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Summary

SUMMARY

One of the major claims of the object-oriented programming approach is that it
facilitates the development of complex programs by allowing reuse of components.
Most compilers for object-oriented languages are now supplied with class libraries.
In addition to those provided with the compilers, there are many others in the public
domain or available from commercial suppliers. Code reuse can be maximised
through the exploitation of framework class libraries for creating interactive
programs. A framework library can be viewed as providing a skeleton application
that can be extended and specialised through class inheritance. The evolution of
application frameworks is discussed briefly in Chapter 1 with an objective to utilise
one of them to develop a prototype multimedia application for annotation and
illustration. This prototype is referred to as Glasgow Graphics and Sound (GGS) in
this thesis.

GGS deals with externally created vector or bitmap images, graphics primitives and
sound objects in any sequence. GGS is designed to provide the end-users with
facilities to work on external images with free-hand curves and other graphics tools,
record their voice, save everything in one disk file and animate them later, if
necessary. GGS has the responsibility to store different objects without knowing in
advance the sequence of object types the user will create. The implementation
language, C++ does not have any built-in support for object persistence. Hence, a
number of techniques and strategies for adding persistence to C++ objects are

reviewed in Chapter 2.

The Microsoft Foundation Class (MFC) library is selected as the application
framework for developing GGS and the serialization mechanism in MFC is chosen to
deal with the object persistence issues. Some of the techniques for persistence,
discussed in Chapter 2, are powerful but incur unacceptable overheads for
lightweight applications. On the other hand, the MFC serialization is found very
useful in creating transportable stream of bytes that can be stored in a file and sent

away as an e-mail attachment.

Chapter 3 presents the serialization internals in MFC and uncovers some
undocumented details that are believed to be valuable for other MFC users. From an
application programmer’s viewpoint, it is straightforward to use the MFC
serialization in most cases. However, the actual implementation details are complex.
A sample data structure is serialized and analysed step-by-step to explain the MFC

serialization mechanism.
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The user-friendliness of applications comes not only from an iconic user interface but
also from a uniform user interface across applications. Some common user interface
elements and their importance are discussed in Chapter 4 along with the document/
view architecture in MFC that separates an application’s data management code
from its user interface code. The multiple document interface (MDI) in GGS is based
on this document/view architecture. A case study walkthrough is presented, purely
from an end-user’s viewpoint, to illustrate a simple use of GGS. The main classes
and their hierarchy are drafted in Chapter 4 based on a high-level decomposition of
GGS.

Chapter 5 presents the final class hierarchy, different drawing operations and other
features involving graphics primitives. Template based type-safe collection classes
are used in GGS to store pointers to objects of any type. This simplifies the
interaction with the document class. Basic drawing operations such as moving,
deleting and highlighting graphics primitives on the screen use an efficient raster
drawing mode. The implementation of view magnification together with the
standard scrolling capabilities in a window is discussed that requires some special
techniques. The benefits of trapping some uncommon messages from the operating
system are also discussed. Chapter 5 ends with an overview of the printing process

and a description of the multi-page printing features in GGS.

Chapter 6 starts with a general discussion on bitmaps and metafiles. A bitmap is a
complete digital representation of a picture. Each pixel in the image corresponds to
one or more bits in the bitmap. A metafile, on the other hand, stores pictorial
information as a series of records that correspond directly to the graphics device
interface (GDI) calls. GGS can import externally created bitmaps and metafiles and
treat them like any other graphic or sound objects. All commercial illustration
programs do something similar. However, the motivation for developing GGS is
slightly different. GGS allows the users to construct and manipulate a fairly complex
picture, adding comments as they go. The process of constructing the picture is
saved, not just the final picture.

Sound can be an effective form of information and interface enhancement when
appropriately used. It can serve purposes other than the transmission of details or
factual information. Chapter 7 describes the facilities in GGS to record someone’s
voice or import sounds from WAVE files which are digital copies of the air pressure
alterations of recorded sounds. The sequence of graphic and sound objects can be

edited and separated by timers. In the animation mode, graphic objects are rendered

xi
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on the screen, sounds are played and timers are activated. One of the major
objectives is to produce GGS documents containing graphic and sound objects that
can be delivered as e-mail attachments. GGS avoids fluid animation to restrict the
size of these documents. However, the still animation in GGS can be an effective
way to get some ideas across and create an impact with a meaningful sequence of
objects.

Executable copies of GGS were distributed with an aim to receive feedback about
their ease of use, compatibility with other products and stability. The feedback is
discussed in Chapter 8. The idea of playing sounds and rendering graphic objects
separated by timers was appreciated by a number of users. One of the suggestions
was to convert GGS from a stand-alone application to a full OLE server to integrate
and take advantage of the features offered by other Windows applications. With the
help of MFC, the author found that the conversion was not a difficult exercise.

Finally, Chapter 8 ends with the main conclusions.

xii



CHAPTER 1

INTRODUCTION



Chapter 1 Introduction

1.1 SOFTWARE SYSTEMS BASED ON PROCEDURAL CODE

There are various programs available in the engineering domain that consist of
several hundred thousand lines of procedural code, usually written in Fortran. They
serve as special-purpose tools for the modelling and simulation of physical systems
in diverse fields such as structural mechanics, fluid dynamics, electro-magnetics and

many others.

For the sake of efficiency, various components of such program often directly access
the program’s data structures. This compounds the complexity of the components,
by requiring knowledge of the program’s data structures. Modification or extension
to a component requires not only the knowledge of the component at hand, but also

a high degree of knowledge of the entire program.

The components of the software system become intimately tied to the program’s data
structures. The access to the data structures easily becomes inseparable from the
components’ function. Since the layouts of the data structures are unique to each
program, the possibility of the reuse of the code in other systems is greatly
diminished. Also, code from other programs is difficult to adapt for use within the

system.

Since the data structures are globally accessible, a small change in them can have a
ripple effect throughout the program. All portions of the code that access the
affected data structures must be updated. Consequently, the layouts of the data
structures tend to become fixed regardless of how appropriate they remain as the

code evolves.

The components of the software system become dependent on each other via their
common access to the data structures. Little control can be placed on the access. As
a result, these interdependencies are numerous. More importantly, they are implicit.
One component can be completely unaware of another’s reliance on the same data
structure. Thus, when modification or extension to a component occurs, it is difficult

to assure that all affected portions of the code are adjusted accordingly.

The access to the program’s data structures is usually described by an interface. The
interface may consist of a document describing the layout of the data, or may get as
involved as a memory management tool that shields the data from the component

routines. In either case, it is up to each programmer to honour the interface. The

1-1




Chapter 1 Introduction

best laid plans are easily subverted for the sake of efficiency and ease of

implementation.

A large number of existing software systems based on procedural codes are inflexible
and present a barrier to practising engineers and researchers. Recoding these
systems in a new language will not remove this inflexibility. Instead, a redesign is

needed.

1.2 PROBLEMS WITH EARLIER USER INTERFACES

Older style scientific and business programs tended to have a modal structure with
very rigid control flows: 1) get the input data, 2) process the data, 3) print the results.
Any data input mode would be under the program’s control, with the program
prompting the user for successive data elements that had to be provided in a fixed
order. When interactions with users are under the program’s control, the
programmer’s task is simplified. Because the sequence of any interactions is known
in advance the programmer can plan to have all required data structures created and

correctly initialised prior to use.

Early programs were “user-hostile” in a way, demanding their data in precise
formats and requiring arcane command languages to control their operation. Such
“user-hostility” did not matter because the users of such programs were neither
perceptive enough to notice nor assertive enough to complain. Nowadays, every
program is expected to be “user-friendly” and to indicate this “friendliness” through

graphics displays replete with button controls, pop-up menus, and scrollable views.

Such user interface requirements add extra complexity to programs. Developers
must implement a friendly user interface as well as implementing the data structures
and algorithms required for some computational problem. Fortunately, one facet of
“user friendliness” is consistency. All programs running on a particular platform are
expected to work in similar style. Their windows should have the same functionality
and controls (drag region, grow box, close box, etc.); a menu bar should be placed at
the top of each window or at the top of the screen; dialog boxes are to be used to
select processing options and should use a variety of standardised controls such as
check boxes and groups of radio buttons. Such requirements for consistency really
make the reuse of interface components a part of the specification of a program.

Reuse becomes mandated, it is not simply a matter of enhanced productivity.

However, things get more difficult when the user acts and the program reacts. A
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characteristic of a user driven program is complexity in the flow of control. User
commands such as a change to the page setup, the resizing of a window, or an
editing action that adds or removes data, can occur in any order. Typically, each
such command will affect different aspects of the run-time environment - aspects
such as menu options, data displays, and window/view structures. Since most of
the user commands affect the underlying data, they may necessitate updating the
amount of “travel” in any scroll-bars that may be associated with a window
displaying the data. Consequently, the code determining this travel may have to be
called from any of several quite different contexts. It is in cases like this that
problems arise. A programmer may fail to perceive an implicit consequence of some
user command; this failure could result in programs with abnormal behaviours (e.g.,
a program whose scroll-bars appear oblivious to data editing actions and only
respond when a window is explicitly resized). Alternatively, the programmer

produces some ad hoc solution with a complex flow graph.

Complexity of the control flow often results in program errors. After all, routines are
typically written assuming a particular call pattern, with concomitant prior creation
and initialisation of all necessary data structures. When other call sequences are
imposed later, initialisation steps can be forgotten and so errors may arise. Often
these errors seem intermittent and so are difficult to detect. Problems only arise with
non-standard patterns of interaction. If the programmer implementing an interactive
editor lacks a strong model, the code tends to become convoluted, unreliable, and

difficult to maintain or extend.

1.3 OBJECT-ORIENTED DESIGN AND IMPLEMENTATION

The application of object-oriented design has proven to be very beneficial to the
development of flexible programs. The basis of object-oriented design is abstraction.
The abstraction forms a stable definition of objects in which the relationships among
the objects are explicitly defined. The implicit reliance on another component’s data

does not occur. Thus, the design can be extended with minimal effort.

The object oriented paradigm provides four fundamental concepts: objects, classes,
inheritance, and polymorphism. A software is organised into objects that store both
its data and the operators that work on this data. This permits developers to abstract
out the essential properties of an object; those that will be used by other objects. This
abstraction allows the details of the implementation of the object to be hidden, and
thus easily modified. Objects are instances described by a class definition. Classes
are related by inheritance. A subclass inherits behaviour through the attributes and

1-3
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operators of the base class. Polymorphism allows the same operation to behave
differently in different classes and thus allows objects of one class to be used in place

of those of another related class.

1.4 EVOLUTION OF APPLICATION FRAMEWORKS

One of the main claims of the object-oriented programming approach is that it
facilitates the development of complex programs by allowing reuse of components.
Most compilers for OO languages are now supplied with class libraries. In addition
to those provided with the compilers, there are many other class libraries that are
either available from commercial suppliers or which exist as public domain code
(usually accessible from archive sites on the Internet). Most of the public domain
class libraries are for C++ on UNIX, with a few for the PC platform.

Some of these class libraries are simply collections of supposedly useful components.
The classes in these libraries will typically define “abstract” (programmer defined)
data types. Instances of these classes can be used to manage particular resources.
For example, a library might provide a class that represents a kind of “sparse array
manager”. An instance of this class could be created, in a client program, to provide
an initially empty array to which elements could be added, accessed, modified, or
removed without the client programmer having any need to be concerned with
storage management issues or the coding of efficient access methods. As another
example, a library class might simply provide a “wrapper” around some system
data, for example the data defining the time and date. The library class would
provide several alternative ways of accessing the time data, e.g., as a string, as
millisecond count, etc.

