormatLocale, 192
TRationalNumber, 216
TRationalNumberFormatter, 215

class (Windows)

FormattableNumber, 78

NumberCell, 77, 122

NumberFormat, 79

NumberGrid, 74
TFloatingPointNumberFormatter, 105
TFormattableNumber, 103
TNumberFormatLocale, 108
TRationalNumber, 134
TRationalNumberFormatter, 145

constructor (CommonPoint)

TCell, 260, 268
TSpreadsheetModel, 259, 263
TSpreadsheetPresenter, 261, 271
TSpreadsheetView, 262, 279

constructor (OS/2)

NumberCell, 171, 173, 205, 207
NumberGrid, 150, 169
TFloatingPointNumberFormatter, 189
TFormattableNumber, 187
TNumberFormatLocale, 192
TNumberFormatter, 187
TRationalNumber, 216
TRationalNumberFormatter, 215
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constructor (Windows)
NumberCell, g2, 122, 124
NumberGrid, 74
TFloatingPointNumberFormatter, 105
TFormattableNumber, 103
TNumberFormatLocale, 108
TNumberFormatter, 108
TRationalNumberFormatter, 133
ConvertFromFormattable function
TRationalNumber (OS/2), 216, 219, 220
TRationalNumber (Windows), 188
TRationalNumberFormatter (Windows), 135
CreateAndAdoptMenultem function
TSpreadsheetPresenter (CommonPoint), 261
CreateCelllterator function
TSpreadsheetModel (CommonPoint), 259, 267
CreateControlList function
TSpreadsheetPresenter (CommonPoint), 280
CreateCurrencyFormatter function
TNumberFormatLocale (OS/2), 200
TNumberFormatLocale (Windows), 108, 118
TSpreadsheetPresenter (CommonPoint), 261, 278
CreateFloatingPointFormatter function
TNumberFormatLocale (0OS/2), 204
TNumberFormatLocale (Windows), 108, 121
CreateNumberFormatter function
TSpreadsheetPresenter (CommonPoint), 261, 278
CreateRationalFormatter function
TSpreadsheetPresenter (CommonPoint), 278
CreateRationalNumberFormatter function
TSpreadsheetPresenter (CommonPoint), 261
CreateSelection function
TSpreadsheetModel (CommonPoint), 259, 266
CreateViewSubMenultem function
TSpreadsheetPresenter (CommonPoint), 261, 273
cwCreateWindow utility function, 158

destructor (CommonPoint)
TCell, 260, 268
TSpreadsheetModel, 259, 263
TSpreadsheetPresenter, 261, 271
TSpreadsheetView, 262, 279
destructor (OS/2)
NumberCell, 205
TFloatingPointNumberFormatter, 189
TFormattableNumber, 187
TNumberFormatLocale, 192
TRationalNumberFormatter, 215
destructor (Windows)
NumberCell, 122
‘NumberGrid, 74 ,
TFloatingPointNumberFormatter, 105
TFormattableNumber, 109
TNumberFormatLocale, 108
TRationalNumberFormatter, 133
DialogBox function (Windows), 141
DrawContents function
TSpreadsheetView (CommonPoint), 262, 280

E

Edit function
NumberCell (0OS/2), 206
NumberCell (Windows), g4, 123
EditWndProc, 172
EditWndProc function
NumberCell (Windows), g2

F

fCurrentCell data member
NumberCell (0OS/2), 151, 170
NumberCell (Windows), 75

fevt function
FormattableNumber (OS/2), 180
TFormattableNumber (OS/2), 196
TFormattableNumber (Windows), 112

