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Before You Begin

How to

W elcome to Smalltalk M T, an advanced Object Oriented Programming System for

Microsoft Windows. Smalltalk MT is a high-performance implementation of Smalltalk,
a proven object oriented language for application development. The design of Smalltalk
MT incorporates advanced features such as native multithreading, exception handling
and virtual memory management that let you exploit the capabilities of modern
operating systems such as Microsoft Windows NT/2000 and Windows 9x/Me.

Smalltalk MT gives you unprecedented performance and host system integration. Y ou
can deliver ActiveX components and dynamic libraries built using Smalltalk MT.

Use This Guide

This manual is divided into the following parts:

Chapter 1, The Development Environment, provides information about setting up
Smalltalk MT and getting started with the development tools. Topics include browsing
source code, compiling code, and image maintenance.

Chapter 2, The Interface Builder, describes the visual GUI builder. This chapter also
covers resource scripts and executable generation from the perspective of the Interface
Builder.

Chapter 3, Base Class Libraries, discusses basic concepts and the core class hierarchy.

Chapter 4, The Window Framework, presents the GUI framework, aswell as OLE
container classes and interfaces. The chapter explains how to use the classes and
frameworks and provides short examples.

Chapter 5, Window Classes, details the Window class hierarchy.

Chapter 6, Introduction to OLE Programming, introduces OL E and ActiveX
programming.

Chapter 7, The Development Process, discusses application programming, building an
executable for deployment, developing and delivering console applications. The chapter
includes short examples that illustrate the topics.

XV



Smalltalk MT Version 3

Chapter 8, Advanced Programming, covers advanced topics that include linking with
dynamic link libraries, exception handling, targeting ANSI and Unicode images,
performance tuning, object serialization, finalization (garbage collection) and the
compiler interface.

Chapter 9, Inline Assembler, presents the built-in inline assembler.

Target Audience

The information presented in this guide is intended for application devel opers aready
familiar with the Smalltalk language and concepts, as well as with fundamentals of
Windows programming.

The document focuses on areas that differ from other Smalltalk products and provides
in-depth information on implementation aspects. The primary purpose isto assist the
application developer in understanding existing code.

Other sources of information include Smalltalk programming books and Win32
documentation.

Notational Conventions

XVI

The following typographic conventions are used throughout this manual:

Table1-1 Typographic Conventions
Example Description
STI MAGE. SM All uppercase indicate filenames.
sel f halt This font is used for code and APIs.
File Open Commands are printed in italic text.
selector Significant terms are bold the first time they occur.
Pr ocessor Thisfont is used for identifiers and constants.
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Operating Systems: Windows NT means Windows NT 4 or Windows 2000. Windows

9x means Windows 95, 98 or M e. Please refer to the release notes for information on
supported operating systems and restrictions.

Features Overview

The following are some of the Win32 features that are specifically supported:

¢

* & & o o

Win32 exception and termination handling (t ry: fil ter: except: and
try:finally:), compatiblewith C code

Multithreading and callbacks from external modules
ANSI and Unicode character set

Inline API calls

Portable Executable (PE) format

COM interfaces

The class hierarchy maintains a Win32 compatible programming interface whenever
appropriate, which lets you leverage on Windows programming know-how and use host
operating system documentation.

The programming environment includes the following:

L4

L4

Class Hierarchy Browser with extended browsing capabilities.

Project Browser lets you group classes and/or methods into projects and sub-
projects, manages projects and allows you to package a deliverable. A powerful
reference resol ution algorithm minimizes the code included in your application.

I nspector s let you examine the contents of any object.

Graphical Debugger provides agraphical, windowing debugger for user-level
application debugging of a Smalltalk thread. In debug builds, a runtime debugger
allows you to debug executables and DLLs.

COFF symbals provide (optional) debugging information to third party debuggers
and DrWatson that can be used to debug executables and DLL s built using
Smalltalk MT aswell as crash dumps.

Method Timestamp Browser, | mage Comparison Tool and more.

XVII
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L4

L4

Graphical Interface Builder.

Profiling Tools for Working Set Tuning (WST) and Call Attribute Profiling
(CAP).

Smalltalk MT Editions

Smalltalk MT comes in two editions that share a common code base:

¢

The ANSI edition uses ANSI as the default character set. Unless otherwise
specified, all strings and calls use ANS|

The Unicode edition uses Unicode as the default character set. Unless otherwise
specified, all strings and calls use Unicode. This edition runs only on Windows NT,
since Windows 9x does not support Unicode applications

Inthe ANSI model, all strings default to ANSI encoding. In the Unicode model, the
default encoding is the Unicode character set. The default encoding can be overridden
with the messagesas St ri ngWor asSt ri ngA.

It is possible to target the NT operating system for better performance.

Targeting Windows NT

XVIII

Image Properties allow you to enable support for Windows NT, which results on better
performance on that operating system but prevents the image from running on Windows

OX.

¢

¢

¢

The Windows 9x/NT edition runs on Windows 9x and NT. The default character
encoding is ANSI. Use this edition if you target both Windows 9x and Windows
NT or when developing DLLs and ActiveX components.

Windows NT targets specifically Windows NT and alows you to develop both
executables and dynamic link libraries (DLLS).

Windows NT EXE provides better performance for processes that run on Windows
NT. This setting enables an advanced memory management architecture that
provides shorter garbage collection cycles and a reduced working set. We
recommend using an NT edition for mission-critical or unattended operation.
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Compatibility

All editions are 100% compatible, so you can file out a project from one edition and
install it in another. The runtime libraries are the same for al editions.

System Requirements

Smalltalk MT will run on any Intel platform capable of running Windows NT 4.0 (SP3
or later), Windows 2000 or Windows 98/Me. Please refer to the online documentation
for how to enable specific Windows 2000 support.

Finding Information about Smalltalk MT

This manual presents the basics to get you started using Smalltalk MT. Other sources
are:

Source Code Documentation

The comments in the methods and classes are your primary source of information
regarding the implementation.

Online Help Files

The online help filesincluded with Smalltalk MT contain context-sensitive help as well
asoverviews.

The World Wide Web Site

For information on new products, upgrades and other news, see the World Wide Web
sites at http://www.objectconnect.com/ and http://www.genify.com/.
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This chapter discusses setting up Smalltalk MT and provides an overview of the

development tools. It also addresses the issue of maintaining and backing up a
Smalltalk image.

Finally, atroubleshooting section presents solutions to common problems.
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Setup

Smalltalk MT must be installed and de-installed with the installer program. By default,
only the combined Windows 98 / Windows NT edition isinstalled.

Toinstall Smalltalk MT on more than one operating system, you must run the installer
on each system.

Please refer to the online documentation and readme files for more information about
installation options.
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Getting Started

Starting up Smalltalk MT

To start Smalltalk MT, click on the Smalltalk M T icon or start the program STMT from
the explorer. In both cases, you do not launch directly the Smalltalk executable image,
but a program that updates the current set of Smalltalk filesif thereis anewer saved
image.

The development environment opens the Transcript window; which is atext window
that remains open during the session. The window lets you edit text, evaluate code, and
provides access to the Smalltalk tools.