The majority of classes in such a library will be “concrete” (i.e., directly
instantiatable) with minimal or no provision for further extension or specialisation.
Although such class libraries are useful, they do not make a dramatic impact on
program development. Nonetheless, it is often better to use the classes from a
library. Usually, the library classes are thoroughly tested and shown to perform
correctly whereas it is quite likely that a hurriedly implemented version will contain

errors in the handling of less common cases.

Libraries with classes that are designed to be extended or specialised by client
programmers do have a more significant impact on the cost of developing new
applications. Some or most of the classes in these libraries will be partially

implemented abstract classes. Each class will define some concept (abstract type)
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and specify its behaviours. Default implementations of many of the behaviours may
be provided, while the implementation of others will be “deferred” (i.e., left as pure
virtual functions in C++). In some cases, the designer would have been able to
define sensible default implementations for all the behaviours of a class. Any such
class will be instantiatable, but will usually have provision for further specialisation
by subclassing. The designer of each library class should consider the needs of
programmers carefully who must implement the derived classes. Hence, protected
access functions would typically be provided for most (maybe for all) private data
members or the data members might be given protected access status. The majority
of the member functions would be declared as being virtual; and, of course, the

library classes would all have virtual destructors.

1.4.1 GUI Libraries

The graphical user interface (GUI) libraries provide individual building blocks and
complete subassemblies for the construction of user interfaces. The subassemblies
are provided in the form of clusters of related classes. GUI libraries are inherently
platform specific. The classes define various types of visual element from which an
interface can be constructed. Thus, there might be a set of classes that help handle
scrollable views that are too large to be displayed in their entirety. Such a set would
include classes that can be instantiated to provide various forms of scroll-bar that
control movement, and a “scroller” class that maintains a coordinate frame and
interacts with the scroll-bars. A programmer employing such a class library would
probably be able to use the scroll-bar class unchanged. The scroller class might be
abstract, with some member functions left as pure virtual functions. The
programmer creating a new application would then create a specialised subclass of
the class scroller, providing definitions for all pure abstract functions as well as

adding new functionality and, possibly, replacing some inherited virtual functions.

The GUI libraries are more complex than the component libraries. Part of the
complexity results from more extensive use of inheritance. Although the inheritance
structures are usually just trees, they may be quite deep. A specialised element, such
as a radio button, may be six or more branches away from the root of the tree
[Gray94].

Class libraries like these GUI libraries can significantly enhance a programmer’s
productivity. The ways in which instances of different classes interact will all have
been sorted out, thus saving the application programmer from having to do a lot of

design work. Typically, there are default implementations for the vast majority of
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the member functions of the various classes. Consequently, instead of writing an
entire interface, the application programmer needs to implement those functions that
are inherently application-specific along with any others whose default
implementations are considered to be unsatisfactory. Furthermore, the use of
standard classes enhances consistency among different products because
applications built using the same GUI classes will tend to have the same “look and

feel”.

1.4.2 Framework Class Libraries

Code reuse can be maximised through the exploitation of framework class libraries.
A framework can be viewed as providing a skeleton application that can be extended
and specialised through class inheritance. The framework libraries were developed
for creating interactive programs. In the run-time environment of an interactive
program, there are several objects present that own some part of the program’s data
and handle any commands that relate to their data. User actions, such as menu
selections, keyed input, or mouse-based interactions, are translated into commands

or messages that get sent to particular command-handling objects for processing.

The authors of the framework library started by identifying a set of “command-
handler” objects that could be conceived of as being present in any executing
program. The various tasks that a program has to perform were then partitioned
amongst these objects, and so the forms of specialised kinds of command-handler
classes evolved. For example, there was a “document” command-handler. A
document “owned” the data structure that was being manipulated by the program’s
user, it looked after changes to that structure, and it arranged transfers between disk
files and the main memory. An “application” command-handler was responsible for
overall organisation of the objects that made up a running program, and it
performed much of the work involved in translating low-level operating system
events into commands that could be sent to other objects. “View” command
handlers provided a x, y-coordinate framework for the display of data, methods for
drawing data, and methods for responding to mouse-based data selection and
editing actions.

The authors of the frameworks sorted out all the typical patterns of interaction that
occur among these principal command-handler objects. These interactions were then
encoded in the member functions that were defined for these classes. For example, if
an application object found that it was dealing with a “Quit” command, it would

remember to warn any document objects that were present. Each document object
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could then check to determine whether its data structure had been altered. If the
data had been altered, the document would display a standard alert asking the user
whether the data should be saved before the program terminated. Once it had either
saved or abandoned its data, each document would proceed by disposing of any
view objects that it had created to display its data. Here, there is a complex pattern
of interactions among instances of the application, document, and view classes. But
the normal responses can all be defined and provided as functions such as
Document::Close(), Application::Quit(), etc. Of course, these functions
would be specified as being virtual - a programmer should have the opportunity of

changing standard patterns of behaviour if really necessary.

In a typical framework, there are hundreds of such patterns of interactions associated
with standard user commands and run-time events. Each interaction may involve
several objects; the work performed by each object may entail a series of nested
function calls; and there may be some cycles in the call patterns. For example, the
application object might ask a view to handle a mouse action and, in doing so, the
view might ask the application object to perform some function such as adding a

“mouse-command object” to a list.

The application, document and view classes in a framework library will be partially
implemented abstract classes. While many of the behaviours of these classes, and
patterns of interactions among instances of these classes, can be identified, actual
details of implementation of some behaviours have to be deferred and left for
definition in derived classes. It is not uncommon for these classes to have one
hundred or more different member functions [Bisc92]; most of which will have

default implementations.

1.4.3 Examples of Framework Class Libraries

MacApp-1.0 [Schm86, RoDo*86] was one of the earliest of these frameworks. It was
created to facilitate the implementation of applications for Macintosh computers. It
had been noted that, excluding games and other special programs, all the early
Macintosh programs could be conceived as involving: 1) an application that handled
interaction with users and managed documents, 2) one or more documents that
managed the run-time data structures representing the information manipulated by
the user, and that organised data transfers to and from disk files, 3) views of the data,
and 4) application specific data structures (e.g., paragraphs in a word-processor,

records in a database, or graphics elements in a MacDraw like graphics editor). The
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first three of these four parts were essentially the same irrespective of the application.

Inevitably, very similar code was being re-implemented in each new program.

It was realised that if suitable abstractions could be found, much of the standard
code could be provided in a library (with the proposed standard Macintosh look and
feel actually implemented correctly for once). For example, every Macintosh
application had to include an event loop [WiRo*91] that received mouse-down,
keystroke, update, and other events from the underlying operating system and
which distributed these to other components in the code for handling. This standard
code could be provided as a Run() method for an application class. This Run()
method would sort out the events, passing updates to appropriate view objects,
resolving mouse movements into menu requests and drawing actions. The general
behaviour of an application object, and its modes of interaction with views and
documents could be almost completely characterised with default implementations

provided for all required functions.

MacApp started with Object Pascal as its implementation language but switched to
C++ later on. It served as a model for many other framework libraries and it is still a
fairly useful development aid for the Macintosh platform. Version numbering for
MacApp changed after 3.3.3, so that the next major version was called Release 12.
The most recent version of MacApp is Release 13, Update 4 [INET11}].

ET++ [WeGa*89, WeGa%4] is a public domain class library for UNIX/C++
environments. Its initial structure was based on MacApp-2 with C++ substituted for
Object Pascal. Inspired in part by MacApp’s design, ET++ took advantage of a more
powerful platform, typically a Sun Workstation and provided many extensions with
a more consistent design and implementation. Unidraw [VILi89] is another example

of an application framework on UNIX for structured graphics editors.

Currently, the most active area for framework development is for the Windows™
operating system. The leading product was Borland’s Object Windows Library
(OWL) which provided most standard framework components. In addition to the
main framework classes, the Borland product included an extensive set of collection
classes. Microsoft entered this market relatively late but has introduced the
Microsoft Foundation Class (MFC) library. In order to compete with the success of
MFC, Borland has introduced the Visual Component Library (VCL) with its new
product C++Builder [INET12]. Unfortunately, incorporating OWL classes in VCL
applications is not straightforward [INET13].
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instance, when a company undergoes a private or public offering, a large number of
documents must be drafted and agreed upon by several parties, including the
company executives, the company’s law firm, and the underwriting financial
institution. During the drafting exercise, the document must be distributed to the
different parties many times. Even though more than 90 percent of business
documents originate in electronic form, individuals and organisations still spend 300
billion US dollars annually on physical document delivery services [INET14].
Despite the obvious speed and cost advantages of communicating over the Internet,
most businesses still rely on traditional delivery methods when sending important
information. Customer surveys indicate that the Internet lacks two qualities required
for important business communications and transactions: reliability and trusted
security. However, more communications and business processes are moving online
everyday. The pace at which e-commerce and electronic document exchange

applications are improving is whiplash fast.

However, the author is not concerned about the actual document or information
exchange process. He is more interested in developing a simple tool which might be
useful in resolving the queries or misunderstandings that arise sometimes specially
from paper-based communications. For example, ambiguous official memorandums
are not uncommon when the medium of communication is English but the
participants are non-native English speakers. Annotations are helpful in this context.
An annotation to a document is a comment on or question about the document.

Traditionally, paper annotations are little notes jotted on the margin of a paper.

However, annotations may be organised in “conversations”, where one annotation
answers or refers to another. If all the annotations are collected and preserved, the
logical structure of the conversation becomes more apparent. This raises the
possibility of using sound objects for annotating a document. A short question in the
form of natural conversation, recorded and preserved as a sound object can clarify
things quickly and effectively rather than formal speech or writing. However, some
graphics tools are also necessary to mark or highlight a document when sound

objects are used for annotation.

An application, therefore, would be useful if it could deal with externally created
vector or bitmap images, graphics primitives and sound objects in any sequence.
The application should provide the end-users with facilities to work on external
images with free-hand curves and other graphics tools, record their voice, save

everything in one disk file and animate them later, if necessary. This type of
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multimedia application would be useful not only for annotation with sound objects
but also for various illustration purposes. One of the main objectives of this research
is to develop a prototype of such an application. This prototype is referred to as
Glasgow Graphics and Sound (GGS) in this thesis.

The software architecture of GGS should be flexible and robust. It must allow
changes to be made easily and it must be decoupled from the way the objects are
stored and retrieved later. One way of achieving this is to make the objects persistent
and avoid deciding on a file format for storage altogether. However, it is necessary
to understand the techniques or mechanisms available to add persistence to objects

and select one of those techniques for GGS.

Now the research objectives can be summarised. The reasons for engaging in this

line of research are fourfold:

* to learn object-oriented software design and implementation techniques and

to exploit the opportunities provided by an application framework;
* tolearn “user-friendly” graphical interface design principles;

* to develop a prototype multimedia application for annotation and
illustration;

* to understand object persistence and select one suitable persistence

mechanism for the multimedia prototype.

1.6 APPLICATION FRAMEWORK SELECTION

The recent advancement in the PC technology has already made a remarkable impact
on the industry. The dramatic enhancement in the PC clock speed and associated
technology has blurred the price/performance difference between UNIX work-
stations and PC’s. A number of UNIX based technologies are no longer actively
being developed to cope with the recent advancement. The Microsoft Windows™
market is the growing segment of the industry. In the present circumstances, the
selection of Windows™ as the target platform for this research project has not been a
difficult decision. However, Windows™ comes in various flavours. But only the
32-bit versions - Windows 95/98/NT 4.0 (collectively referred to as Windows later
on) are targeted here for the development of the multimedia prototype.

To work with an application framework, the choice of C++ as the programming
language is almost unavoidable since most of the frameworks are written in C++.