fErrorInFormat instance variable, 178
NumberCell (0S/2), 178
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fFormatter data member
FormattableNumber (OS/2), 206, 210
NumberCell (Windows), 123, 126
fFractionDirection data member
TNumberFormatter (0S/2), 217
TRationalNumberFormatter (Windows), 135
fFractionSign data member
TNumberFormatter (OS/2), 217
TRationalNumberFormatter (Windows), 135
fFractionSpace data member
TNumberFormatter (OS/2), 217
TRationalNumberFormatter (Windows), 135
fGrid data member
NumberCell (OS/2), 151, 170
NumberCell (Windows), 75
FindLocale function
TLocale (CommonPoint), 257
fIntegerFormatter data member
TNumberFormatter (OS/2), 2147
TRationalNumberFormatter (Windows), 135
fNumber data member
FormattableNumber (OS/2), 206
NumberCell (Windows), 129
fNumber instance variable, 179
NumberCell (0S/2), 179
Format function
FormattableNumber (0S/2), 1479, 180
FormattableNumber (Windows), g6
TFormattableNumber (0OS/2), 193
TNumberFormatter (OS/2), 186
TNumberFormatter (Windows), 102, 109
FormatCell function
NumberGrid (0S/2), 168, 224
FormatCurrentCell function
NumberGrid (Windows), g1
FormattableNumber (0OS/2), 149, 152, 154, 179
fevt function, 180
fFormatter data member, 206, 210
fNumber data member, 206
Format function, 149, 180
FormattableNumber class, 154
fValue instance variable, 180
GetGeneralNumberFormat function, 155
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FormattableNumber (Windows), 72, 76, 78, g6, 100
class, 78
Format function, 96
GetFormat function, g6
GetGeneralNumberFormat function, %79
SetFormat function, g6
temporary, 94

FormattableNumberToDecimalText
TFloatingPointNumberFormatter (0S/2), 199
TFloatingPointNumberFormatter (Windows), 106

FormattableNumberToDecimalText function
TFloatingPointNumberFormatter (Windows), 116
TNumberFormatter (OS/2), 190

FormattableNumberToExponentText
TFloatingPointNumberFormatter (Windows), 106

FormattableNumberToExponentText function
TFloatingPointNumberFormatter (OS/2), 198
TFloatingPointNumberFormatter (Windows), 115
TNumberFormatter (OS/2), 1go

FormattableNumberToText
TRationalNumberFormatter (Windows), 146

FormattableNumberToText function
TFloatingPointNumberFormatter (OS/2), 197
TFloatingPointNumberFormatter (Windows), 106, 114
TFormattableNumber (OS/2), 193
TNumberFormatter (OS/2), 186, 190, 194
TNumberFormatter (Windows), 102, 110
TRationalNumberFormatter (OS/2), 215

frexp function
TRationalNumber (0S/2), 219
TRationalNumber (Windows), 137

fValue instance variable, 180

G

GetCellAt function
TSpreadsheetModel (CommonPoint), 260, 267
GetDecimalSeparator function
TFloatingPointNumberFormatter (Windows), 106
TNumberFormatter (OS/2), 190
GetDecimalWithInteger function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 190
GetDenominator function
TRationalNumber (OS/2), 216



328 CopE INDEX

GetDigitGroupSeparator
TFloatingPointNumberFormatter (Windows), 106
GetDigitGroupSeparator function
TNumberFormatter (OS/2), 190
GetDigitsFromDecimalPoint function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104
GetEditHandle function
NumberCell (0S/2), 205
NumberCell (Windows), 122
GetExponent function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104
GetExponentPhase function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 191
GetExponentSeparatorText function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 191
GetFormat function
FormattableNumber (Windows), g6
NumberCell (0OS/2), 205
NumberCell (Windows), 122
GetFormatErrorStatus function
NumberCell (0OS/2), 205
NumberCell (Windows), 122
GetFractionSeparator function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 191
GetFractionSign function
TRationalNumberFormatter (0S/2), 215
TRationalNumberFormatter (Windows), 133
GetFractionSpace function
TRationalNumberFormatter (OS/2), 215
TRationalNumberFormatter (Windows), 133
GetGeneralNumberFormat
FormattableNumber (Windows), 79
NumberFormat (Windows), 79
GetGeneralNumberFormat function
FormattableNumber (OS/2), 155
NumberCell (Windows), 124
NumberFormat (OS/2), 155, 207
GetID function
NumberCell (0S/2), 205
NumberCell (Windows), 122

GetInfinitySign function
TFloatingPointNumberFormatter (Windows), 106
TNumberFormatter (OS/2), 1go

Getlnteger function
TRationalNumber (0OS/2), 216

GetlntegerSeparator function
TFloatingPointNumberFormatter (Windows), 106
TNumberFormatter (OS/2), 190

GetIntSeparator function
NumberFormat (Windows), g6

GetLocaleInfo function
TNumberFormatLocale (Windows), 118

GetLowerExponentThreshold function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 191

GetMaxFractionDigits function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 191

GetMinFractionDigits function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 191