Starting multiple images

Y ou can work with several images in different directories. Y ou need to copy the files
STI MAGE. EXE, SOURCES. Bl Nand STMT. EXE to the target folders. When working
with different releases, you must copy their respective runtime libraries to each
directory.

It isaso possibleto start the same image more than once. This can be useful when
debugging an image. Note that subsequent processes will report a sharing violation on
the change log and will create a backup change log.

Image Versioning

All Smalltalk DLLs come with aversion resource. The image (more specifically, the
code in class Smalltalk) checksthe version of the compiler DLL and failsif it is not the
version it expects.

When you start the image (STI MAGE. EXE) in adirectory that does not contain the
source database (SOURCES. Bl N), you are prompted for the location of thefile. Itisaso
possible to rename STI MAGE. EXE, therefore making it easier to test a development
image under runtime conditions (i.e., in a specific directory and under a different name).
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Workspaces

Y ou can evaluate Smalltalk code in the Transcript window, in workspaces, and more
generally in most edit panes of the Smalltalk development environment.

Evaluating Smalltalk code

In the Transcript window, type in a Smalltalk expression, suchas1 + 2, selectit, and
choose Display from the Smalltalk menu. Not surprisingly, the window shows 3 at the
insertion point.

Y ou can also evaluate an expression without cluttering the text window with the result
string. For instance, type:

MessageBox title: ‘Smalltalk M text: ‘Hello Wrld

highlight it and choose Execute from the Smalltalk menu. A Message Box will pop up
on the screen.

Workspace Variables

Codethat is evaluated in a Workspace can use workspace variables. These variables are
used like global variables, but are only accessible from the workspace that defined
them. When the compiler encounters an undefined identifier, you are prompted if it
should be defined as a workspace variable.

Using the editor

The editor is based on the standard RichEdit common control. The standard behavior
has been extended as follows:

L4

Double-clicking on the beginning of aline selects the entire line (rather than just
the word under the cursor).

Display and Execute evaluate the current line when nothing is selected.

Tab and Shift Tab respectively indent and un-indent the selected line(s).
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Compilation Errors
A compilation error is shown right next to the point where the error occurred. The
compiler stops at the first error it detects.

For example, evaluating

processor getStartUpDirectory

shows:
processor QNBEFINEP get Start UpDirectory

The reason is that the variable pr ocessor ismisspelled and should be Pr ocessor .

Processor getStartupDirectory

shows the startup directory of the process.

Runtime Errors

An unhandled runtime exception, such as the following code fragment:
‘abc’ at: 5

manifestsitself with an error message:

Figurel-1 Unhandled Exception Dialog
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It signals that the exception ,, Array bounds exceeded” occurred in thread #0 (the startup
thread). Since it is a software-controlled exception, the location where it occurred isin
theRai seExcepti on API.

The button More... leads to the expanded dialog below:
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Figure 1-2 Unhandled Exception Dialog Details
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The text shows the call stack with the arguments that led to the exception, the exception
code, description, and a stack trace. Y ou can copy the text in the edit pane.

The other buttons terminate the dialog with one of the following actions:

Table1-1 WalkBack Dialog Buttons
Button Action
Debug Opens the debugger on the displayed call stack.
Discard Discards the call stack. Any non-GUI thread is exited, a GUI thread enters a

new message loop.

Ignore Passes the exception to the next handler in the handler chain. Thisis usually
the top-level handler installed by the host system. In the case of Execut e, the
compiler dismisses the exception (thereis a special evaluation handler in the
compiler).

When you press Debug, the debugger opens:
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Figure 1-3 Debugger Window Example
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It shows that the assertion of index 5 failed in the method at : in StringA. Closing the
debugger or selecting the Go command will discard the call stack and resume the
application main loop.
Hardware and kernel exceptions such as access violations constitute another class of
exceptions. If you evaluate:

Menor yManager at Address: 0O

an access violation occurs and the exception handler pops up the message below:

Figure 1-4 Unhandled System Exception
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It tells you that the code in Dol t (the evaluation) tried to read memory at the address 0.
This time, the point where the exception occurred isin Smalltalk code.
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Note: The examples above assume that code optimizations are turned off. With optimizations, you may not be able to view
all call frames and / or parameter values.

Context of Evaluation

An evaluation is compiled as atemporary method. The context of an evaluation defines
the receiver's class, which is used to look up instance variables, pool dictionaries and
other identifiersin the name space of the class.

Most Smalltalk windows | et you evaluate selected code. The context of evaluation
varies as shown in the table below.

Table 1-2 Context of Evaluation
Window Receiver
Transcript or Workspace nil
Class Hierarchy Browser The currently selected class
I nspector The inspected object
Debugger (source pane) The receiver of the current message frame

Filing in Smalltalk Code

Smalltalk source code is stored on disk in chunk format. A source code file (not to be
confused with the SOURCES. BI N database file) isan ASCII file that consists of chunks
of code, delimited by the character (! ). Original (! ) charactersin the source code are
endoubled, so that an occurrence of (! ! ) isignored by the chunk reader and interpreted
asasingle (!) in the source. The chunk format can also be used in aworkspace; instead
of executing it you fileitin.

Source code can be either evaluated or installed when it isfiled in, depending on the
format.
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Example 1.
To evaluate mj ect test, the chunk file contains:

" Eval uate "
bj ect newl

Note that the comment is optional.

Example 2:
Toinstal amethod Cbj ect cl ass>>test:
I Obj ect class * nmethods 10:31 - 12/18/97!
t est
Atrue! !

Smalltalk MT can read and write a common subset of thisformat. By default, aricher
method specification that includes the method category and timestamp is used. Y ou can
turn the feature off when you file-out a class so that other Smalltalk systems can read it.
Simply uncheck the Categories check box in the Save As dialog.

Figure 1-5 Class Save Dialog
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10

Customizing the User Interface

Saving and reloading the Desktop

Smalltalk MT lets you save and reload the placement and appearance of windows when
theimage is saved. Saving the desktop is enabled by default, but you can disable it from
the Save Image dialog. Y ou invoke this dialog by clicking on File|Save Image on the
Transcript menu.

Figure 1-6 Save Image Dialog
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When you check the Save Desktop button in the Save | mage dialog, each window gets
the opportunity to save its properties to the registry when theimage is saved. When the
image is reloaded, the windows restore their previous state.

A window has control over the attributes that are saved and restored. The default
implementation stores the visual appearance, which includes the position and size, split
pane settings (if available) and fonts. Some windows, such as the Class Hierarchy
Browser, store additional information that enables them to reconstruct their former state
more accurately.

The desktop loader checks the screen resolution before it loads the desktop (otherwise,
alower resolution could place some windows off-screen). Y ou can reuse the same
implementation for your own application (it is the recommended way of storing an
application's state information).

See also Using the Registry on page 219.