Although Java is getting a lot of press, almost every major Windows application
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Chapter 1 Introduction

The function WinMain() does any initialisation that is necessary and sets up the
window or windows that will be the primary interface to the user. It also contains
the message loop for retrieving messages that have been queued for the application.
The function WindowProc() handles all the messages. WindowProc() contains
the application-specific response to each Windows message. WindowProc () should
handle all the communications with the user by processing the Windows messages
generated by user actions, such as moving or clicking the mouse, or entering
information at the keyboard. A program written in C with Windows API calls, hooks
into the Windows machinery [ShWi97] by writing large switch statements in the
WindowProc() function to handle the messages. It is certainly a better picture
when MFC is used to develop a Windows application. To allow an application to
receive Windows messages, MFC employs a class named CCmdTarget and a lookup

mechanism called message maps.

1.6.2 The MFC Library

The core of the MFC library is an encapsulation of a large portion of the Windows API
in C++ form. Library classes represent windows, dialog boxes, device contexts,
common GDI objects such as brushes and pens, controls, and other standard
Windows items. These classes provide a convenient C++ member function interface

to the structures in Windows that they encapsulate.

But the MFC library also supplies a layer of additional application functionality built
on the C++ encapsulation of the Windows API. This layer is a working application
framework for Windows that provides most of the common user interface expected of
programs for Windows, including toolbars, status bars, printing, print preview,

database support and many others.

The MFC library has been chosen as the application framework for developing the
multimedia prototype, not just because it provides an efficient C++ interface to
Windows programming. An MFC program is portable to a wide variety of platforms.
Since MFC is built on top of the Win32 API, any platform that supports the Win32
API can be targeted by an MFC application. An important aspect of MFC portability
is that Win32-based platforms are not limited to Windows. Through the use of the
Windows Portability Layer, MFC applications built on Win32 can also be built to run
under the Macintosh operating system. MFC applications can target not only Intel
processors but also PowerPC, Alpha AXP and MIPS processors since Windows NT
runs on them. In addition, UNIX and VMS porting kits are also available for the
developers to port their MFC applications to these platforms as well [MSDN11].
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Chapter 2 Object Persistence and C++

2.1 INTRODUCTION

Persistence may well be the most important capability of a computing environment.
Without it, every calculation would have to start anew. Databases and file systems

could not exist. We would have a memory-less computing landscape.

Unfortunately, most of today’s popular operating systems still adhere to the model
of flat files developed in the early days of computing and leave it up to the
application to provide any required structure. We can save data but the application
has to contain logic for writing its data to a flat file in a way that will permit it to
reconstruct the data structure later.

C++ has emerged as the de facto standard language for software development. It
blends the C language with support for object oriented programming and its newly
enhanced template features [ANSI97] bring another new programming
methodology, generic programming. This triple heritage makes the language very
powerful but unfortunately, C++ does not have any built-in support for object
persistence. However, there are different techniques for adding persistence to C++

objects and some of these techniques and strategies are discussed in this chapter.

2.2 STREAM FACILITIES IN C++

C++ streams are close to offering some form of language-supported persistence.
“The stream I/O family in C++ is exclusively concerned with the process of
converting typed objects into sequences of discrete characters and vice versa”
[Stro93]. All data is converted to a common ASCII text format, allowing data to be
easily transferred back and forth from secondary storage. Stream-based persistence
stores objects in a text-based data store. The C++ stream library converts and
transfers the built-in types. Structures and classes are the programmer’s
responsibility to convert and transfer to a hard disk. They are not as difficult to
stream as it may first appear, since they can be recursively broken down into a set of
built-in types.

The most basic level of persistence is provided by overloading the shift operators to
allow an object’s data to be streamed. For example, a class designed to represent a
line in a two-dimensional plane can use the start and end coordinates as the basic
data necessary to describe the line object. Hence, a line object can have four built-in
integer data members representing the coordinates. When saved, each integer is

usually separated by a space to ensure correct interpretation when the data is
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restored. The restoration of the line object has to be performed in the same sequence

as when it was stored.

In addition to the correct order of instance data, the order in which the objects
themselves are saved and restored must be maintained. An application’s persistent
store would normally contain more than one single data type. For example, a line
class and a rectangle class are created, both using a pair of coordinates. The line
coordinates describe the end points and the rectangle coordinates represent the
locations of the opposite corners. For the items to be restored correctly, the
application needs to be aware of the order in which each object was saved. Without
the explicit knowledge of object restoration order, the application needs to determine

the owner of each data item.

The stream facility is well suited for small amount of simple data types. The
technique works only if the overloaded operators (i.e., << and >>) write and read
data members of types for which the insertion and extraction operators have already
been defined and known at compile time. The limits of this technique are revealed if
the objects contain polymorphic data structures. The C++ polymorphism allows a
base class pointer to refer to a base class object and any object derived from it. To
restore a polymorphic pointer correctly, the object’s exact type is important. A base
class pointer must be restored with a pointer to an instance of the original
polymorphic type. The stream facility in C++ cannot read back objects without
knowing their exact types [LaSi93].

2.3 HIDDEN POINTERS

Each object of a class that has virtual functions, contains a hidden pointer that points
to a virtual function table, called the vtbl. The vtbl contains the addresses of the
virtual functions. It also contains the offsets or ‘deltas’ that are used to find the
address of a derived class object given the address of a base class sub-object. Virtual
function invocations involve an indirection that uses the vtbl pointer to access the
entries in the virtual function table. Similarly, a virtual base class requires an
indirection through a pointer, called the vbase pointer which is required to
implement the sharing of the virtual base class in objects of types specified using

multiple inheritance.

Virtual functions and virtual base classes have an impact on persistence because of
the ‘hidden’ vtbl and vbase pointers generated by C++ compilers to implement

these facilities. The vtbl and vbase pointers are called ‘hidden’ pointers because
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they represent implementation related information and are invisible to the user.

Many C++ programmers are not even aware of their existence [BiDa*93].

Unfortunately, the hidden pointers are volatile pointers, i.e. they are not valid
beyond the lifetime of the program that created them. Saving objects containing
hidden pointers on disk and then reading them back in another program means that
the hidden pointer values in the objects read from disk are invalid. This can also be
true for the same program if it gets relinked for any reason, changing the address
assigned by the linker to the virtual function tables [Dixi98]. The same observation
holds for the values of data members that are volatile pointers. The problems with

volatile data members are discussed later in detail.

2.3.1 Retrieval Using A Special Constructor

There are couple of solutions to fix the hidden pointer problem. One of them is
based on the fact that each class constructor, as translated by the C++ compilers,
contains code to properly initialise the hidden pointers. This code is executed prior
to the execution of the constructor body, written by the user. The basic scheme is as

follows:

* An object is read from a hard disk. As a result, the page on which the object
resides is brought from the disk to the main memory but the object contains
bad hidden pointers.

* A special constructor is applied to the object without changing any data

member.

There are two obstacles to implementing the above scheme. Firstly, C++ does not
allow a constructor to be invoked in conjunction with an existing object. Secondly, a
constructor defined by the user cannot be used to correctly initialise the hidden
pointers in an object read from the disk because the constructor may modify the
values of the data members of the object and even update other objects as well. Itis
essential to invoke a constructor that will not modify any data item. Hence, it should
have a null body.

The first problem can be solved by defining an overloaded version of the global
operator new function. When an object of class CMyClass is created by calling
new CMyClass(..), C++ does two things:

* The function operator new is called to allocate memory for the storage of
the object.
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* An appropriate constructor (as determined from the arguments to the
constructor supplied with the invocation of new) is called to initialise the

hidden pointers and other components of the object.

In the context of fixing hidden pointers, the storage allocation is completely
unnecessary. We simply want the operator new to execute the constructor. The

following overloaded version of new is an example:
Listing 2.1 One Example of Overloaded Operator New

void* operator new(size_ t, void* p)

{

return p ;

C++ requires the first parameter of an overloaded definition of the operator new
to be of type size_t and that new returns a value of type void*. If the memory
address of an object’s location is passed to this overloaded function in Listing 2.1, it

simply returns the input address as its result.

Now if we have the previous image of the object from a binary file, we could just do

the following:

char* buffer = new char[sizeof(CMyClass)]

~e

binary read(buffer, sizeof(CMyClass)) ;

CMyClass* pMyClass = new(buffer) CMyClass

~e

If the constructor has a null body, the data members will remain unchanged but the
‘hidden’ code in the constructor added by the compiler will reconstruct the vtbl and
vbase pointers, if present. However, please note that binary_read is an
illustration only; an appropriate I/O routine should be used to bring the object from
the disk to the main memory.

2.3.2 Problem with the Special Constructor

Unless otherwise specified, a constructor for a class will invoke the argumentless
constructor for each of its base class sub-objects and for every data member that is a
class object. All constant and reference members are also initialised by the
constructor. Hence, a special constructor that fixes the hidden pointers but does not
alter the data members must invoke similar special constructors for each base class

sub-object and for every data member that is a class object. This is possible to
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implement by generating a default constructor with a null body for every class. But
the classes must have other constructors for regular use. The constructor that takes
no argument has to be reserved for fixing hidden pointers only. But this solution
fails when a class has an array of class objects as a data member. In such a case,

constructors with arguments cannot be used.

The database programming language O++ [AgGe89] is based on C++. Among other
things, O++ provides facilities for making C++ objects persistent. O++ is an upward
compatible extension of C++. O++ programs are translated into C++, complied and
linked together with the Ode Object Manager [DaAg*93]. The O++ implementation
handles the hidden pointer problem by modifying each user-specified constructor so
that it would do nothing (i.e. execute no statements) when it is called to initialise the
hidden pointers. The value of an integer global variable _fix_hidden [BiDa*93] is
used to determine whether or not the constructor has been invoked to fix the hidden

pointers:

CMyClass::CMyClass (parameter declarations) initialiser-list

{
if (! fix hidden)
{
}

}

Other initialisers that specify initial values for data members, are modified to change
the values of the data members only if the constructor is called to initialise a newly
created object. They have no effect if the constructor is invoked to fix the hidden
pointers for an object that has been read from the disk. For example, an initialiser of
the form:

m (initial_value)
where m is a data member, is transformed to the following:
m (_fix hidden ? m : initial_value)

When _fix_hidden is nonzero (i.e., true), the initialiser effectively assigns the

member to itself and consequently does not change the value of the data member.

2.3.3 Retrieval Using the Assignment Operator

Another solution to fix the hidden pointer problem is to use the assignment operator.
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The basic scheme is as follows:

* Space is allocated for an object read from the disk. The object contains bad
hidden pointers.
* A new object is created with correct hidden pointers.

* The object read from the disk is assigned to the new object.

The default assignment performs member-wise assignment of the components of the
source object to the destination object. In particular, the hidden pointers are not

copied from the source object to the destination object.

The disadvantage is that the storage has to be allocated twice for every object. In
addition, this solution assumes that the assignment operator performs member-wise
assignment. These are the semantics of the default assignment operator generated by
the C++ compilers. However, users are allowed to define their own version of the
assignment operator. This may invalidate this solution if the explicitly defined

assignment operator does not perform member-wise assignment or has side-effects.

24 MEMORY MANAGEMENT AND SMART POINTERS

So far we have seen that the objective is to store C++ objects as simple sequences of
bytes in disk files. Then the saving/loading of objects becomes the saving/loading
of a portion of the main memory image. Unfortunately, saving objects on disk
containing volatile pointers such as hidden pointers and embedded pointer data
members and then reading these objects back from the disk does not solve the
persistence issue because the volatile pointer values in the objects will be invalid. We
have discussed about hidden pointers in Section 2.3 and realised that it is necessary
to bypass the usual C++ object allocation mechanism and to get control on object

allocation.

Memory management mechanisms for persistence are not new. In Smalltalk, the
program’s entire memory image is dumped on disk and restored when running the
program later. This is one way of saving and loading the memory without worrying
about its content, i.e., without distinguishing the data from the executable.