GetMinlntegerDigits function
TNumberFormatter (OS/2), 190

GetMinus function
TNumberFormatter (OS/2), 186
TNumberFormatter (Windows), 102

GetNanSign function
TFloatingPointNumberFormatter (Windows), 106
TNumberFormatter (OS/2), 190

GetNumber function
TFormattableNumber (OS/2), 187
TFormattableNumber (Windows), 10g

GetNumberFormatter function
TCell (CommonPoint), 260, 269

GetNumberOfColumns function
TSpreadsheetModel (CommonPoint), 260, 267

GetNumberOfRows function
TSpreadsheetModel (CommonPoint), 260, 267

GetNumerator function
TRationalNumber (OS/2), 216

GetPlus function _
TNumberFormatter (OS/2), 186
TNumberFormatter (Windows), 102

GetProp function
NumberCell (0S/2), 173
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GetRootlocale function
TLocale (CommonPoint), 257
GetSeparatorSpacing function
TFloatingPointNumberFormatter (Windows), 106
TNumberFormatter (0OS/2), 1go
GetShowPlusSign function
TNumberFormatter (OS/2), 186
TNumberFormatter (Windows), 102
GetSignificand function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104
GetSignificandLength function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104
GetUpperExponentThreshold function
TFloatingPointNumberFormatter (Windows), 104
TNumberFormatter (OS/2), 191
GetValue function
TCell (CommonPoint), 260, 270

H

HandleCreateMainView function
TSpreadsheetPresenter (CommonPoint), 261, 272
HandleMenuAction function
TSpreadsheetPresenter (CommonPoint), 261, 274
HandleMenuActivate function
TSpreadsheetPresenter (CommonPoint), 261, 272
HandleSymbols function
TNumberFormatLocale (OS/2), 203
HandleViewAction function
TSpreadsheetPresenter (CommonPoint), 261, 276
HasBeenAltered function
NumberCell (OS/2), 205
NumberCell (Windows), 122
hInst parameter (0S/2), 153
hInst parameter (Windows), 76
hwndParent parameter (OS/2), 153
hwndParent parameter (Windows), 76
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implementing
WndProc, 81
InitializeAndCenterDialog function (Windows), 141
IsInfinity function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104
IsNan function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104
IsNegative function
TFormattableNumber (OS/2), 187, 196
TFormattableNumber (Windows), 103, 112
IsZero function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104

L

localeconv function (0S/2), 200

M

main function, 148

Move function
NumberCell (0OS/2), 206
NumberCell (Windows), 123

NotifyOfChange function
TSpreadsheetModel (CommonPoint), 267
nSel, 166
NumberCell (OS/2), 148, 152
class, 153, 171, 205
constructor, 171, 179, 205, 207
destructor, 205
edit control, 152
Edit function, 206
fCurrentCell data member, 151, 170
fGrid data member, 151, 170
GetEditHandle function, 205
GetFormat function, 2o
GetFormatErrorStatus function, 205
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GetID function, 20
GetProp function, 173
HasBeenAltered function, 205
Move function, 206
pointers, 150
SetAlteredStatus function, 172, 206
SetFormat function, 206, 210, 222
SetFormatErrorStatus function, 206
SetProp function, 173
SetToGeneralFormat function, 206
Update function, 1%%, 206, 208, 222
NumberCell (Windows), 72, 76, 87, g2—g5
class, 77, 122
constructor, 92, 122, 124
destructor, 122
Edit function, g4, 123
EditControl, %76
EditWndProc function, g2
fCurrentCell data member, 75
fFormatter data member, 123, 126
fGrid data member, 75
fNumber data member, 123
GetEditHandle function, 122
GetFormat function, 122
GetFormatErrorStatus function, 122
GetGeneralNumberFormat function, 124
GetID function, 122
HasBeenAltered function, 122
Move function, 1293
SetAlteredStatus function, 122
_ SetFormat function, 122, 127, 140
SetFormatErrorStatus function, 124
SetToGeneralFormat function, 122
Update function, g4, 123, 125, 140
NumberFormat (OS/2), 149, 155
GetGeneralNumberFormat function, 155, 207
NumberFormat class, 155
NumberFormat (Windows), 72, 79, 96
class, 79
GetGeneralNumberFormat, %79
GetIntSeparator function, g6
Set function, g6
NumberFormatDIgProc function (Windows), 141