Working with Multiple Desktops

Y ou can direct Smalltalk MT to maintain desktop settings that are specific to the
development image's directory. Thus, images in different directories can work with
different desktops. Y ou enable multiple desktops by clicking on the corresponding
check box in the Image Properties property sheet, IDE Preferences page.
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Figure 1-7 IDE Preferences Page
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Saving a Default Appearance

While the desktop defines a particular configuration, each window class can also have a
registry entry that lists default values for its placement and preferences. The datais used

when a new instance of the window is created.

Window placement

Y ou can customize the placement and appearance of awindow in the following ways:

¢ right-click on achild window to bring up a menu that lets you set its font

¢ modify the size of the window to defineits default size
¢+ move the split barsto set the default split position (or ratio) on startup
.

double-click on the toolbar to customize the buttons

When done, click on Save Preferences (usualy in the menu next to the Help menu).
The next time you open awindow of the same class, it will start with the settings you

saved.

11
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Fonts

/

Child Pane

Y ou can customize fonts by right-clicking on a pane of selecting the Set Fonts menu
item under the Tools menu. If the window has several panes that support custom fonts,
font selection is done viaafont selection dialog that allows the user to select afont for
each child pane.

Figure 1-8 Font Dialog
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Development Tools

Overview

Smalltalk MT comes with a set of development windows. These windows run in the
main thread (thread #0) and are managed by an instance of DevelopmentEnvironment
(which is asubclass of WinApplication).

For more information on threads, see also Processes and Threads on page 194.

Browsing Source Code

General browse tools

The development environment has powerful browsing capabilities. The Query dialog
exposes most of them, but you can also use menu items. The browsing capabilities
include:

¢

* & & & o o

Finding text in methods (optionally whole word, case sensitive). The search text
can include wildcards.

Full text search (methods with matching text).
References to aglobal variable.

Referencesto an API.

Implementors of a message.

Senders of amessage.

Sort methods by timestamp. Thisis useful for detecting recent modifications and
additions.

13
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¢ Detecting unimplemented messages (messages sent but not implemented in the
image).
¢ Detecting unused methods (methods without senders).

It is possible to browse globally (through the entire class hierarchy) or locally (current
class and subclasses). The Query dialog must be invoked from the Class Hierarchy
Browser in order to browse locally.

Figure 1-9 Query Dialog
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Class Hierarchy Browser

Additional browse options are available in the Class Hierarchy Browser. The browse
domain is always the current class and subclasses where applicable.

This option lists the messages sent by the selected method.

Unimplemented messages

Displays unimplemented messages in the current class and subclasses. These are
messages that are sent but not implemented in the image. Those messages may raise
runtime errors when they are sent.

There are a couple of situations where unimplemented messages may occur:

14
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¢ Callback class libraries. Most OLE interfaces send a predefined set of messages to
their owner. The consegquence is that OLE interface classes may send
unimplemented messages when there is no code in the image that uses those
interfaces.

¢ Messages processed viadoesNot Under st and..

Classes that use unimplemented messages can implement a class method
uni npl erent ed that returns an array of symbols to be ignored by the browser.

Source Comparison

Thistool isinvoked from the Transcript’s Tools menu. It analyses two source images
(SOURCES. BI Nfiles) and reports the differencesto an installable file. The generated
file lists new and modified methods, classes, pool dictionaries, and methods or classes
to delete.

Change Browser
The Change Browser displays methods (and optionally classes) according to their last-

modified timestamp. This makesit easy to determine what code has been altered since a
given date. The Project column lists the project (if any) in which a method is defined.

15
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Figure1-10
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The Change Browser lets you perform the following tasks:

¢ list methods by timestamp (last modified time and date)

¢ change the timestamp of a method (this can aso be done from the Class Hierarchy

Browser)

¢ file-out selected methods

¢ edit the source code of amethod and compileit

You can use the Change Browser to determine which methods and classes have been modified lately.
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Class Hierarchy Browser

The Class Hierarchy Browser displaysthe Smalltalk class hierarchy in its upper left
pane, and for each selected class the variables in the middle pane and the methodsin the
upper right pane. The text pane shows the selected method's source, the textual
description of a selected category, or the class declaration if no item is selected in the

method pane.

Figure1-11
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Class Hierarchy Pane

The classes are represented in a TreeView common control. The buttons instance and
class let you switch between class view (class methods) and instance view (instance

methods and instance variables).

A pop-up menu allows you to delete the currently selected class, invoke the Find Class
dialog, and perform class-specific operations such as editing awindow in the Interface

Builder.
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Variables Pane

The variables pane lists the instance variables (if the instance button is hilighted), the
class variables and the class instance variables for the current class and each superclass.
In the example depicted above, the class inherits the instance variablesm_handl e,

m _pr operti es andthe classvariablesW nMessages, W nMessagesEx from
Window, and the class instance variable event Handl er s from WinEventHandler .
Y ou must refer to the class definition to determine the actual type of avariable, though
by convention, class variables begin with an uppercase letter, and classinstance
variables are seldom used. In addition, Smalltalk M T system code prefixes al instance
variableswith "m " for easier recognition.

The pop-up menu lets you filter assigned methods (which are displayed in the right-
most pane) and inspect class variables and class instance variabl es.

Methods Pane

The methods pane lists the methods by category. An asterisk represents the default
category (*). Click on Expand/Collapse All to toggle between the expanded and
collapsed state, which shows or hides methods under the categories.

Y ou can change the category of a method with the Change Category menu item.
Rename Category renames the category system-wide.

A category can aso have a description that is displayed when the category is selected.
To change the description or enter new text, select the category, edit the text in the text
pane, and click on Accept.

Severa filters can be used to display the methods:

¢ Show inherited displays also inherited methods, meaning that the full protocol of
the classis displayed.

¢ Show uncalled displays methods that are implemented but not called from anywhere
in theimage. This option is useful for detecting obsol ete methods.

¢ Show private excludes private methods when checked. A method is private when its
class comment includes the word “ Private’.

Note

Click on Edit|Categories to toggle category mode on or off. When the category mode is off, methods are sorted
alphabetically under a common node, which makes it much easier to find a method by name.
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Compiling Methods

To define anew method or modify an existing one, proceed as follows:
¢ Click on the classin which you want to install the method.

¢ Click on the class radio button if you want to define a class method, otherwise on
the instance button.

¢ To define anew method, click on New Method in the Methods menu. Otherwise,
click on the method you want to modify.

¢ Edit the source code.

¢ Click on Accept in the Smalltalk menu to validate the changes.

Depending on the outcome of the compilation, you may get one of the following
messages in the status bar:

Table 1-3 Compilation Warningsand Errors
Result Icon Description
Ok none  The method has been compiled successfully.
Compilation error L% A compilation error occurred.
Warning Ay The method has been compiled with warnings.
Information 1] The method has been compiled with information.

Warning or information messages can be any of the following:

Table1-4 Compilation Information
M essage Icon Description
None or any message A Check for unused local variables (highlighted in red in
the source).
n new symbols defined Ay The code references methods that have not been

defined el sawhere (check for typing errors).

Return from block (1] An inline block in the method returns from the method;
check whether thisisintended behavior.