In a simple memory management approach, all kinds of objects that must be
persistent can be stored in an array and the entire array can be saved on disk or
loaded in memory instead of one object at a time. This is possible by overloading the

operator new so that the objects can be allocated in a predetermined array instead
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of scattering them in the heap. The concept of an array can be easily extended to

coarse-grain objects, memory pages or files.

One possible version of the overloaded new is as follows:

void* operator new (size t size, char* arrayName)

{
void* ptr ;
ptr = allocate (size, arrayName) ;
return ptr ;

}

An appropriate allocate() function stores the new object in the array,

arrayName. Here is an example of an allocation:

char arrayl[100] ;
CMyClass* pMyClass = new(arrayl) CMyClass(..) ;

Similar functions like allocate( ) are necessary for freeing objects from the array
and the full exploitation of the memory space. The main advantage of this scheme is
that the storing and loading operations are very simple because they just read and

write to an array. For these operations, the array is like a piece of raw memory.

To deal with pointers in user-defined objects, they must be represented in an
address-independent way so that they remain valid every time the array is reloaded.
This can be solved through a logical pointer mechanism that allows the identification
of objects independent from their actual physical address. One good option is to use
an object’s offset in the array because it does not change if the array is reloaded and
can be managed easily. But built-in pointers have a behaviour that cannot be
modified. Thus, something similar and more powerful, e.g., a special class can be
used that behaves like a pointer but refers to the actual object’s address by using its
offset.

2.4.1 Smart Pointers

The “Smart Pointer” technique allows the implementation of a special class such as
just described. Smart pointers are template classes that behave like pointers to other
classes. One simple example [DaDa95], [Hors93] of their implementation is as

follows:
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Listing 2.2 One Example of a Smart Pointer Class

// For simplicity, let us consider arrayl as a global variable
template <class X>

class Pointer

{
Pointer() : nStore(0), bStoreAssigned(false) {}
// p should point to an object inside arrayl.
// That must be checked before calculating nStore
Pointer(X* p) .
{nStore = (char*) p - arrayl; bStoreAssigned = true;}
X* operator->()
{ assert (bStoreAssigned); return (X*)&arrayl[nStore}; }
X& operator*()
{ assert (bStoreAssigned); return *((X*)&arrayl[nStore]);}
private:
X* nStore ;
bool bStoreAssigned ;
}

Except for the type declaration, instances of this Pointer class can be used in the

same way as regular pointers:

Pointer<Employee> pe = new(arrayl) Employee(*”James Bond”) ;
strcpy( s, pe->name() ) ;

Employee Agent 007 = *pe ;

The pointers are smarter for two reasons. Firstly, they are always initialised to 0, not to
some random value. Secondly, any attempt to indirect through a smart pointer when
it is not properly assigned, will lead to an assertion failure. Storing/loading operations
on the array (i.e., the object container) do not change the offsets of the objects. Hence,
pointer data members can be stored without problem using the smart pointer
mechanism as illustrated in Listing 22. The mechanism solves the problems of
recognising pointers and references among objects inside the array. However, it does

not consider any attempt to access the objects from outside the array.

The mechanism in Listing 2.2 can be extended with an array of smart pointers stored
and loaded together with the arrays containing objects. A solution in [DaDa95]
demonstrates a variation of reference counting technique through the handle class
idiom [Booc91].
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2.4.2 Evaluation of Smart Pointers

The persistence mechanism using smart pointers offers some advantages. It could be
associated with a large number of applications without modifying their design. If
the user needs an object to be persistent, s/he must declare a smart pointer to it. The
user can then execute all the operations usually done with regular pointers. The
object pointed to by the smart pointer can reside in an array and the user can store
and load this object without worrying about its content. The concept of an array

holding objects can be extended to specialised object containers [FuDa93].

A drawback is that the entire array and therefore all the objects must reside in the
main memory. When more than one array is involved, the level of indirection

increases which has its usual penalties.

Unfortunately, smart pointers do not respect a public inheritance hierarchy. If two
classes, Apple and Orange are derived from Fruit, Pointer<Fruit> cannot be
used like built-in base class pointers in place of Pointer<Apple> or
Pointer<Orange>. As far as compilers are concerned they are three separate
classes and they have no relationship to one another. Fortunately, there is a way to
get around this limitation by using member function templates [Meye96] so that
compilers can generate implicit type conversion functions to help with the

inheritance relationships.

2.5 RELATIONAL DATABASES

Let us now move on to databases before describing other techniques for persistence.
Most real-world commercial applications store their data to a relational database and
with good reason. Most business systems are not created in a vacuum. Typically,
they must interoperate with legacy systems and they must access legacy data. In
other words, in many circumstances there is no choice other than a particular

relational database as the persistence mechanism.

Relational database technology is mature. It has been tested, its performance is well
understood and there are good tools to support the development and maintenance of

large relational database applications.

2.5.1 Mapping Objects to Tables

If a relational database management system (RDBMS) is chosen as the persistence

mechanism, then an object’s state will be mapped to a set of rows in one or more
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tables in the RDB. Usually the decisions taken in this context affect the system’s
performance. Mapping C++ objects to database tables involves the translation of an
object’s primitive data types to database data types and the representation of its

hierarchies and associations.

An application programmer has to program in two different languages with distinct
syntax, semantics and type systems, namely, the application programming language
(e.g., C++) and the data manipulation language of the RDBMS (i.e., SQL). The logic
of the application is implemented using the programming language while SQL is

used to create and manipulate the data in the database.

When any data are retrieved from a relational database, they have to be translated
from their database representation to the in-memory programming language specific
representation. Similarly, any data updates have to be explicitly communicated to
the database using another SQL statement, causing the data to be translated from the
in-memory representation back to the database representation. All this comm-
unication back and forth between the database and the application leads to some
unnecessary processing of data which is commonly known as the impedance
mismatch problem [SrCh97].

2.5.2 Binary Large Objects (BLOB)

Mapping an object to database columns can dramatically slow the performance of
the system. An alternative method is to store the entire object as a binary stream of
bytes, known as BLOB. The key values are stored as attributes in columns, but the
bulk of the data is not differentiated. However, the database cannot manipulate or
sort on that data but by using the keys, it can retrieve the BLOB which can then be
reconstituted in the application.

The decision on which parts of an object to put in the BLOB is critical. This decision
changes as the physical design of the database is modified during the development
and maintenance cycles. Indexes can only be put on columns, not on a part of a
BLOB because the BLOB is just binary bits to the database. This forces the developer
to decide once and for all time which fields to key on. The decision to add new keys
requires a change to the definition of the table as well as a redefinition of the BLOB
which can be an expensive maintenance decision. This can make the design more
viscous because it is harder to change as requirements shift. For this reason, many
developers do not use a BLOB. They just make columns for their data and accept the

trade-off in performance.

2-10



Chapter 2 Object Persistence and C++

Classically, when a database-centric system is built first, the developer spends a good
deal of time tweaking the database to make it run faster. The database definitions,
the SQL embedded in the application code, the database utilities are all suspects

when it comes to finding performance bottlenecks [Libe97].

2.6 OBJECT ORIENTED DATABASES

While many systems routinely manage the conversion between objects and relational
databases, there is something unnatural about this relationship. The issues can be
encapsulated, but it is not possible to escape from the fact that relational databases

think in terms of relations, not objects.

An obvious alternative is to build a system on top of a true object-oriented database
(OODB). Just as fixed length rows in tables are the natural unit of storage in a RDB,
objects are the natural unit of storage in an OODB. An OODB is a natural match
when using objects in programs. From the application programmer’s viewpoint,
there is no need to transform his/her objects. The database management system
takes care of any transformations required to transmit the objects from the program
to the OODB and vice versa.

There are several advantages of using an OODB when working with a language like
C++:

* There is no need to do any “data modelling” and type conversion as the unit
of storage is an object.

* Translation of objects into rows and rows into objects is not necessary, as
there is when using a RDB. Hence, for certain types of applications, the
runtime performance of an OODB can be superior to a RDB.

* Usually OODBs use implicit persistence. The user of an OODB does not have
to worry about loading and saving his objects and whether they are in the
main memory or in the OODB. This is all done transparently by the OODB.

These advantages are especially important in applications where the data consists of
a small number of objects that have complex inter-relationships and not many
queries are necessary. RDBs tend to perform better when a large number of objects

are present with simpler inter-relationships but with many queries [Libe97].

2.6.1 Querying An OODB

OODBs for C++ typically use native C++ as the language to define and manipulate
objects. Definitions are essentially just the header files normally produced as part of
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developing the application. Data manipulation is accomplished through the normal

C++ syntax of accessing data members of objects and pointers to objects.

There are two groups on the subject of query languages. One group tries to embed
SQL in C++, so that the same types of queries are available as in traditional RDBs.
The other group tries to stay with C++. For example, one approach is not to query a
whole database, but to query a container [SrCh97]. A query on a container is a
binary expression which returns the subset of valid elements in the container that are

true for the expression.

As the OODB market matures, clients expect that these products will support the
same set of multi-user features that RDBs support. This includes transactional
control, journalling, security, protection, etc. OODBs are beginning to penetrate the
transaction processing market (e.g., banks and insurance companies), and this will
require them to support thousands of simultaneous users and to store terabytes of
data.

2.7 POINTER SWIZZLING AT PAGE-FAULT TIME

A number of object database management systems (ODBMS) interact with the virtual
memory mechanism of underlying operating systems and provide implicit
persistence to objects. The particular technique used to achieve this object
persistence is often referred to as pointer swizzling. To understand this technique, it
is important to look at the demand-driven interaction between a modern operating

system (OS) and a persistent storage medium (e.g., a hard disk).

Modern operating systems have developed sophisticated techniques to run huge
programs simultaneously by keeping only a small portion of them in the main
memory at any given time. When the data or program accessed by an instruction is
not currently in the main memory, the OS page faults which raises a hardware
interrupt that allows the OS to call a special interrupt service routine [Vada95a] that
brings the required page from the disk after a number of security checks and then
resumes control from where the page-fault occurred. The program runs as if it had
the entire data and code in the main memory all along and the programmer is
completely unaware of the fact that his/her program is straddling the two memories
and thinks that the entire memory is available to use. Thus, the hardware interrupt
processing is done in a way that is transparent to the programmer. The virtual
memory management part of the OS decides (a) the pages to be evicted to bring new

page requests, (b) the pages not to be evicted because they are currently being used,
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(c) the size of the buffer, etc. The programmer sees only a single level of storage: the
main memory of size equal to the address space even though the real main memory

or his/her share of it is much less than the address space.

2.71 Two Level Storage Approach

Almost all DBMSs maintain a buffer or pool of objects. They bring in an object that is
dereferenced if it is not in the main memory and decide when to flush some objects

and when to lock, when to bring in new objects, etc. This is quite similar to what an
OS does.

However, there is one main difference. The programmer can see the difference
between dereferencing a persistent pointer and a regular pointer. In case of a
persistent pointer, the programmer has to explicitly call a function that does the

following:

* If the corresponding object is in the main memory, the function returns the
object’s address.
* If the object is not in the main memory, the function retrieves it from disk and

puts it in memory and then returns the object’s new address.

However, in case of a regular pointer, the programmer simply dereferences it. If the
corresponding location is not in the main memory, it is the OS that brings the page

containing the object transparently.

In this two level storage approach, whenever a programmer needs to dereference a
persistent pointer, s/he has to check if the corresponding object is resident in the
main memory. However, dereferencing a transient pointer is fully supported by the
underlying OS and the hardware. The programmer is completely unaware of any

disk interaction as a result of such a dereferencing.