NumberGrid (0S/2), 148, 150
class, 150
constructor, 150, 169
FormatCell function, 168, 224
member functions, 150
SetCurrent function, 168
NumberGrid (Windows), 72, 88, go—g2
ChangeFocus function, g1
class, 74
constructor, %74, 9o
design, 74
destructor, 74
FormatCurrentCell function, g1
member functions, 74

P

PanelCELLFORMDIgProc, 162, 164, 165, 223
ProcessFocusChange function, 85, 87—89g

S

SendDlgltemMessage function (Windows), 141
Set function
NumberFormat (Windows), g6
SetAlteredStatus function
NumberCell (0S/2), 172, 206
NumberCell (Windows), 122
SetAnalysis function
TFormattableNumber (Windows), 104
SetAnalysisDirtyFlag function
TFormattableNumber (OS/2), 188
SetCurrent function
NumberGrid (0S/2), 168
SetDecimalSeparator function
TFloatingPointNumberFormatter (Windows), 106
TNumberFormatter (OS/2), 190
SetDecimalWithInteger function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 190
SetDenominator function
TRationalNumber (OS/2), 216
SetDigitGroupSeparator
TFloatingPointNumberFormatter (Windows), 106

THE POWER OF FRAMEWORKS



SetDigitGroupSeparator function
TNumberFormatter (OS/2), 1go
SetDigitsFromDecimalPoint function
TFormattableNumber (0OS/2), 188
TFormattableNumber (Windows), 104
SetExponent function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104
SetExponentPhase function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 191
SetExponentSeparatorText function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (0OS/2), 191
SetFormat function
FormattableNumber (Windows), g6
NumberCell (0S/2), 206, 210, 222
NumberCell (Windows), 122, 127
SetFormatErrorStatus function
NumberCell (0S/2), 206
NumberCell (Windows), 123
SetFractionDirection function
TRationalNumberFormatter (OS/2), 215
TRationalNumberFormatter (Windows), 133
SetFractionPropriety function
TRationalNumberFormatter (0OS/2), 215
TRationalNumberFormatter (Windows), 183
SetFractionSeparator function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 191
SetFractionSign function
TRationalNumberFormatter (0OS/2), 215
TRationalNumberFormatter (Windows), 133
SetFractionSpace function
TRationalNumberFormatter (0OS/2), 215
TRationalNumberFormatter (Windows), 1335
SetInfinity function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104
SetInfinitySign function
TFloatingPointNumberFormatter (Windows), 106
TNumberFormatter (OS/2), 1go
SetInteger function
TRationalNumber (0S/2), 216
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SetIntegerSeparator function
TFloatingPointNumberFormatter (Windows), 106
TNumberFormatter (0OS/2), 19o

SetLowerExponentThreshold function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (0OS/2), 191

SetMaxFractionDigits function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 191

SetMinFractionDigits function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (0S/2), 191

SetMinlIntegerDigits function
TNumberFormatter (OS/2), 190

SetMinus function
TNumberFormatter (OS/2), 186

SetNan function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104

SetNanSign function
TFloatingPointNumberFormatter (Windows), 106
TNumberFormatter (OS/2), 190

SetNumber function
TFormattableNumber (0S/2), 187, 196
TFormattableNumber (Windows), 103, 112

SetNumerator function
TRationalNumber (OS/2), 216

SetPlus function
TNumberFormatter (OS/2), 186

SetProp function
NumberCell (0S/2), 173

SetSeparatorSpacing function
TFloatingPointNumberFormatter (Windows), 106
TNumberFormatter (OS/2), 190

SetShowPlusSign function
TNumberFormatter (0OS/2), 186

SetSignBit function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104

SetSignificand function
TFormattableNumber (OS/2), 188
TFormattableNumber (Windows), 104

SetToGeneralFormat function
NumberCell (0S/2), 206
NumberCell (Windows), 122



332 CopE INDEX

SetUpFormattableNumber function
TFloatingPointNumberFormatter (OS/2), 197
TFloatingPointNumberFormatter (Windows), 106, 113
TFormattableNumber (OS/2), 194
TNumberFormatter (0OS/2), 186, 1go
TNumberFormatter (Windows), 102, 110

SetUpperExponentThreshold function
TFloatingPointNumberFormatter (Windows), 107
TNumberFormatter (OS/2), 191

SetValue function
TCell (CommonPoint), 260, 270

streaming operators (CommonPoint)