19
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New Symbols

Y ou can view the set of new symbols defined right after a compilation. The right button
popup menu has an item named View New Symbols that, when clicked, displaysalist
with the new symbols. This feature allows you to detect messages that are sent by the
method but not implemented el sewhere (in most cases, these are typing errors or
unterminated statements that compound to a message).

Example:
Define the method below and click on View New Symbols.

test
~sel f foo

Figure1-12 New Symbol Dialog
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Thedialog may also listt est if itisanew symbol, but only if new symbols other than
the method selector have been defined as well.
Return from Block

A block return is areturn statement inside a block. The return statement not only exits
the block but also the method in which the block is defined. Though legal, block returns
are not frequently used and come with a performance penalty. Quite often, typing errors
result in unwanted blocks and block returns that this message allows you to detect.

Working with Classes

How to find a class

To find aclass by name, you can either type a search string into the combobox in the
toolbar or click on Find Class in the Classes menu.

Several search algorithms are available:

» If the search is a pattern search:

20
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» |f several matches were found, alist prompter with the matching classes pops
up.
= |f the search resulted in a single match, the corresponding classis selected.

»  Otherwise, amessage box is printed (if the search originated in the toolbar's
combobox, only awarning sound is played).

» If acase-sensitive comparison finds amatching class, that classis selected.

» If acase-insensitive comparison finds a matching class, that classis selected.

Howto delete a class

A class can be deleted by clicking on the Remove Class menu item in the Class
Hierarchy Browser. The effect of the deletion is that the class mutates into an instance
of DeletedClass. The classis definitely deleted when theimage is saved, and the space
occupied by the deleted classis recycled.

How to rename a class

First, you should detect all references to the class name (click on Referencesin the
Classes menu). Next, click on Rename and enter a new name for the class, press OK to
renameit. You must now change al references to the old class name (which are listed
in the previously opened browser).

How to change the Superclass of a Class

Click on Change Superclassin the Classes menu and enter the new superclass. The
operation is only successful if the superclass has the same structure and size (number of
classinstance variables) as the classto reparent (e.g., variable bytes, indexed, pointer).
Otherwise, you must file out the class, deleteit, and file it in again after changing the
name of the superclass in the source file. In addition, you must also recompile all
referencesto the class.

Working with Methods

Timestamps

Each method receives atimestamp when it is compiled. When the image is saved, the
timestamps of al methods that have been compiled during the session are updated to
reflect the time and date the image was saved. Timestamps make it easy to track
changes between sessions.
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It is possible to preserve the timestamp of a method by choosing Recompile rather than
Accept. Thisis useful when the changes to the source code are merely cosmetic, such as
changing a comment.

To edit the timestamp, click on Change Date... under the Methods menu and enter the
date and time into the dialog.

Browsing Changes

If Log Old Sourcesin the Image Propertiesis enabled, the system logs previous editions
of amethod and you can open a Change Browser on all available editions of a method’s
source. Click on Methods|Browse| Changes to open a Change Browser on the selected
method.

Method Statistics
Y ou can open a dialog with method statistics from the toolbar by clicking on the
information sign. The statistics include:
¢ The method timestamp.
The method category.

The (current) virtual address of the entry point.

.
.
¢ Thesizein bytes of method literals and blocks.
¢ Thesizein bytes of the method code.

.

The number of method lookup misses. A lookup miss occurs when the method' s
selector collides with another selector in the method dictionary, or if the method is
inherited. For example, avalue of zero indicates that there are no collisions. You
can aso display the inherited methods (Methods|Show Inherited...) and view the
number of lookups required for the current class. The Working Set Tuner allows
you to optimize the number of lookups of time-critical methods to zero, even for
inherited methods.
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Figure1-13 Method Statistics Dialog
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Accelerator keys

The Class Hierarchy Browser also accepts alternate accelerators, in addition to the
standard accelerators displayed in the menu.
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Table1-5 CHB Accelerator Keys

Key Sequence  Action

F3 Repeat last edit operation

Ctrl + F8 Accept (source code in the edit pane)

Shift + F8 File-it-in

Shift + F9 Inspect (line or selection in the source pane)

Alt + F10 Open API Editor on highlighted API (if applicable)

Shift + F10 Open Pool Browser on highlighted constant (if applicable)
Ctrl + F11 Open anew Class Hierarchy Browser by cloning the current
Shift + F11 Open a Project Browser on the current method or class
Ctrl +D Display (evaluate line or selection and display result)

Ctrl + E Execute (evaluate line or selection)

Ctrl + G Go to highlighted class

Ctrl +N New method

Ctrl + O File open

Ctrl + U Uncalled methods

Alt+S Accept

Alt+2Z Zoom (maximizes the edit pane)

Toolbar customization

Y ou can customize the toolbar of the Class Hierarchy Browser by adding or removing
toolbar buttons. To bring up the toolbar customization dialog, double-click on the
toolbar or click on Tools| Toolbar Customization....

Debugger

Overview

The Smalltalk debugger is an in-process debugger that runsin one of two modes:
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¢ After an exception, the debugger opens in the faulting thread and lets you examine

the call framesthat led to an exception. When you close the debugger, a GUI thread

Figure1-14 Debugger Window
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The debugger isimplemented as an MDI application with at least three child windows:

Table 1-6 Debugger Child Windows

Window Contents

Call Frames Displays the call frames (a stack of method invocations) that lead to an
exception or halt.
Locals Once acall frameis selected, displaysthe local variables, the receiver and

arguments of the frame. The icons on the |eft hand are of three types:

o aninitidized variable.

I an exclamation mark signals that the variable contents have changed

during a skip.
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T agquestion mark denotes an uninitialized variable or binary contents.

Source Displays the method source of the currently selected frame. Evaluations are
done in the context of the selected frame.

Text Opened on demand. Allows evaluationsin the current context.
Inspectors  Opened on demand. Inspect the selected local variable or result of evaluation.

Class Opened on demand. Browse the class hierarchy.
Hierarchy
Browsers

Debugging Frames

26

After the debugger opens, you can display the source code of a method by clicking on
the call frame. The source code can be modified and compiled using Accept (after you
recompile the source, the current instruction may not be highlighted correctly because
the source has changed).

Customizing Child Window Placements

Limitations

Y ou can customize the placement and font properties of child windows. Arrange the
windows the way you want them to appear and click on Save Preferencesin the Options
menu. The settings will be remembered and used the next time the debugger opens.

The Arrange Windows command automatically tiles the windows in a manner that is
useful for debugging. Click on Save Preferences to make the changes permanent.

¢ The Smalltalk debugger is not a debugger in the sense of Win32; in particular, it
cannot display Win32 debugging events.

¢ |If code optimizations are enabled:

» |tispossiblethat the debugger skips a stack frame when a method has been
optimized to not create aframe. The method immediately below will not be
shown.

* |nsome cases, the debugger may not be able to find the calling point in the
source. Thisis again due to optimizations and message inlining.

» Methodsthat do not create aframe cannot be debugged. When you attempt to
trace into such amethod, the debugger emits awarning beep and does nothing.
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Image Properties

Y ou access the Image Properties sheet from the Transcript window. It contains tabs for
various Image and Compiler settings that you can customize.