The most important disadvantage of this two level storage approach is the time taken
for residency check. If main-memory objects are accessed frequently, then each such
access becomes a few orders of magnitude more expensive because of this residency
check. A natural question in this context is, why not treat the persistent objects as if
they are main-memory objects and when an object is not in the main memory, raise
an interrupt. Then the DBMS would process this interrupt just like an OS processes
an interrupt raised at page-fault time. Thus, the DBMS would bring the disk-
resident object into a main memory location, give its main-memory address to the

dereferencing program and resume computation as usual. This way, the application
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programmer does not see any difference between persistent and main memory
storage. The memory mapped architectures achieve essentially this uniform storage
view. The exact way in which each implementation achieves this single level storage
may differ from one another but they all use an essential technique called pointer

swizzling.

2.7.2 Difficulties in Using the OS Support for Persistence

An important consequence of relying on the OS support for dereferencing persistent
pointers is that the management of object buffers may also have to be done by the
OS. If the OS finds that there is no space available in the virtual memory allocated
for the process to bring in a new object, the OS decides which pages owned by the
process to evict and make room for bringing in the new object. Such a buffer
management by the OS may not exactly be in tune with the requirements of the
DBMS.

The question of using the OS support for persistence has been discussed quite
extensively in the literature and some of the main objections to such a dependence
are the following [Ston84], [Trai82]:

* Lack of control on committing to disk: Databases must be able to commit the
changes they made to the objects when the programmer wants to commit.
The operating systems, on the other hand, commit their files when the virtual
memory manager finds the need to do so, or when an explicit ‘close file’
command is issued. The grain of control provided by OS’s is thus inadequate

for databases.

* Limitations on the size: In the virtual memory architecture, the size of the
address space, and hence the size of a database if it is managed by an OS for
persistence, will be limited to the 32-bit address space in most hardware.

This may not be adequate for a number of applications.

* Look-ahead algorithms: For reasons of efficiency, one would like to be able
to load database objects ahead of the time they are needed. If we rely
completely on the OS for buffer management, loading ahead may not be
possible with the DBMS.

* Taking advantages of the usage patterns: It is possible that the usage of
database objects follows certain usage patterns and for reasons of efficiency,
the DBMS may want to exploit this pattern to decide which objects should be
flushed out from the buffer pool. Once again, relinquishing the control to the
OS may not be the best idea.
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Traditionally, for the above reasons, DBMS’s have maintained their own buffers
rather than depending on OS’s. However, recently a number of ODBMS developers
have started taking advantage of the “hooks’ provided by modern OS’s to provide an
efficient single level storage interface and also to circumvent the problems mentioned

above.

2.7.3 The Essentials of Pointer Swizzling

Let us assume that all objects in an application are initially disk-resident. Then, the
inter-relationship between any two objects is through some disk address. In other
words, one object points to another object using a disk address. When disk-resident
objects are brought into the main memory, the inter-relationship between any two
objects should be maintained in the main memory as well. If objects on disk are
viewed as a network or a graph, then the same topological relationship should be
maintained across the disk-to-main-memory transfer. This is achieved by replacing
all disk addresses by appropriate virtual memory addresses in the objects brought
into the main memory. This process of transforming disk addresses into

corresponding virtual memory addresses is called pointer swizzling.

When an object is brought into the main memory from the disk, it may have member
variables that are references to other objects. These data members are swizzled by
examining their disk addresses and retrieving the referred-to objects. These objects
in turn may need to swizzle their member objects in memory. Bringing a disk-
resident object may cascade through a number of swizzling operations and can,

therefore, be a very expensive process.

One answer to this problem is to defer swizzling the member objects until they are
needed. This lazy evaluation of member references can dramatically improve perfor-

mance at run time. The principle is to maintain the following invariant [Vada95b]:

* Every persistent pointer field of a persistent object that is currently in the
main memory must point to either
> avalid virtual memory address where the valid persistent object currently
resides or
» an unallocated virtual memory address that is access protected and will
be occupied by the valid persistent object when the pointer is

dereferenced.

Thus, whenever a pointer field is dereferenced in the main memory, either the

program reaches a valid object or it reaches an access protection violation and hence
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an interrupt is raised and the corresponding object is brought into the main memory.
This process of replacing the pointers at the time of page-fault is called pointer
swizzling at page-fault time and was developed independently by ObjectStore
developers [LaOr*91] and Wilson [Wils91].

When a pointer field is dereferenced a second time, the referred-to object is already
in memory and, therefore, the system will not page-fault and the program runs as if
the referred-to object has always been in the main memory. Thus, further
dereferencing of persistent objects takes place at the same speed as the usual main
memory access, eliminating further residency checks. This is the main advantage of

the pointer swizzling at page-fault time technique.

2.7.4 Wilson’s Approach

Motivated by the requirements to support huge address spaces (i.e., bigger than
what the virtual address space can support) at a uniform level, Wilson developed
[Wils91] an interesting way to map a 64-bit address space into a 32-bit virtual
memory address space in a uniform way. Essentially, Wilson uses 64-bit pointers for
referring to the disk-resident objects and the usual 32 bits for referring to the virtual
memory pointers. His scheme transforms the pointers from one format to the other
at the time of page-fault. Wilson used 64 bits as an example size but his methods

work with other sizes as well.

2.7.5 ObjectStore

Object Design International independently implemented an idea that is essentially
very similar to Wilson’s pointer swizzling at page-fault time and built a commercial
ODBMS by the late 1990’s. This system is called ObjectStore [LaOr*91]. It differs
from Wilson’s approach in the size. The addresses of the disk-resident objects and
the memory resident objects are of the same size. Whereas Wilson’s approach uses
64-bit addresses for disk-resident pointers, ObjectStore uses 32 bits to refer to both
main memory and disk-resident pointers. Also different are their motivations:
Wilson’s approach is motivated by the need to provide huge persistent stores and

ObjectStore is motivated by the need to eliminate residency checks as far as possible.

Within a short time after the first few approaches were produced, a number of
variations on ObjectStore and Wilson’s method were developed. QuickStore of
White and DeWitt [WhDe94] and Texas [SiKa*92] are some examples of these.
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2.8 ORTHOGONAL PERSISTENCE

So far we have discussed different extensions to C++ for persistence and some
features of database management systems that support C++. However, there are
persistent programming languages such as PS-Algol [AtBa*83] and Napier88
[SjWe*97] that recognise certain principles for persistent data:

* Orthogonal persistence: The principle of orthogonality states that all data
objects, whatever their type, have equal rights to persistence. This is in line
with the principle of data type completeness that all data objects should be

allowed the full range of persistence.

* Persistence independence: The principle of persistence independence states
that all codes should have the same form irrespective of the longevity of the

data on which they act.

* Transitive persistence: There should be a straightforward and consistent
mechanism for determining the longevity of data objects. The mechanism, in
most cases, is the persistence by reachability from other persistent or root
objects.

These three principles [AtM095] have been deployed recently in developing
Persistent Java (PJava) which is a persistent programming environment for the Java
programming language. PJava attempts to support a wide range of applications. A
major goal of PJava is to support arbitrary Java code to participate unchanged in

PJava applications [Jord96].

Unfortunately any further discussion on these language-based approaches is beyond
the scope of this thesis.

2.9 CLOSURE

In this chapter, we have reviewed a number of techniques and strategies for adding
persistence to C++ objects. The techniques have their advantages and limitations.
For example, OODB’s are quite powerful but there are situations where they are
mappropriate. In particular, OODB’s may cause unacceptable overheads for certain
types of applications. The basic problem is that small applications have to pay for
features they do not need. For example, an application that does not require
concurrency control or support for architectural heterogeneity still has to incur

additional time, space and development overheads [Cohe96].

The multimedia prototype, GGS as introduced in Chapter 1 is not a data-access
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application. Data-access applications typically update their data on a “per-
transaction” basis. They update the records affected by the transaction rather than
reading and writing a whole data file at once. An important objective is to develop
GGS as a standalone, lightweight and “e-mailable” application. Adding a database
support to GGS for persistence is clearly not the best option.

The MFC serialization is chosen for providing object persistence in GGS.
Serialization is an easy-to-use and easy-to-implement data storage method that
eliminates worries about file formats. It creates transportable stream of bytes that
can be stored in a file, sent around the world as an e-mail attachment or transported
to a remote client or server for later reconstitution. Serialization is discussed in great

detail in the next chapter.
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3.1 INTRODUCTION

Serialization is the process of writing or reading one or more objects to or from a
persistent storage medium. In this process, an object is transformed into a linear stream
of bytes, and deserialization is the reverse process of restoring the object from a byte
stream. Serialization is not only used for storing objects in persistent memory such as a
disk file, but also for transporting them from one place to another, for example, through

a network connection.

The basic idea of serialization is that an object should be able to write its current state,
usually indicated by the values of its member variables to a persistent storage. Later, the
object can be re-created by reading or deserializing the object’s state from the storage. A
key point is that the object itself is responsible for reading and writing its own state.

Thus, for a class to be serializable, it must implement the basic serialization operations.

This chapter presents an in-depth dissection of the implementation of serialization in the
Microsoft Foundation Class (MFC) library. As indicated before in Chapter 1, this
implementation was important for the development of Glasgow Graphics and Sound
(GGS). The MFC serialization provides the persistence mechanism to the multimedia
objects in GGS. In normal circumstances, the MFC user does not need to know the
serialization internals. It is easy and straightforward to add the serialization support to
an MFC application created by the AppWizard. This has been demonstrated in [Jack97]
by adding only three lines of additional codes to an existing project. However, when
something is that easy, there must be a lot of work going on behind the scenes. This is
especially true for MFC serialization.

It is interesting to look at the details of MFC serialization because it is not clearly
understood by most of the application developers [ShWi%]. MFC is full of
undocumented classes. The only way to explore and understand these classes is to
study the library source code. The discussions and illustrations presented in this
chapter are believed to be valuable for the future MFC users.

MEFC supplies built-in support for serialization in the class CObject. All classes derived
from CObject can take advantage of its serialization protocol. There is a lot of debate
about whether it is a good design to have almost every class in MFC derived from
CObject. C++ linguists, in general, do not prefer a single rooted hierarchy. They argue
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that such a design causes the virtual tables to grow and dramatically decreases the run-
time performance. Some others argue that it is not a good object-oriented design. After
revealing a number of important CObject’s internals, we shall revisit this question
and compare the functionality that CObject delivers with the performance hit taken by
adding its virtual table entries.

3.2 THE PROBLEMS

Serializing an object containing non-dynamic data is a fairly trivial process of
storing/retrieving each data member. For each member of a built-in type (such as int
or float) its value is written directly to the stream. But it begs the question of how to
read and write complex user-defined types. The answer is that each object delegates the
responsibility to read and write any non-primitive data members to the member itself
[Libe97]. That is, user-defined types write out their primitive members and tell their
user-defined members to write themselves. Each one, in turn, recursively delegates this
responsibility. Ultimately, every object can be written and read because every user-
defined type is composed of primitive types. The serialization of dynamic data

structures, on the other hand, introduces several complicated issues.

3.2.1 Pointer Storage

Dynamic data structures by definition contain pointers and, as discussed in Chapter 2, it
is meaningless to store pointers in a byte stream since their values will be invalid when
restored later. In the context of serialization, one solution to this problem is to store a
unique object ID in place of the pointer to represent the object referred to by the pointer.
That same ID must then be used in the stream everywhere pointers to that object appear
in the data structure. When the data structure is later restored from the stream, the
dynamic object must be recreated and all occurrences of its ID must become pointers to

the recreated object.