TCell, 260, 269
TSpreadsheetModel, 259, 265
TSpreadsheetView, 262

strtod, 178

T

TCell (CommonPoint), 260

AdoptNumberFormatter function, 260, 269

constructor, 260, 268

destructor, 260, 268

GetNumberFormatter function, 260, 269

GetValue function, 260, 270

SetValue function, 260, 270

streaming operators, 260, 269
TChoiceFormatter (CommonPoint), 253
TDateTimeFormatter (CommonPoint), 253
TFloatingPointNumberFormatter (CommonPoint), 255
TFloatingPointNumberFormatter (OS/2)

assignment operator, 189

class, 189

constructor, 18g

destructor, 18g

FormattableNumberToDecimalText, 199

FormattableNumberToExponentText function, 198

FormattableNumberToText function, 197

SetUpFormattableNumber function, 197
TFloatingPointNumberFormatter (Windows), 105, 113

class, 105

constructor, 105

destructor, 105

FormattableNumberToDecimalText function, 106, 116

FormattableNumberToExponentText function, 106,
115

FormattableNumberToText function, 106, 114
GetDecimalSeparator function, 106
GetDecimalWithInteger function, 107
GetDigitGroupSeparator function, 106
GetExponentPhase function, 107
GetExponentSeparatorText function, 107
GetFractionSeparator function, 107
GetlnfinitySign function, 106
GetlntegerSeparator function, 106
GetLowerExponentThreshold function, 10%
GetMaxFractionDigits function, 107
GetMinFractionDigits function, 107
GetNanSign function, 106
GetSeparatorSpacing function, 106
GetUpperExponentThreshold function, 107
SetDecimalSeparator function, 106
SetDecimalWithInteger function, 107y
SetDigitGroupSeparator function, 106
SetExponentPhase function, 107
SetExponentSeparatorText function, 1047
SetFractionSeparator function, 10%7
SetInfinitySign function, 106
SetIntegerSeparator function, 106
SetLowerExponentThreshold function, 107
SetMaxFractionDigits function, 107
SetMinFractionDigits function, 107
SetNanSign function, 106
SetSeparatorSpacing function, 106 ,
SetUpFormattableNumber function, 106, 113
SetUpperExponentThreshold function, 10%

TFloatingPointNumberFormatter function
TNumberFormatter (OS/2), 194

TFormatResult (CommonPoint), 253

TFormatResult (OS/2), 184

TFormatResult (Windows), 101
object, 102

TFormattable (CommonPoint), 253

TFormattableNumber, 100
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TFormattableNumber (OS/2)

AnalyzeValue function, 188, 196
_ class, 187

constructor, 187
destructor, 187
fevt function, 196
Format function, 193
FormattableNumberToText function, 193
GetDigitsFromDecimalPoint function, 188
GetExponent function, 188
GetNumber function, 187
GetSignificand function, 188
GetSignificandLength function, 188
IsInfinity function, 188
IsNan function, 188
IsNegative function, 187, 196
IsZero function, 188
SetAnalysisDirtyFlag function, 188
SetDigitsFromDecimalPoint function, 188
SetExponent function, 188
SetInfinity function, 188
SetNan function, 188
SetNumber function, 187, 196
SetSignBit function, 188
SetSignificand function, 188 _
SetUpFormattableNumber function, 194