Figure 1-15 Image PropertlesSheet
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The parent sheet gives you accessto severa property pages.

L4

The Linkage page displays import properties and is discussed in Modifying the
Import Section on page 56.

Processand Virtual Memory pages are discussed in Virtual Memory Settings on
page 62.

Settings properties are discussed in Enabling Diagnostic Messages on page 77.
Optimization is discussed hereafter.

Preferences and Syntax Colors are detailed in the online documentation.

The Compiler Page

The Compiler page lets you adjust three types of parameters:

Language options
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»  Optimization options

» The cachereserved for method |ookup.

Each area can take one of four predefined values:
» Disable: no optimizations apply

» Compatible: conservative settings that |eave assertions intact (booleans, certain
loop parameters, etc.)

e Full: full optimizations

»  Customize: you can adjust individual switches

Figure 1-16 Image Properties - Optimization
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The compiler accepts widespread language configuration options as well as
customizable optimization.
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Table1-7 L anguage Options

Option

Default

Action

Enable Automatic Blocks

Initialize Local Variables
Inline Methods

Inline SEH Expressions

Inline Struct Accessors

Merge Literals

Strict Evaluation Order

Use Identity Symbols

On

Off
On

On

On

On

Off

Off

Automatic Blocks allocate a stack context when
invoked, which makes them reentrant.

Initializes local variablesto nil.

Inlines methods under the .INLINE category. The
receiver class must be well defined; self and
immediate classes are acceptable or explicit type
hints (_as)).

Inlines Structured Exception Handlers
(try:filter:except: and try:finally:). This option
compiles native inline exception handlers and
converts all literal blocksto inline code, resulting in
highly efficient code. Thisimproves performance
but prevents you from reimplementing these
messages.

Note:

The keywords _try:_filter:_except: and
_try:_finally: force inline compilation.

Structures created using local New are subsequently
accessed inline. This option can dramatically
improve reading and writing structure fields.

If checked, causes the compiler to merge literal
objectsin amethod. For example, an expression
like 'abc' == 'abc' returnstrueif literals are merged
and false otherwise.

If enabled, all expressions are strictly evaluated
from left to right. This mode isimplemented for
compatibility with other Smalltalk implementations
and degrades performance.

If enabled, the compiler creates and references
unique symbols. This mode isimplemented for
compatibility and increases the size of the runtime
image.
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Table 1-8 Optimization Options

Option

Default

Action

Always Optimize Floating-
Paint

Off

Enable Native 32-bit Locals On

Frame Pointer Omission

Inline Small Integer
Operations

No Assertions

No Loop Assertions

Optimize Boolean
Expressions

Optimize Floating-Point

On

Off

On

Off

On

On

Appliesfloating point optimizations to all methods.
Usually, only methods with literal floats or with the
%FP Optimization%=ON tag in the method
comment are optimized for floating point
performance.

Applying floating-point optimizations to methods
that do not use floats increases the code size and
reduces the performance for integer arithmetic, so
this option is only useful if a project only does
floating point math.

If the result of amemory read or an API cal is
stored in alocal variable, the native 32-bit format
may be stored instead of a Smalltalk integer. This
avoids unnecessary conversions when the result is
reused as a native 32-bit value. The compiler
counts the number of timesthe variableis
subsequently used as a native value versus the
number of times it must be converted to an object,
and decides whether to convert the value before
storing it in the variable or not.

If this option is disabled, all local variables contain
Smalltalk objects and can be viewed in the
debugger.

If checked, the optimizer tries to remove frame
contexts from methods that do not require one.
Note that the debugger cannot step into a method
without aframe.

If checked, the optimizer inlines Smalllnteger
operations. Thisimproves integer performance but
also increases the code size.

If checked, the optimizer removes assertions for
booleans and integersin loops.

Does not verify loop parameters and receiversin
the case of inlined loops. Enabling this option
speeds up loops but produces unexpected results
when the parameters are not of the correct type.

If checked, reorders boolean expressions for
maximum performance.

Applies floating-point optimizations in methods
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with literal floats or with the
%FP Optimization%=0ON
tag in the method comment.

Pentium Il Optimizations Off If checked, generates optimized code for the
Pentium I1. and above

Optimize Jumps If checked, reorders jumps for maximum
performance. This option should be used in
conjunction with Boolean Expression
optimizations.

Optimize Tail-Recursions  On If checked, performs tail-recursion optimizations. A
tail recursion occurs when the last statement of a
method callsitself recursively.

Remove Unreachable Code On If checked, removes unreferenced codein a
method.
Re-Order Flow Control On If checked, re-orders flow control expressions.
Optimization Levels

For development , disable all optimizations so that the runtime recognizes common
programming errors. The maximum setting will not detect certain errors.

For example, at the maximum optimization level:
b ifTrue: [...]

isequivaent to:
b ==true ifTrue: [...]

meaning that there is no exception if b is not a Boolean.

Likewise, it is recommended to turn tail recursion optimization off while developing
because it does not handl e the case when you later subclass a recursive method
(therefore breaking the recursion). Y ou can turn it on again when the implementation is
stable, and recompile the affected code.

Recursion Optimization

Tail recursion replaces arecursive call to the receiver method with ajump to the
beginning of the method, as in the example below:
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recursiveTest: a
a>1ifTrue: [
N(self recursiveTest: a - 1)

].
a <0 ifTrue: [self raiseException: ST_EXCEPTI ON_| NVALI D_ARGUVMENT] .
N

The compiler places certain constraints on the receiver class and the selector:
¢ Thereceiver class must not have Smalll nteger as subclass.

¢ Themethod must not be reimplemented in subclasses.

The differences in terms of performance can be significant. If the method aboveis
implemented in a class named ATest and the following statements are eval uated:

Time mllisecondsToRun: [
10000 timesRepeat: [ATest recursiveTest: 15]
]

An optimized call takes 19 mswith tail recursion enabled and 29 mswhen it is disabled
(30 mswithout any form of optimization).

Y ou can aso speed up the computation by specifying that the parameter is an instance
of Smalllnteger:

recursiveTest: a
a _aslnteger > 1 ifTrue: [
N(self recursiveTest: a _aslnteger - 1)
1.

a _aslnteger >= 0 ifTrue: ["1].
“sel f raiseException: ST_EXCEPTI ON_|I NVALI D_ARGUMENT

In this case, the cal returns after just 9 ms. The effect of the pseudo-message is that all
integer operations are inlined. Note a so that the most often used branches come first.

Applying Changes
Optimization settings are used when code is compiled. The checkbox Recompile all
methods when compressing invalidates the byte code of all methods in the image, which
forces them to be recompiled when the image is compressed. The byte codeis
invalidated when the property page closes.
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Inspectors

Abstract
Inspectors are windows that display graphically the contents of an object. There are

specialized inspectors for byte objects, structures, dictionaries, pictures and so forth.
Y ou can also implement inspectors for your own objects.

Inspecting Objects

There are severa waysto bring up an inspector, as detailed in the table below.