3.2.2 Virtual Constructor

Arbitrary types must be created as needed, but the new operator can only create an
explicit type, so a “virtual constructor” for CObject is necessary. A virtual constructor
is used when the type of an object needs to be determined from the context in which the
object is constructed [Copl92]. In MFC, the context is based on the information read
from a serialized archive. However, a virtual constructor is only a concept and not part

of C++ language.
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3.2.3 Base Class Pointer

Another issue arises due to the compatibility in C++ between derived and base class
pointers. When storing an object of a derived type through a base class pointer, we must
store (and later restore) the derived type object, even though the static types in the code
performing the serialization are all of the base class pointer type. Performing this
restoration correctly requires the insertion of some class information into the
serialization stream and a mechanism to dynamically create objects of a type indicated

by the information in the stream.

3.3 A SERIALIZABLE CLASS
The following steps establish the general algorithm for serializing an object:

* The parents in the inheritance hierarchy are asked to serialize themselves.
* Primitive data members are serialized.
* Then object pointers are serialized.

* Sub-objects (i.e. user-defined objects) are asked to serialize themselves.

This last act of asking member objects to serialize themselves, allows the implementation
of serialization to be fully encapsulated and localised in that object which knows best
how to do it. In other words, the serializable base class does not change when new
classes are added. Classes that contain a new type do not need to change either. The

responsibility for serializing that new type is encapsulated in the new type itself.

In MFC, five main steps are required to make a class serializable [MSDN31]:

* The class should be derived from CObject or its children.

* The class should override the Serialize () member function.

* The DECLARE_SERIAL macro should be placed in the class declaration.

* A constructor that takes no argument is necessary.

* The class implementation should contain the IMPLEMENT_SERIAL macro.

MEFC uses an object of the CArchive class as an intermediary between the object to be
serialized and the storage medium. This CArchive object is always associated with a
CFile object, from which it obtains the necessary information for serialization,
including the file name and whether the requested operation is a read or write. The

object that performs a serialization operation can use the CArchive object without
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regard to the nature of the storage medium.

A cArchive object uses overloaded insertion (<<) and extraction (>>) operators to
perform writing and reading operations. If the Serialize() member function is
called directly rather than through the >> and << operators of CArchive, the last three

steps (i.e. the macros and the default constructor) are not required for serialization.

34 THE MACROS IN MFEC

One common pattern in MFC is the use of pairs of macros (DECLARE/IMPLEMENT) to
add various functionalities to new classes. The DECLARE macros always declare some
member variables and functions for a class, while the IMPLEMENT macros, as the name
suggests, always implement the member functions. The DECLARE macros always go in
the header file and the IMPLEMENT macros always stay in the C++ file. The function-

alities offered by these macros can be divided in three categories as shown in Table 3.1.

Table 3.1 The DECLARE / IMPLEMENT Macro Pairs in MFC

Macro Pair RTCI Dynamic Creation | Serialization
DECLARE_DYNAMIC/ v M <
IMPLEMENT_DYNAMIC
DECLARE_DYNCREATE/ v v <
IMPLEMENT_DYNCREATE
DECLARE_SERIAL/ v v v
IMPLEMENT_SERIAL

3.4.1 Run Time Class Information (RTCI)

The serialization mechanism is built on top the CObject'’s run time class information
(RTCI) feature that lets the developer determine information about an object such.as
class name and parent at run time. The code to support RTCI lives in all DECLARE/
IMPLEMENT macros. The following example shows how to use RTCI to check that a

polymorphic cast to a derived class is safe:

CObject* pObject = new CMyClass ;
if (pObject->IsKindOf (RUNTIME CLASS(CMyClass)))
CMyClass* pMyObject = (CMyClass*) pObject ;
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It is important to note that the above example is using another macro, RUNTIME_CLASS.
The natural question is why the MFC developers did not use the C++ run-time type
information (RTTI) features [ANSI97] instead of going to all this trouble with macros. In
fact, they needed RTTI support in the very early days of MFC. A future version of MFC
may replace [ShWi%)] the implementation of the RTCI macros to use the C++ RTTI
features. However, this will not affect existing applications because the macros isolate

them from any changes.

Now we look at the definition of DECLARE_DYNAMIC and apply the macro to a sample

class name:

#define DECLARE_DYNAMIC(class_name) \
public: \
static CRuntimeClass class##class name; \

virtual CRuntimeClass* GetRuntimeClass() const; \

One trick this macro employs is the preprocessor concatenation operator “##”.
Operator ## tells the preprocessor to concatenate what is on the right of the operator
onto what is on the left For example, class##CMyClass would generate
classCMyClass. If arguments appear in the concatenation, they are replaced and then
concatenated.

Plugging CMyClass into the DECLARE_DYNAMIC macro and running the preprocessor
causes the following code to be added in the class definition:

public:
static CRuntimeClass classCMyClass ;

virtual CRuntimeClass* GetRuntimeClass() const ;
The static CRuntimeClass declaration is very important:

Listing 3.1 The CRuntimeClass Declaration

struct CRuntimeClass
{
// Attributes
LPCSTR m_lpszClassName;

int m_nObjectSize;
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UINT m wSchema; // schema number of the loaded class
CObject* (PASCAL* m pfnCreateObject)();

CRuntimeClass* m_pBaseClass;

// Operations

CObject* CreateObject();

BOOL IsDerivedFrom(const CRuntimeClass* pBaseClass) const;

// Implementation

void Store(CArchive& ar) const;

static CRuntimeClass* PASCAL Load(CArchive& ar, UINT* pwSchemaNum);
// CRuntimeClass objects linked together in simple list

CRuntimeClass* m_pNextClass;

The name “CRuntimeClass” appears to be an MFC misnomer. However, C++
structures are just classes in which everything defaults to public. Because CRuntime-

Class is a structure, all of its members are public.

To wunderstand more about CRuntimeClass, it is essential to expose the
IMPLEMENT DYNAMIC(class_name, base_class_name) macro. After running the
preprocessor with the arguments, CMyClass and CObject as the base class:

AFX DATADEF CRuntimeClass CMyClass::classCMyClass =
{
“CMyClass”, sizeof(CMyClass), OxFFFF, NULL,
RUNTIME CLASS(CObject), NULL
Yo
static const AFX CLASSINIT _init CMyClass (&CMyClass:: classCMyClass);
CRuntimeClass* CMyClass::GetRuntimeClass() const

{
return &CMyClass::classCMyClass;

First of all, IMPLEMENT DYNAMIC initialises the static CRuntimeClass structure as

follows:

m_lpszClassName = “CMyClass” ;

m_nObjectSize = sizeof(CMyClass) ;
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m_wSchema = OXFFFF ;
m_pfnCreateObject = NULL ;
m_pBaseClass = RUNTIME_CLASS(CObject) ;

Second, IMPLEMENT DYNAMIC creates AFX CLASSINIT which is a static structure with

only a constructor:

struct AFX CLASSINIT
{ AFX_CLASSINIT (CRuntimeClass* pNewClass) ; }

Therefore, IMPLEMENT DYNAMIC creates a static AFX_CLASSINIT structure and calls
its constructor with a pointer to the static structure, classCMyClass. This causes the
class to be added to an MFC state list. This is discussed in detail later.

Finally, the IMPLEMENT DYNAMIC macro generates the overridden member function
GetRuntimeClass(). GetRuntimeClass() just returns the address of the static
CRuntimecClass structure, classCMyClass just like the RUNTIME_CLASS macro.

This discussion brings up some interesting questions about CRuntimeClass. What are
members like m_wSchema and m_pfnCreateObject used for? Why does it appear
that CRuntimeClass has a linked list? To help answer some of these questions, it is
necessary to look at how CObject: : IsKindOf () is implemented:

Listing 3.2 The Implementation of CObject::IsKindOf()

BOOL CObject::IsKindOf (const CRuntimeClass* pClass) const
{
CRuntimeClass* pClassThis = GetRuntimeClass() ;
while (pClassThis != NULL)
{
if (pClassThis == pClass)
return TRUE;
pClassThis = pClassThis->m_pBaseClass;
}
return FALSE; // walked to the top, no match
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IsKindOf() takes the static CRuntimeClass pointer and then calls
GetRuntimeClass() for the current object (or this). It then compares the
CRuntimeClass pointers to see if they are pointing to the same static structure. If they
are the same object, a match has been made. If not, IsKindOf() walks up the

inheritance tree looking for a match.

3.4.2 Dynamic Creation

CObject::IsKindOf () is the key to RTCIL Similarly, the dynamic creation of objects
is based on the CreateObject() method of the CRuntimeClass structure. The
DECLARE_DYNCREATE macro adds only one line on top of the DECLARE_DYNAMIC

macro:

static CObject* CreateObject() ;

IMPLEMENT_DYNCREATE generates the CreateObject() member function for the
class in addition to the usual IMPLEMENT DYNAMIC output. The CreateObject()

implementation is fairly simple:

CObject* PASCAL CMyClass::CreateObject()

{
return new CMyClass ;

IMPLEMENT_DYNAMIC initialises CRuntimeClass::m_pfnCreateObject function
pointer with NULL because it does not use this feature. On the other hand,
IMPLEMENT_DYNCREATE passes the address of CMyClass::CreateObject() to
initialise m_pfnCreateObject. The static structure, CRuntimeClass uses
m_pfnCreateObject to dynamically create an object of type CMyClass at run time.

The following is an example of how to use dynamic creation:

CRuntimeClass* pRuntimeClass = RUNTIME CLASS(CMyClass) ;
CObject* pObject = pRuntimeClass->CreateObject() ;
ASSERT (pObject->IsKindOf (RUNTIME CLASS(CMyClass))) ;

3.5 A SAMPLE DATA STRUCTURE FOR SERIALIZATION

From an application programmer’s viewpoint, it is straightforward to use the MFC

serialization in most cases. However, the implementation details are not easy to grasp
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as we have seen in the earlier sections. It would be much easier to explain the actual

serialization mechanism with the help of an example.

One example with many patterns is that of graphs, made up of vertices and edges.
Vertices can exist in isolation but edges must connect two existing vertices. Edges know
about their vertices and vertices know the edges belonging to them and this information
is always correct and consistent. Listing 3.3 looks at the declarations of two classes,
CVertex and CEdge, deriving them from CObject. All member functions except

Serialize() are left out for clarity:

Listing 3.3 Vertices and Edges

class CVertex : public CObject

{
private:
int m_nCordX ;
int m_nCordY ;
int m_nEdgeNum ;
CEdge* m pEdges[MAX EDGES] ;
protected:
virtual void Serialize(CArchive& ar) ;
DECLARE_SERIAL(CVertex)
}i

class CEdge : public CObject
{

private:

int m_nLineThickness ;

~e

CVertex* m_pVertexl

CVertex* m pVertex2 ;

protected:

void Serialize(CArchive& ar)

~e
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DECLARE_SERIAL (CEdge)

IMPLEMENT SERIAL(CVertex, CObject, 1)
IMPLEMENT SERIAL(CEdge, CObject, 1)

void CEdge::Serialize(CArchive& ar)

{
if (ar.IsStoring())
ar << m_nLineThickness << m pVertexl << m pVertex2 ;
else
ar >> m _nLineThickness >> m _pVertexl >> m pVertex2 ;
}

void CVertex::Serialize(CArchive& ar)

{
if (ar.IsStoring())
{
ar << m_ncCordX << m_nCordY << m_nEdgeNum ;
for (int i=0; i< m_nEdgeNum; i++)
ar << m_pEdges[i] ;
}
else
{
ar >> m _nCordX >> m_nCordY >> m nEdgeNum ;
for (int i=0; i< m nEdgeNum; i++)
ar >> m_pEdges([i] ;
}
}

Two dimensional Cartesian coordinates can be expressed using the MFC class CPoint
which is also serializable. In practice, CVertex should maintain a variable-length array
or list of CEdge pointers instead of a fixed-length array, m_pEdges. However, data
members in Listing 3.3 are kept in simple forms so that the serialization mechanism can

be understood clearly.
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provides a context for persistence that lasts from the time the archive is created until the
CArchive::Close() member function is called, either explicitly by the programmer

or implicitly by the destructor when the scope containing the CArchive is exited.