TFormattableNumber (Windows), 103
AnalyzeValue function, 104, 112
class, 103
constructor, 103
destructor, 109
fevt function, 112
GetDigitsFromDecimalPoint function, 104
GetExponent function, 104
GetNumber function, 109
GetSignificand function, 104
GetSignificandLength function, 104
IsInfinity function, 104
IsNan function, 104
IsNegative function, 103, 112
IsZero function, 104
SetAnalysis function, 104
SetDigitsFromDecimalPoint function, 104
SetExponent function, 104
SetInfinity function, 104
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SetNan function, 104
SetNumber function, 10g, 112
SetSignBit function, 104
SetSignificand function, 104
TFormatter (CommonPoint), 253
theGrid variable, 167
TLocale (CommonPoint), 255
FindLocale function, 257
GetRootLocale function, 257
TLocaleltem (CommonPoint), 256
TLocaleltemlIterator (CommonPoint), 256
TLocalizableName (CommonPoint), 256
TModel (CommonPoint), 264
TNumberFormat (Windows), 140
TNumberFormatLocale (OS/2), 185, 200
class, 192
constructor, 192
CreateCurrencyFormatter function, 192, 200
CreateFloatingPointFormatter function, 192, 204
destructor, 192
HandleSymbols function, 203
TNumberFormatLocale (Windows), 101, 108, 118-121
class, 108
constructor, 108
CreateCurrencyFormatter function, 108, 118
CreateFloatingPointFormatter function, 108, 121
destructor, 108
GetLocalelnfo function, 118
TNumberFormatter (CommonPoint), 253, 255, 265
TNumberFormatter (OS/2), 186, 213, 222
assignment operator function, 187
constructor, 187
fFractionDirection data member, 217
fFractionSign data member, 217
fFractionSpace data member, 217
fIntegerFormatter data member, 217
Format function, 186
FormattableNumberToDecimalText function, 19o
FormattableNumberToExponentText function, 19o
FormattableNumberToText function, 186, 190, 194
GetDecimalSeparator function, 19o
GetDecimalWithInteger function, 190
GetDigitGroupSeparator function, 19o
GetExponentPhase function, 191
GetExponentSeparatorText function, 191
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GetFractionSeparator function, 191
GetlnfinitySign function, 190
GetlntegerSeparator function, 19o
GetLowerExponentThreshold function, 191
GetMaxFractionDigits function, 191
GetMinFractionDigits function, 191
GetMinlntegerDigits function, 1go
GetMinus function, 186
GetNanSign function, 1go
GetPlus function, 186
GetSeparatorSpacing function, 1go
GetShowPlusSign function, 186
GetUpperExponentThreshold function, 191
SetDecimalSeparator function, 1go
SetDecimalWithInteger function, 190
SetDigitGroupSeparator function, 190
SetExponentPhase function, 191
SetExponentSeparatorText function, 191
SetFractionSeparator function, 191
SetInfinitySign function, 190
SetIntegerSeparator function, 1go
SetLowerExponentThreshold function, 191
SetMaxFractionDigits function, 191
SetMinFractionDigits function, 191
SetMinIntegerDigits function, 190
SetMinus function, 186
SetNanSign function, 190
SetPlus function, 186
SetSeparatorSpacing function, 190
SetShowPlusSign function, 186
SetUpFormattableNumber function, 186, 19o
SetUpperExponentThreshold function, 191
TFloatingPointNumberFormatter function, 194
TNumberFormatter (Windows), 100, 103, 109, 131
assignment operator function, 103
constructor, 103
Format function, 102, 109
FormattableNumberToText function, 102, 110
GetMinus function, 102
GetPlus function, 102
GetShowPlusSign function, 102
SetUpFormattableNumber function, 102, 110
TParameterFormatter (CommonPoint), 253
TPositionalNumberFormatter (CommonPoint), 255

TRationalNumber (OS/2)

CalcGCD function, 21g, 221
class, 216

constructor, 216
ConvertFromFormattable function, 216, 219, 220
frexp function, 219
GetDenominator function, 216
Getlnteger function, 216
GetNumerator function, 216
SetDenominator function, 216
SetInteger function, 216
SetNumerator function, 216

TRationalNumber (Windows), 131—139

CalcGCD function, 138, 139

class, 134

ConvertFromFormattable function, 188
frexp function, 137

TRationalNumberFormatter (CommonPoint), 255
TRationalNumberFormatter (OS/2), 213, 217

AdoptIntegerFormatter function, 215
class, 215
constructor, 215
destructor, 215
FormattableNumberToText function, 215
TRationalNumberFormatter (OS/2), 218
GetFractionSign function, 215
GetFractionSpace function, 215
SetFractionDirection function, 215
SetFractionPropriety function, 215
SetFractionSign function, 215
SetFractionSpace function, 215

TRationalNumberFormatter (Windows), 131, 134

AdoptIntegerFormatter function, 133
class, 133

constructor, 133
ConvertFromFormattable function, 135

‘destructor, 133

fFractionDirection data member, 135
fFractionSign data member, 135
fFractionSpace data member, 135
fIntegerFormatter data member, 135
FormattableNumberToText, 136
GetDenominator, 134
GetFractionSign function, 133
GetFractionSpace function, 133
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Getlnteger, 134