Table 1-9 Inspecting Objects

Object How to inspect

Result of an evaluation Highlight the expression to evaluate, and choose inspect it.

Classor classinstance  Highlight the variable in the Class Hierarchy Browser, click on
variable Inspect in the Variables menu.

Instance variable Bring up an inspector on the object, double-click or click on Inspect
in the Object menu.

Using Inspectors

The generic object inspector displays two panes. Instance variables or indices are
displayed in the left pane while the right pane prints the selected variable.
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Figure1-17 Object I nspector
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Evaluating code

The edit pane of the Inspector lets you evaluate code in the context of the inspected
object. You can assign variables or otherwise modify the object being inspected.

Inspecting pointer objects
Double-clicking an item in the left-hand pane or choosing File|lnspect opens a new
inspector on the object.

Specialized ingpectors such as M apl nspector also have an Object Inspector item under
the Tools menu, which lets you open aregular object inspector on the inspected object.
For example, you can inspect the instance variables of a M appingTable.

Inspecting byte objects

Byte objects are inspected using a byte inspector, which displays a memory dump of the
object. You can evaluate code in the lower edit pane.

Figure1-18 Byte I nspector

B e ching SlorgA S SIEULWE -

Flz  =cit —mmddiZk wes Oxmn: s

"IIrmar oRanE et :I
=

ISED £5 ZE 74 6% FIOE0 T3 BT Zoter ze A

S0E 0GR SF DT OCT OTE T4 01 mm el

g 'E




Development Tools

Inspecting memory-mapped object files

M OSl nspector opens and inspects a memory-mapped object file. The inspector
displaysthe file header information and classes required by thefile, even if thefile
cannot be loaded into the image (because a class is missing).

The inspector |ets you open and inspect afile or inspect a M appedObjectStream
instance. Thefileis unmapped automatically when you close the inspector.

The left-hand pane displays three items discussed below. Clicking on an item displays
information in the right pane.

¢ Thefirst item, self, displaysthe file header.
¢ Theroot object isthe root of the memory-mapped file.

¢ Theclassdirectory lists classes required by thefile. A class that existsin the image
is marked present. If the file references classes that are not in the image, the file
cannot be mapped.

Figure1-19 M emory-mapped Object File I nspector
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Note If you open inspectors on the root object or any other object that is in the mapped object file, you must close the
secondary inspectors before you close the MOS File Inspector. Otherwise, the object references become invalid when
the file is unmapped.

Inspecting object references

The reference browser is useful for tracking references to an object and resolving
unwanted dangling references.

A Reference Browser is opened from an inspector window, by clicking on
File|References. The Reference browser displays atree of consecutive references. Itis
possible to expand a node to browse recursive references.
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Figure 1-20 Reference Browser
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Cther inspectors
I magel nspector displays animage (an Icon, ImageL ist or Bitmap instance).

OleStreaml nspector and OleStor agel nspector respectively inspect OLE streams and
storages.

Typel nfolnspector and RefTypel nfol nspector inspect OLE type information objects.
Thisis particularly useful when exploring automation interfaces, since the inspectors
list al methods, properties, argument names and types where applicable.

Implementing Custom Inspectors

Y ou can implement customized inspectors for your data structures. The inspector
window should be a subclass of I nspector Window and must implement the following
methods:
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Table 1-10 M essagesin I nspector Subclasses
Method Description
getTargetObject Returns the object to be inspected when the user clicks on
inspect. The default implementation returns the inspected
object.
initWindow Creates one or several child panes. The default implementation

adds the window to the Transcript's graphical menu and sets
the window title.

Finally, implement the messagei nspect or asan instance method in the classesto be
inspected with your inspector. The method must return the inspector class rather than a
window instance (remember that inspectors can also be opened in MDI mode, which
requires an MDIChildWindow instance rather than a FrameWindow).

Method Explorer

Method Explorer usesasingleinterface for the following global and local (i.e., limited
to subclasses of a class) browse operations:

¢

¢
¢
¢

implementors
senders
string search

messages sent by a method

The results are displayed in atree. You can file-out all subnodes of a node (for example
all implementors of a given message) by selecting the node and clicking on File|Save
As... . Tofile-out all methods in the browser, click on File|Save All... .

37



Chapter 1 The Development Environment

Figure1-21 Method Explorer Window
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Project Browser

Abstract

With the Project Browser, you can organize your source code as projects. Each project
can have an arbitrary number of classes, methods, and pool dictionaries. In addition, a
project can reference other projects or external DLLs viathe prerequisite folder. A
project is saved as an ASCII file.

An application may require that the image be linked with external libraries. For
example, Generic must access the library VERSI ON. DLL. A project's prerequisiteslist
those dependencies, as well as other projects that must be installed first. Project
Browser takes care of the installation automatically, binding with DLLs and loading
dependent projects as hecessary.

In addition, the Project Browser lets you also easily generate an executable.
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Figure 1-22 Project Browser Window
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Functional Overview

The Project Browser letsyou perform the following tasks:

¢ Manage your source code: classes, individual methods, pool dictionaries.

¢ Define prerequisite projects that must be present before a project isinstalled.
¢ Define external librariesthat must be linked before a project isinstalled.
.

Install aproject in theimage, linking with external DLLs and loading prerequisites
if necessary.

<>

Remove a project from the image.

¢ Update aproject, removing project definitions that are not present in the current
image.
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Limitations of the Project Browser

¢ You cannot edit aproject beforeit isinstalled, with the exception of the remove
undefined items function.

Working with Project files

Opening a project

Y ou can open a project file and view the itemsit contains. However, you cannot edit or
save the project until it has been installed, unless al the items of the project are initially
present in the image.

Installing a project

Installing a project entails loading any prerequisites and filing in the source code. This
is done automatically by the project manager.

If the project requires DLLsthat are not linked, the image isfirst linked with the
required libraries, and the image is restarted before the remaining project elements are
installed.

After aproject has been installed, it is added to the list of loaded projects.

Project file format

Smalltalk MT supports two project formats: SP stores the project contents as chunks of
text while SPX uses XML.
SP format

An SP project file consists of two sections; the first contains the project definitions
while the second contains Smalltalk source code in chunk format. Y ou cannot install a
project file directly without using the Project Browser, but you can file-in the second
part of the file by loading it first into aworkspace.

SPX format

SPX isan XML representation of aproject and its contents. Thisformat offersthe
following benefits:

e Browsable by any XML viewer

»  Source code can be viewed without installing the project
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e Graphical representation of source code changes and conflicts with the image
when the project browser displays an SPX project that has not yet been loaded

» Individual elements (e.g., class declarations, methods and scripts) can be
installed selectively

e Scriptsare contained in the XML file so there are no references to external files

The downside of the SPX format isthat it requiresan XML parser.

Sorting project methods by timestanp

This option letsyou install a project and sort the methods by timestamp. This makes it
easy to view changes that have been made to a project.

Managing loaded projects

Loaded project view
Thisview displays all currently loaded projects, the category of a project, and uses
different icons to represent dependencies.

A referenced project should not be removed because it is required by other projectsin
the image. Attempting to remove areferenced project displays a message that asks for
confirmation.