Two member functions, ReadObject () and WriteObject () in CArchive do most of
the serialization work. These functions are not called directly from the user code
[OnHa%6a]. They are used by class-specific type-safe insertion and extraction operators.

For example:

CMyClass* pObj;

CArchive& ar;

ar << pObj; // Calls ar.WriteObject (pObj)

ar >> pObj; // Calls ar.ReadObject(RUNTIME CLASS(CMyClass))

CArchive::WriteObject() writes the header data used to reconstruct the object.
This data consists of two parts: the type of the object and the state of the object. This
member function is also responsible for maintaining the identity of the object being
written out, so that only a single copy is saved, regardless of the number of pointers to

that object (including circular pointers).
Saving and restoring objects relies on some “manifest constants” or tags [MSDN32].
These are values that are stored in binary and provide important information to the

archive (‘w’ prefix indicates 16-bit quantities):

Table 3.2 Tags in MFC Serialization

Tags Description Value

wNullTag Used for NULL object pointers. 0

Indicates the class description that
WNewClassTag . . ) -1
follows is new to this archive context.

Indicates the class of the object being

WOIdClassTag 0x8000

read has been seen in this context.

When storing objects, CArchive maintains a store map (m_pStoreMap data member of
type CMapPtrToPtr) which is a mapping from a stored object to a 32-bit persistent
identifier (PID). A PID is assigned to every unique object and every unique class name
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that is saved in the context of the archive. These PID’s are handed out sequentially
starting at 1. It is important to note that these PID’s have no significance outside the
scope of the archive and, in particular, are not to be confused with any database

terminology.

Starting with MFC version 4.0 the CArchive class has been extended to support very
large archives. In previous versions, a PID was a 16-bit quantity [Onio95a], limiting the
archive to 0x7FFE (32766) objects. PID’s are now 32-bit, but they are written out as 16-bit
unless they are larger than 0x7FFE. In other words, they are 16-bit until Ox7FFE is
reached but 32-bit thereafter. This technique maintains a backward compatibility with

earlier archives.

When a request is made to save an object to an archive (usually through the global
insertion operator), a check is made for a NULL CObject pointer. If the pointer is NULL,
the wNullTag is inserted into the archive stream.

If there is a real object pointer that is capable of being serialized, the store map is
checked to see if the object has been saved already. If it has, the 32-bit PID associated

with that object is inserted in the stream.

If the object has not been saved before, there are two possibilities to take into account:
either both the object and the exact type (i.e. the class) of the object are new to this
archive context, or the object is of an exact type already seen. To determine if the type
has been seen already, the store map is queried for a CRuntimeClass structure that
matches the CRuntimeClass structure associated with the object being saved. If this
class has been seen before, WriteObject() inserts the bit-wise OR’ing of the
wOldClassTag and the PID of this class. If the CRuntimeClass structure is new to
the archive context, then WriteObject () assigns a new PID to this class and writes the
class description into the archive, preceded by the wNewClassTag. The descriptor for

this class is written using CRuntimeClass: :Store():

void CRuntimeClass::Store(CArchive& ar) const

{
WORD nLen = (WORD)lstrlenA(m lpszClassName) ;
ar << (WORD)m wSchema << nLen ;

ar.Write(m_lpszClassName, nLen*sizeof(char)) ; }
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CRuntimeClass: :Store() inserts the schema number of the class (discussed later)
and the name of the class as an ASCII string, preceded by the string length. Following
the insertion of the class information, the archive places the object in the m_pStoreMap
and then calls the Serialize() member function to insert class-specific data into the
archive. Placing the object in the m_pStoreMap before calling Serialize() prevents
multiple copies of the object from being saved to the archive.

Hence, CArchive uses its store map to access quickly the class information of similar
objects. CArchive also uses the map to ensure that it will write out CRuntimeClass

information only once for a certain class then reference it later in the serialization stream.

3.6.1 Storing Vertices and Edges

To help understand how serialization works, we shall trace a complete write operation
in the earlier example of vertices and edges. In addition to the class instances shown in
Figure 3.2, which are part of the document (i.e. CMyDoc) class, each class type will have

an instance of the CRuntimeClass structure:

Table 3.3 CRuntimeClass Structures of CVertex and CEdge

Class CVertex CEdge
Schema 1 1
Length of name string 7 5
Name string “CVertex” “CEdge”

CArchive: :WriteObject () handles writing both the runtime class structure and the
data associated with a given object. In Listing 3.4, V1 is serialized first. When neither
the runtime class structure nor the object itself has been previously written out, what is

actually written to the stream will be as follows:

T RUNTIME_CLASS (CVertex) Part of V1
ag

Schema | Length String Coordinates | No of Edges
WNewClassTag 1 7 “CVertex” | 10 10 1

The PID of the CRuntimeClass structure of CVertex and V1 will be 1 and 2
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3.7 THE SERIALIZATION MACROS

There is a good reason for not describing the serialization macros before this section. It
was mentioned earlier in Section 3.4 that DECLARE_SERIAL and IMPLEMENT_SERIAL
provide all the supports offered by the DYNCREATE macro pair. Here is the definition of
DECLARE_SERIAL:

#define DECLARE_SERIAL(class_name) \
DECLARE_DYNCREATE (class_name) \

friend CArchive& operator>> (CArchive& ar, class _name* &pOb);

The DECLARE_SERIAL macro is actually adding only one line of code to the RTCI and
dynamic creation sections. The extra line declares a global extraction operator as a

friend to the new class.

IMPLEMENT_SERIAL generates the implementation of the global extraction operator:

CArchive& operator>> (CArchive& ar, CMyClass*& pOb)
{
pOb = (CMyClass*) ar.ReadObject (RUNTIME CLASS(CMyClass)) ;

return ar ;

It is quite natural to expect a global insertion operator as well but that is not included in

the SERIAL macro pair. The internal details are explained as follows.

3.8 ON-THE-FLY REGISTRATION AND RESTORATION

As we have seen before, the persistence and dynamic object creation mechanisms of
MFC use the CRuntimeClass data structure to uniquely identify classes. MFC
associates one structure of this type with each dynamic and/or serializable class in the
application. These structures are initialised at application startup time using a special
static object of type AFX_CLASSINIT as mentioned in Section 3.4.1. The constructor of
AFX_CLASSINIT links CRuntimeClass structures into the MFC type registry.
AFX_CLASSINIT does not take up any data space because it has no member data. This
mechanism allows on-the-fly registration of object types whenever they are linked into
the program. The idea of types registering themselves is the core of object-oriented

design [Beve95]. If a type registers its own existence with a registry instead of

3-17



Chapter 3 Serialization and MFC

hardcoding the type into the registry, then the type can be freely added and removed
from the program without any code changes to the registry.

The SERIAL macros define the operator>> for a new class because it is called with a
pointer to the class, but no instance of the class will exist until the instance has been
restored from the file. Without an instance of the class, MFC cannot access the run-time
class information to ensure that the object being loaded is equivalent to or is a derived
class of the given pointer. By overloading operator>>, MFC is able to pass a pointer to

the run-time class information so that the serialization mechanism will be typesafe.

A mapping scheme is required to allow a class to be created based on the information
read from a file. The actual class name is the ideal candidate to write to a file in order to
identify a class because C++ class names have to be unique inside an application. That is
why CRuntimeClass: : Store( ) writes the class name as an ASCII string while storing
objects. When the name of the class is loaded from the file, the type registry is searched
for that name. While reading, CArchive maintains an array of objects already created
and stores the already-read CRuntimeClass structure information in the array. This
way, CArchive can look it up when it finds a reference that was written in the
serialization stream. As long as the type exists in the registry and was declared with
either DECLARE_DYNCREATE or DECLARE_SERIAL, the object can be constructed. The
actual loading of the data appropriate to that kind of object is delegated to the object
itself by calling its Serialize()member function. The type of object created is
separated from the type of object requested. If a derived class is loaded into a pointer to

a base class, then the correct derived class will still be created.

It is time to answer why there is no global insertion operator. WriteObject() in
CArchive is similar to its ReadObject(). It writes out the CRuntimeClass
information and then calls the object’'s Serialize( )function. Since WriteObject()
does not need any specific CRuntimeClass information, the CObject insertion
operator is sufficient and a new insertion operator for the CObject derivative is not

necessary.

3.9 VERSIONABLE OBJECTS

The IMPLEMENT SERIAL macro takes an unsigned integer that defines the schema or

version information for the object. In fact, the data member m wSchema of the
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CRuntimeClass structure (Listing 3.1) is initialised with this number. If the schemas

do not match when the data is read, the framework will not read in the object.

Serialization, to some extent is an all-or-nothing proposition [Howa97]. Especially, the
MEC serialization mechanism does not record the length of each object into the archive.
If one object cannot be loaded, MFC will not be able to skip that object and load the rest

of the archive. This can be a serious pitfall unless versionable object creation is possible.

The basic schema technique is adequate for objects that do not exist in multiple versions.
One solution to supporting backward-compatible objects is to use the constant,
VERSIONABLE_SCHEMA. Versionable objects in MFC are easily defined by OR’ing the
VERSIONABLE_ SCHEMA constant with the schema number in IMPLEMENT SERIAL:

IMPLEMENT SERIAL(CMyClass, CObject, VERSIONABLE SCHEMA | 1)
This simple change can make the objects backward compatible. For example, if the
CVertex class design in Listing 3.3 is changed to include the Z coordinate value,

CVertex::Serialize() can be rewritten as follows:

void CVertex::Serialize(CArchive& ar)

{
if (ar.IsStoring())
{
ar << m_nCordX << m_nCordY << m_nCordZ << m_nEdgeNum ;
for (int i=0; i< m nEdgeNum; i++)
ar << m_pEdges[i] ;
}
else
{

switch (ar.GetObjectSchema())
{
case 1: // Load old version
ar >> m_nCordX >> m nCordY >> m_nEdgeNum ;
break;
case 2: // Load current version

ar >> m nCordX >> m nCordY >> m nCordZ >> m nEdgeNum ;
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}
for (int i=0; i< m_nEdgeNum; i++)

ar >> m pEdges[i] ;

CArchive: :GetObjectSchema( ) returns the schema for the current object. There is
a caveat with GetObjectSchema( ). It can be called only once during the serialization
of an object; subsequent calls return -1. Therefore, it is not possible to build versionable
class hierarchies using VERSIONABLE_SCHEMA. The following example illustrates this

point:

// Base and child classes have different schema numbers

class CBase : public CObject { ... };

class CChild : public CBase { ... };

IMPLEMENT SERIAL(CBase, CObject, VERSIONABLE_ SCHEMA | 1);
IMPLEMENT SERIAL(CChild, CBase, VERSIONABLE_SCHEMA | 2);

void CBase::Serialize(CArchive& ar)

{
if ( ar.IsLoading() )
{
UINT nSchema = ar.GetObjectSchema(); // Returns 1
// Load versionable object...
}
}

void CChild::Serialize(CArchive& ar)

{
CBase::Serialize(ar); // Call base class Serialize()
if ( ar.IsLoading() )
{
UINT nSchema = ar.GetObjectSchema(); // Returns -1
// Second call to GetObjectSchema() FAILS
}
}
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The call to GetObjectSchema() in the Serialize() function of CChild fails
because it was already called in the base class code. There is one way to avoid this
problem by storing the version numbers explicitly [Stou97], instead of relying on MFC's
VERSIONABLE_SCHEMA. The following code shows one simple method:

class CBase : public CObject { enum { verBase =1 }; ... };

void CBase::Serialize(CArchive& ar)

{
CObject::Serialize(ar);
if ( ar.IsStoring() )
{
ar << verBase; // Explicitly save version
// ... then save everything else
}
else
{
UINT nMySchema; // Load version number
ar >> nMySchema;
switch ( nMySchema )
{
case verBase:
// Load current version of object
// Other cases for older versions
}
}
}

This custom versioning scheme can be implemented in child classes and it does not have

any problem in building versionable class hierarchies.