GetNumerator, 134

SetDenominator, 184

SetFractionDirection function, 133

SetFractionPropriety function, 133

SetFractionSign function, 133

SetFractionSpace function, 133

SetInteger, 134

SetNumerator, 134
TSimpleTextFormatter (CommonPoint), 253

TSpreadsheetModel (CommonPoint), 259, 263—267

CellChanged function, 260, 267
CellChangedAt function, 260, 267
constructor, 259, 263
CreateCelllterator function, 259, 267
CreateSelection function, 259, 266
destructor, 259, 263

GetCellAt function, 260, 267
GetNumberOfColumns function, 260, 267
GetNumberOfRows function, 260, 267
NotifyOfChange function, 264
streaming operators, 259, 265

TSpreadsheetPresenter (CommonPoint), 261, 271—278

constructor, 261, 271
CreateAndAdoptMenultem function, 261
CreateControlList function, 280
CreateCurrencyFormatter function, 261, 278
CreateNumberFormatter function, 261, 278
CreateRationalFormatter function, 278
CreateRationalNumberFormatter function, 261
CreateViewSubMenultem function, 261, 273
destructor, 261, 271
HandleCreateMainView function, 261, 272
HandleMenuAction function, 261, 274
HandleMenuActivate function, 261, 272
HandleViewAction function, 261, 276

TSpreadsheetView (CommonPoint), 262
constructor, 262, 279
destructor, 262, 279
DrawContents function, 262, 280
streaming operator, 262

TText (0OS/2), 185

TText (Windows), 101, 126
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U

Update function
NumberCell (OS/2), 177, 206, 208, 222
NumberCell (Windows), g4, 123, 125, 140.
SetFormat (Windows), 140

v

void ConvertNumToString function (0S/2), 63
void ConvertNumToString function (Windows), 63

W

WindowSA1WndProc, 148, 160, 163, 223

WinLoadDlg, 162

WinMain function, 71, 8o

WinQueryWindow, 167

WNDCLASS, 8o

WndCommand function, 81, 85—-87

WndProc function, 72, 83, 85, 141
implementing, 81
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IMPORTANT— READ CAREFULLY BEFORE OPENING.

By opening this sealed disk package, you indicate your acceptance of the
following Taligent License Agreement.

This is a legal agreement between you, the end user, and Taligent, Inc. BY
OPENING THIS SEALED DISK PACKAGE, YOU ARE AGREEING TO BE BOUND BY
THE TERMS OF THIS AGREEMENT. IF YOU DO NOT AGREE TO THE TERMS OF
THIS AGREEMENT, PROMPTLY RETURN THE UNOPENED DISK PACKAGE AND
THE ACCOMPANYING ITEMS (including written materials and binders or other
containers) TO THE PLACE YOU OBTAINED THEM FOR A FULL REFUND.

TALIGENT LICENSE TERMS

1. License. Taligent grants to you the right to use one copy of the enclosed
Taligent software program (the "SOFTWARE") on a single terminal connected to a
single computer (i.e. with a single CPU). You may not network the SOFTWARE or
otherwise use it on more than one computer or computer terminal at the same
time. The SOFTWARE is provided for instructional purposes and is not intended
for productive use.

2. COPYRIGHT. The SOFTWARE is owned by Taligent or its suppliers and is
protected by United States copyright laws and international treaty provisions.
Therefore, you must treat the SOFTWARE like any other copyrighted material (e.g.
a book or musical recording) except that you may either (a) make one copy of the
SOFTWARE solely for backup or archival purposes, or (b) transfer the SOFTWARE
to a single hard disk provided you keep the original solely for backup or archival
purposes. You may not make derivative works of the SOFTWARE or copy the
written materials accompanying the software.

3. RIGHTS RESERVED. All right, title and interest to all intellectual property with
respect to the SOFTWARE including any patent, copyright, trademark or trade
name rights shall remain exclusively with Taligent or its suppliers.

3. OTHER RESTRICTIONS. You may not rent or lease the SOFTWARE, but you
may transfer the SOFTWARE and accompanying written materials on a permanent
basis provided you retain no copies and the recipient agrees to be bound by the
terms of this Agreement.

4, SOURCE CODE. The source code of the SOFTWARE licensed hereunder
represents and embodies trade secrets of Taligent and/or its licensors. The
source code and embodied trade secrets are not licensed to you and any
modifications, additions or deletions to the source code are strictly prohibited.
You agree not to disassemble, decompile, or otherwise reverse engineer the
SOFTWARE in order to discover the source code and/or the trade secrets
contained in the source code.