Project properties

The Project Properties dialog displays properties of the currently selected project. This
includes the following information:
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Table1-11 Project Properties

Method Description

Name Thisisthe name of the project, as displayed in the loaded
projects view. By default, it is the same as the file name.

Category A user-defined category name that allows you to classify
projects (the category name is not related to method
categories).

File attributes The last modification time and date as well as the size of the

file. Thisinformation is read-only.

Dependents Click on this button to list dependent projects; i.e., projects
that have the current project as a prerequisite. The project
browser will load each project and recompute the dependents,
so that projects files that have changed are taken into account.

Deleting a project

Deleting a project removes the project from the list of loaded projects, without
removing the source code and without deleting the project file.

Typically, you would delete a project after moving its constituents to another project.

Saving a project
Click on FileJSave or right-click on the loaded project and choose Save to save the

project properties and source code to disk. Y ou can aso click on File|Save As... to save
the project under a different name.

Unloading a project

This operation is the counterpart to installing a project. It removes al project source
code, pool dictionaries and variables. However, it does not remove prerequisite
projects.

Defining a project

Theitems that make up a project arelisted in the table Project Elements.
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Table1-12 Project Elements
Item Description
Class Definition The class is owned by the project. By default, all methods are also

Class Reference

All Methods

Method
Pool Dictionary
Prerequisite DLL

Prerequisite Project

Scripts

Variables

included. When the project is removed, the class is removed as well.

The project adds individual methods to the class. When the project
isremoved, only the methods owned by the project are removed.

All methods of the class are owned by the project. Usually, this
makes only sense in conjunction with an owned class. When the
project isfiled-out, all methods currently defined in the class are
saved along.

An individual method that the project adds to the class.
A pool dictionary that defines constants used by this project.

An external DLL that must be linked with the image before the
project can be installed.

Another project that must be installed before the project can be filed
in.

An SP project can have up to two scripts:

¢ Preload: Aninitialization script that is executed before the
project isinstalled.

¢ Post-unload: A uninstall script that is executed after the project
has been removed.

If the project usesthe XML format (.SPX extension), two additional
scripts are possible:

¢ Post-load: A script that is executed after the project isinstalled.

¢ Pre-unload: A script that is executed before the project is
removed.

A project can declare global or thread-local variables that are
automatically added when the project isinstalled, and deleted when
itisremoved.

Note 1

Note 2

Prerequisites (projects or DLLS) are not removed when the project is removed.

If a DLL requires an API definition (.DEF) file, the file must be either in the project's home directory or in the library
path used by the Project Browser (in the image properties under IDE Preferences). Use the Image Properties sheet to
generate such a file (a .DEF file is required if the DLL uses non-default APl argument types, return values, or calling

conventions).
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Defining a Windows Project

Build properties

A Windows Project is a project that defines a stand-al one Windows application, where
application encompasses both executable files and DLLs. In addition to the items
above, it requires the following:

Table 1-13 Window Project Elements
Item Required Description
Project Directory X The project is saved in a separate directory.
Project File X The project file (PRQJECT. SP) is saved in the project
directory.
W NVAIN. SM If present, defines the entry point for a stand-alone
application.
RES Directory If present, contains application resources.
Resource DLL If present, defines the application's resourcesin binary
format.
Resource files Files that make up the application's resources, and that can

be compiledto aDLL.

An executable (EXE or DLL) application has an associated set of build properties that
are saved along with the project.

Build process properties

This page lets you define process parameters as well as the resource DLL that contains
the target image resources.

The parameters are similar to the ones in the Image Properties of the development
image, however they apply exclusively to the target executable. If the project does not
specify its own settings, the values are inherited from the current image. For example, if
the project does not define a Heap Reserve, the executable will be built with the Heap
Reserve used by the development image.

The user interface represents default propertiesin adifferent color. To delete a project
property, leave the field blank and click on Apply.
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Figure 1-23 Build Properties— Process Page
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e The Smalltalk Heap Reserve can be set to a considerably lower level than the value
used by the devel opment image.

» Thelnitial Heap Size specifiestheinitia size of the private, growable heap for
Smalltalk objects

Build resources

The project builder can bind an external binary resource or compile source code to a
resource section. The second option assumes that a C++ compiler isinstalled.

Using precompiled resources

On the Resources page, checking the box Use precompiled resource DLL allows you to
enter aDLL with the binary resources. If you do not enter enter afile name, the builder
looks for aresource DLL in the Res subdirectory of the project (the resource DL must
have the same name as the project). If no DLL isfound, the image is built without a
resource section.

Compiling resources
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If the box Use precompiled resource DLL is unchecked, the project builder generates a
message resource tailored to the application and builds the resource DLL automatically,
if it is not already present (the Rebuild option in the Project menu forces aresource
compilation).

Figure 1-24 Build Properties — Resour ces Page
2
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The application name is used to generate messages that include the application name
rather than “ Smalltalk MT”. The figure below shows two runtime error message boxes,
one generated with standard resources and the other with custom resources.

Figure 1-25 Build Properties — Resour ces Page
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Automatic resource compilation makesit easier to maintain and build projects. In batch
build mode, resources are always recompiled to ensure that the target image contains

the most recent version.

Build options

Figure 1-26 Build Properties— Options Page
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The Options page lets you specify the following options:

Clear global variables

When checked, global variables are set to nil before theimageis built. Check this

option if the project does not require initialized global variables.

Optimize structures

Checking this option causes the builder to optimize structure accessors, resulting in a

dlightly smaller image and faster structure accessing methods.

Exclude unreferenced methods in superclasses
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This options |ets the builder remove methods that are re-implemented in subclasses used
by the target image. For example, the builder would likely remove
Col | ecti on>>i ncl udes: becausethe method is re-implemented in subclasses.

Build Mode
» Release generates an optimized image.
» Debug generates an image that includes the Smalltalk runtime debugger.

»  Test generates an image for test purposes. While the other build optionsinstall a
runtime file that modifies the image's exception and error handling system, the test
option does not modify the development image, so that errors that occur during the
build can be debugged.

Note

The debug switches in the Image Properties of the development environment also affect the output.

Debug Mode
The options that control the amount of COFF symbol information to be included are:

» None: no debug information is generated.
»  Methods. method addresses are generated.

* Methods + Symbols: this option generates a COFF section and includes the used
portion of the Smalltalk symbol table in the target image. 1t makes debugging a
port-mortem dump easier.

Generate DBG info creates a separate debug file in the DBG format used by Win32
debuggers.
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Note Debug Mode does not influence the format of the executable code and data. The executable portion of an image with
COFF debug section is iderttical to the release version.

Build output
Figure 1-27 Build Properties— Output Page
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This page lets you specify the type and properties of the target image.
Image Type

» ActiveX specifies an ActiveX component. The option is only available when the
componentisaDLL.

» Console application specifies a console application. The option is only available
when the component is an EXE.

Threading Model
The threading model controls registry settings and COM initialization.