3.10 LIMITATIONS

By creating a foundation of a run-time type mechanism with a type registry and
building serialization on top, MFC implements a fast, flexible, typesafe serialization
mechanism. This mechanism should be powerful enough to satisfy most design

requirements. There are limitations but it is possible to get around at least some of
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them. For example, the serialization macros cannot be used with abstract base classes.
The solution [INET31] is to define a macro similar to IMPLEMENT_SERIAL but without

the CreateObject () reference.

The current implementation of CRuntimeClass does not support multiple inheritance
(MI). This does not mean that MI cannot be used in an MFC application. The
responsibilities involved when working with objects that have more than one base class
are discussed in [MSDN33].

The Standard Template Library (STL) is now part of the C++ language [ANSI97].
Unfortunately, the STL template classes do not have any persistence support [Stev98].
They cannot be serialized using MFC either. The class names must be known at pre-
processing time for this to work, but templates are expanded by the compiler long after
the preprocessor is gone. Consequently, there is no way for the preprocessor to know

the compiler-generated class name [Holu96].

However, the general idea that the MFC serialization does not work with templates is
not right. The STL equivalent template classes in MFC are serializable and typesafe.
The typesafe template classes have inline functions using the C++ type-checking facility
to eliminate errors caused by mismatched pointer types. When serializing the template
based collection classes in MFC, the Serialize() member function should only be

used and not the insertion and extraction operators.

3.11 CLOSURE

The advanced memory diagnostic features of CObject are beyond the scope of this
thesis. The diagnostics are implemented by two virtual functions, Assertvalid() and
Dump(). AssertValid() validates the object’s integrity and Dump() produces a
diagnostic dump of the object. But they work in debug builds only to avoid any
performance hit taken by adding their virtual table entries. [ShWi%6] is recommended

as a detailed source of information.

Let us revisit the question posed earlier in the chapter: “Does the MFC architecture with
CObject as root cause performance problems?” C++ has to index the class virtual table
at run-time to determine the correct function to execute. Out of five virtual functions in
CObject, two are in debug builds only, so they do not really affect the release-build
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performance. The largest overhead with using virtual functions is the increased instance

size from a virtual table. Therefore, the trade-off in deriving from CObject is three

extra virtual functions (i.e. GetRuntimeClass( ), Serialize() and the destructor) in

exchange for RTCI, dynamic creation, serialization and memory diagnostics. The choice,

of course, depends on the MFC user.

The multimedia objects in GGS are derived from CObject to take advantage of these

attractive features.
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Chapter 4 User Interface and Classes in GGS

4.1 PRINCIPLES OF USER INTERFACE DESIGN

An important principle of user interface design is that the user should always feel in
control of the software rather than feeling controlled by the software. This has
various implications. The first implication is the operational assumption that the
user initiates actions, not the computer or software. The user plays an active, rather

than a reactive role.

Visibility of information and choices also reduce the user’s mental workload. Users
can recognise a command easier than they can recall its syntax. Often they like to
explore an interface and learn by trial and error. An effective interface allows for
interactive discovery. It provides only appropriate sets of choices and warns users
about potential situations where they may damage the system or data, or better,

makes actions reversible or recoverable.

A good interface should always provide feedback for the user’s actions. Visual and
sometimes audio cues should be presented with every user interaction to confirm
that the software is responding to their input and to communicate details that
distinguish the nature of the action.

An interface should be simple (not simplistic), easy to learn and easy to use. It must
also provide access to all functionality provided by an application. Maximising
functionality and maintaining simplicity work against each other in the interface. An

effective design balances these objectives.

One way to support simplicity is to reduce the presentation of information to the
minimum required to communicate adequately. For example, wordy descriptions
for command names or messages should be avoided. Irrelevant or verbose phrases
clutter the design, making it difficult for users to easily extract essential information.
Another way to design a simple but useful interface is to use natural mappings and
semantics. The arrangement and presentation of interface elements affect their

meaning and association.

The interface designer can also help users manage complexity by using “progressive
disclosure”. Progressive disclosure involves careful organisation of information so
that it is shown only at the appropriate time. By “hiding” information presented to
the user, the designer reduces the amount of information to process. For instance, a
menu displays its choices when clicked and some of these choices can use dialogue

boxes to present various options effectively.
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Chapter 4 User Interface and Classes in GGS

application. As users interact with data, the corresponding commands and tools to
manipulate the data or the view of the data become available automatically. This
frees the user to focus on the information and tasks rather than on applications and

how applications interact.

In this context, a “document” is a common unit of data used in tasks and exchanged
between users. The term document is a little misleading because it seems to imply
the output of a word-processing or spreadsheet application. A document is just a
place to keep data, and a view is a place to represent that data. The use of the term,
document emphasises the fact that the focus of design is on data, rather than the

underlying application.

4.3 SEPARATION OF DOCUMENT AND VIEW

Almost every software development effort has had to deal with data management in
some form or other. Finding out ways of managing an application’s data has been a
problem for software developers throughout the history of the IT industry. After all,
information and data management is one of the primary uses of computer

technology.

There are many issues involved in separating data from the user interface display
code, such as (1) deciding which part of the application owns the data, (2) resolving
which part of the application is responsible for updating the data, (3) determining
how to display multiple renderings of the data, (4) coordinating data updates, (5)
storing the data, and (6) managing the user interface. The last item can be difficult
especially when multiple document types are involved because they often require

updating the toolbars and menus.

The application programmers from the C/SDK background [Petz92] understand
how difficult it can be to manage data because of the structure of an SDK program.

There is no easy way to decide where to put the data management code.

The basic idea behind any data management scheme is to split the task into two
conceptual parts: (1) data management and (2) user interface management. In this
context, MFC is very successful in separating the code that manages an application’s
data from the code that renders that data. This specific feature — the separation of

an application’s data management code from its user interface code is implemented
in the document / view architecture in MFC.
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44 THE DOCUMENT/VIEW ARCHITECTURE IN MFC

The MFC document / view architecture provides a consistent way of coordinating

application data and representations of that data. In MFC, the document handles the
data management and an application’s views handle the user interface management
(Figure 4.2). In effect, an application’s data is centralised in one place and the user

interface code is packaged separately.

There are four main components of the architecture: (1) documents, (2) views, (3)
view frames and (4) document templates. These components are briefly discussed in

the following sections.

4.4.1 Documents

In MFC, the document is embodied by the CDocument class. In fact, when
AppWizard generates an application, it derives a class from CDocument.
CDocument has various functions for performing such operations as managing file
I/O and updating the representation of the data.

MFC’s cbocument class is two layers deep in the MFC hierarchy. It is derived from
CCmdTarget, which is derived from CObject. As a result of being derived from
CObject, CDocument is eligible for all the support offered by the CObject class as
explained in Chapter 3. In addition, by virtue of being derived from CCmdTarget,
the CDocument class can handle command messages (i.e., WM_COMMAND messages).
Finally, CDocument can support component object model (COM) interfaces, as well

as OLE automation, because it is derived from CCmdTarget.

The document can receive programmatic commands, and at the same time allow the
user interface to directly bind to its functionality. In other words, the programmer
can implement command handlers in the document itself. Because of the command
routing, the commands find their way to the document from the user interface
elements, such as toolbars and menus, which actually belong to totally different
objects. This fact can be abused to make dangerous access to the document, but if

used correctly, it can be a valuable technique [ShWi%96].

44.2 Views

An application with only a document would be fairly uninteresting. There has to be
some way of rendering the data on the screen as well as providing a user interface

for manipulating the data. This functionality is supplied by MFC's CView class. In
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Chapter 4 User Interface and Classes in GGS

displayed following the common conventions [MSDN41] for secondary windows

associated with a primary window, even if they apply to individual child windows.

4.6 THE CONTRIBUTIONS OF MFC IN GGS

The software developers are moving more and more towards an industry of
frameworks. This is quite a paradigm shift from the old idea of building an entire
program on top of an OS [Walk97]. Nowadays, we purchase a framework like MFC
or Borland OWL [Newa98] or Java’s class library AWT [ChLe97]. The advantage is
obvious; we can have an entire Windows application up and running in minutes. The
developer can concentrate on adding components and implementing the special
features of his / her application. S/he does not need to waste time finding answers
to the common questions, such as, “Where and how do I place my first window?”. If
someone tries to write a Windows application from scratch, the result could be a

whole lot less attractive and it would certainly take more time.

The skeleton MFC applications created by AppWizard, provide a good starting point
to develop an application that conforms to the published user interface guidelines
[Micr97]. Not only the application developer but also the end-user benefits from a
familiar and consistent user interface because s/he is not forced to re-learn common
operations. A user who regularly prints documents from Microsoft Word intuitively
looks for a Print option on the File menu when confronted with the task of printing

in an unfamiliar application.

Any solution to the problems encountered when attempting to develop and maintain
a software system written using object-oriented languages has to fulfil two important
requirements [LeMe*92]. Firstly, it has to be able to describe the structure of the
system being supported, and secondly, it has to provide an efficient and user-

friendly interface.

To address the first of these requirements, the author decided to use the MFC
serialization as opposed to other techniques for object persistence. This has been
discussed in detail in Chapters 2 and 3. The second requirement is satisfied by

incorporating the MFC document / view architecture in GGS to provide the “look

and feel” expected by experienced users of the Windows environment.

It is unnecessary to reiterate the descriptions of the WIMP (i.e., windows, icons,
menus and pointers) interface for Windows. However, it is still important to discuss

briefly the ways GGS provides feedback to the user.
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4.6.1 ToolTips

GGS uses ToolTips to help the user to identify the icons in the toolbar. A ToolTip is a
small pop-up window that displays a single line of text that describes the purpose of
a toolbar button in an application. A ToolTip control is hidden most of the time,
appearing only when the user puts the cursor on a toolbar button and leaves it there
for approximately one-half second [MSDN42]. The ToolTip control appears near the
cursor and disappears when the user clicks a mouse button or moves the cursor off
the toolbar button.

4.6.2 Message Boxes

Message boxes are used in GGS with caution. It only takes one line of code to

display a message box on the screen:
AfxMessageBox("Simple message box.") ;

However, the message boxes can distract and annoy the user if frequently used.

4.6.3 Status Bar Messages

The status bar in a Windows application is a convenient place to display messages
without interrupting the user action. The ToolTips are usually accompanied by the
flyby texts. A flyby text is a message that is displayed on the status bar, most
commonly in the first “stretchy” pane. The help text provided in a flyby text can be a
bit longer than the ToolTips because there is more space to display the text. In
addition to displaying help texts about the menu and toolbar buttons, GGS displays
descriptive messages on the status bar about the context of any activity in a view
window. Status bar messages can be helpful and they do not have the adverse

effects of message boxes.

4.7 HIGH LEVEL DECOMPOSITION OF GGS

As discussed in Chapter 1, one of the major objectives in developing GGS is to
improve technical communications between engineers separated by distance and
language barriers. In order to achieve such an objective, this prototype multimedia
application should be able to deal with externally created vector or bitmap images,

graphics primitives and sound objects in any sequence. The end-user should be able
to open an external image, record his/her voice wherever appropriate,

draw / scribble on the images and save them in one single file and animate them

later, if necessary. Now with the MFC document/ view architecture and seriali-

zation in the background, it is possible to present a high level decomposition of GGS.
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