5. CUSTOMER REMEDIES. Taligent's entire liability and your exclusive remedy
shall be, at Taligent's option, either (a) return of the price paid or (b) repair or
replacement of any SOFTWARE which is found to be defective within 90 days of
licensing and which is returned to Taligent with a copy of your receipt. This
Limited Warranty is void if failure of the SOFTWARE has resulted from accident,
abuse, or misapplication. Any replacement SOFTWARE will be warranted for the
remainder of the original warranty period or 30 days, whichever is longer.

6. NO OTHER WARRANTIES. TALIGENT DISCLAIMS ALL OTHER WARRANTIES,
EITHER EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPQOSE, WITH RESPECT TO THE SOFTWARE AND THE ACCOMPANYING
WRITTEN MATERIALS. THIS LIMITED WARRANTY GIVES YOU SPECIFIC LEGAL
RIGHTS. YOU MAY HAVE OTHERS, WHICH VARY FROM STATE TQ STATE.

7. NO LIABILITY FOR CONSEQUENTIAL DAMAGES. IN NO EVENT SHALL
TALIGENT OR ITS SUPPLIERS BE LIABLE FOR ANY DAMAGES WHATSOEVER
(INCLUDING, WITHOUT LIMITATION, DAMAGES FOR LOSS OF BUSINESS
PROFITS, BUSINESS INTERRUPTION, LOSS OF BUSINESS INFORMATION, OR
OTHER PECUNIARY LOSS) ARISING OUT OF THE USE OF OR INABILITY TO USE
THIS TALIGENT PRODUCT, EVEN IF TALIGENT HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. BECAUSE SOME STATES DO NOT ALLOW
THE EXCLUSION OR LIMITATION OF LIABILITY FOR CONSEQUENTIAL OR
INCIDENTAL DAMAGES, THE ABOVE LIMITATION MAY NOT APPLY TO YOU.

8. U.S. GOVERNMENT RESTRICTED RIGHTS. The SOFTWARE and
documentation are provided with RESTRICTED RIGHTS. Use, duplication, or
disclosure by the Government is subject to restrictions as set forth in subdivision
(b)(3)(ii) of "The Rights in Technical Data and Computer Software" clause at
252.227-7013. Contractor/manufacturer is Taligent, Inc. 10201 North De Anza
Blvd., Gupertino, CA 95014-2233.

9. GOVERNING LAW. This Agreement is governed by the laws of the State of
California. : '

ADDISON-WESLEY WARRANTY TERMS

Addison-Wesley warrants the enclosed disk to be free of defects in materials and
faulty workmanship under normal use for a period of ninety days after purchase.
If a defect is discovered in the disk during this warranty period, a replacement
disk can be obtained at no charge by sending the defective disk, postage prepaid,
with proof of purchase to:

Addison-Wesley Publishing Company

Editorial Department

Trade Computer Books Division

One Jacob Way

Reading, MA 01867

After the ninety-day period, a replacement will be sent upon receipt of the
defective disk and a check or money order for $10.00, payable to
Addison-Wesley Publishing Company.

Addison-Wesley makes no warranty or representation, either express or implied,
with respect to this software, its quality, performance, merchantability, or fitness
for a particular purpose. In no event will Addison-Wesley, its distributors, or
dealers be liable for direct, indirect, special, incidental, or consequential damages
arising out of the use or inability to use the software. The exclusion of implied
warranties is not permitted in some states. Therefore, the above exclusion may
not apply to you. This warranty provides you with specific legal rights. There may
be other rights that you may have that vary from state to state.
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“The real power of frameworks is that they transform programming into an expressive,

adaptable, and affordable endeavor for today’s productivity-conscious workplace.”

— Mike Potel, Vice President, Technology Development, Taligent, Inc.

Recent activity in object technology has extended beyond class libraries to
focus on frameworks. Frameworks represent the next level of abstraction in
programming and offer proof of the promises of reuse and increased
productivity.

Because frameworks are used frequently in creating GUI-based
applications, many programmers believe that framework use is limited to this
type of application coding. However, frameworks can be used to solve virtually
any design problem if programmers understand exactly what frameworks are
and how to use them.

Taligent, Inc., bases its CommonPoint " application environment
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cross-platform implementation.

For readers familiar with the basic principles of object-oriented
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