The development image supports free-threading from the ground up. It isup to a server

application to decide which threading model to use. While the development image itself
can be switched between apartment, free and neutral threading, each project may set the
threading model in the build preferences. This means that a free-threaded image can
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build an apartment or neutral threaded server image, while an apartment threaded image
can build afree-threaded or neutral target image. It is also possible to specify Default;
in this case the target image is built with the settings of the image.

Typically, an application that requires a given threading model will specify it in the
build properties.

Apartment Threading (STA/MTA)

In the apartment model, a client app could call an object's methods only from the thread
on which the object was created. This means that different objects could be called from
different threads, but that each object would be called from only one thread. Thisin turn
means that objects need to serialize their access to their servers global variables and
functions, but not to their own instance data. Under the apartment model, server objects
arerelatively easy to write, but clients are potentialy tricky.

Free-Threading Model (FTM)

In the free threading model, a client app may call any object method or COM function
from any thread at any time. It is up to the object to serialize accessto al of its methods
to whatever extent it requires to keep incoming calls from conflicting. It provides the
maximum in performance and flexibility. The cost is that the objects themselves get
harder to write compared to apartment model objects.

The FTM indicates that the object should straddle the apartment and context boundaries
of the process and that each method call should be executed in the context and
apartment that issued the call.

Both

Single-threaded or multithreaded apartment. ThreadingModel=Both simply means that
the new object should beinitialized in the activator's apartment, with all subsequent
method calls being serviced there as well.

Neutral Apartment Model (NA)

A neutral apartment supports execution of its objects on any thread type and is the
recommended threading model for COM components and COM+ applications.

On Windows 2000, the preferred ThreadingModel setting for non-visual componentsis
ThreadingModel=Neutral.

Synchronization Attribute

Under Windows 2000, objects indicate that they need synchronized access using the
Synchronization extended attribute. While the ThreadingM odel setting indicates which
threadsin a process can dispatch calls to the object, the Synchronization attribute
controls when these calls can be dispatched.
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Image Options
» Register OCX automatically registers an ActiveX component after it has been built.

» Bind Image binds the target image so that it |oads faster (on the current operating
system).

e TheBase Addressfield lets you specify a base addressfor aDLL or OCX. An
executable always loads at the same base address, so thereis no need to specify an
addressin this case and the option is disabled.

Finally, you can also specify the output file name and location. By default, the output
directory isthe development directory.

Installing a Sample Application

Theinstaller sets up the library path so that you can easily install a project. Just open
the Project Browser and install the project.

Y ou are now ready to run the application. Each sample application comes with a
README. TXT fileor an HTML description that lists the additional steps required to start
the sample application.

For example, the READVE file of the Generic application has the following code:

" register the wi ndow class for Generic "
CGeneric registerd ass.

" opens Ceneric "

Generi c new open.

Enter the code into the Transcript (or any other window) and evaluate it (Execute), or
simply click on the class context menus Register window and Test window in the Class
Hierarchy Browser.

Managing Projects

If possible, projects should not overlap (i.e., agiven method or class should only be
defined in one project at atime). If acomponent is used by severa projects, make a
separate project that becomes a prerequisite of projects that reuse the component in

guestion. Note that prerequisite projects can have prerequisites as well.

Project Library Path

To facilitate the installation of projects with prerequisites, the Project Builder uses a
library path. Thelibrary path definesthe directories in which the browser looks for
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prerequisites. By default, it points to the SOURCE subdirectory in the Smalltalk MT root,
but it is possible to extend the path to include other directories aswell. Click on Library
Path in the IDE Preferences page of the Image Properties and enter the directories to
scan, separated by semi colons. Note that the library path is not an environment
variable; it is specific to each Smalltalk MT installation.

Example:

To add the subdirectory PRQIECTS to the path, open the library prompter as described
above and add the following line:

c:\programfiles\smalltalk nmt\source\*; c:\programfiles\smalltalk nt\projects
Y ou can add wildcards to let the builder search an entire directory branch. In the

example above, the builder will search filesin the directory branch rooted at c: \ pr ogr am
files\smalltal k nt\source.

Class Initialization Methods

After aclassowned by aproject isinstalled, it is sent the messagei ni t Cl ass.
Implementations of this method either call aclassi ni ti al i ze method or perform
some initializations of the class. The default implementation of i ni t C ass (in Class)
does nothing.

You can re-implement i ni t Cl ass to perform initializations once the class has been
installed (but do not forget to call super initd ass).

Using Third-Party Resource Files

Y ou can use athird party resource editor to build the resources used by your application
(menus, bitmaps, icons, dialogs, accelerators...), the only regquirement being that the
result isavailablein DLL format.

Most builders generate an include file that defines the constants used by the resources.
Y ou can file-in the constants as a pool dictionary and add it to the project (and to the
classes that use those constants). To do so, open the Symbol Editor and load the include
filein question.

Note

If you use Mcrosoft Visual C++ the resource editor may use default constants such as IDC_CHECK1,
ID_FILE_OPEN, etc. These constants are already defined in Smelltalk MT, but with differing values (MSVC generates
most values on a case-by-case basis). In order to promote reusability, we recommend changing the #include
statement to refer to RCST.H (in the SUPPORT\INCLUDE subdirectory).
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Generating a stand-alone application

If you follow the instructions above, compiling an executable is as simple as clicking on
Build project.exe in the Project menu of the Project Browser.

The executable must not reference the compiler, the debugger, or use devel opment
code. In particular, it cannot havesel f halt statements.

Symbol Editor

Abstract

The Symbol Editor lets you edit pool dictionaries. Pool dictionaries appear in the
definition of a class and define constants used by the class, similar to the way include
filesareused in C.

After you select apool dictionary to edit, the Symbol Editor displaysthe key and value
pairs that define the pool's associations. Clicking on an entry of the list sets the key and
valuefields.

Figure 1-28 Symbol Editor
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The symbol field must contain avalid identifier. The value field accepts any valid
Smalltalk expression that evaluates to a constant.
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Working with Files

A pool dictionary can be stored on disk in two formats; the Smalltalk-specific
st or eOn: format and a C-compatible format that uses #def i ne statements. You can
also import apool dictionary from disk.

When you open an include file, you are prompted for a name under which the new
dictionary should be installed. Because Symbol Editor remembers the file name that
corresponds to a pool dictionary, the prompter displays a default name if the pool has
aready been installed from a file with that name.

In the event that the pool dictionary already exists, you are given more options:
¢ Replace simply replaces the old dictionary with the new (default).

¢ Mergeletsyou define how to handle old key-value pairs that would be overwritten
and new ones that did not exist in the old. These options are useful when you want
to merge include files or update values without inserting new elements.

¢ Deélete creates a complement of the existing pool and the new pool

¢ Deéleteif values are equal creates apool that only contains the values that have
changed.

Figure 1-29 Merging Pool Dictionaries
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Example 1.

To create a pool dictionary that contains the declarations of severa include files, click
on the merge option and on Keep old value, Insert new.
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Example 2:

To update the values of an existing pool dictionary, click on merge and Replace old
value. Key-value pairsthat are not in the include file are left unchanged.

Example 3:

Toinsert new key-value pairs without modifying existing data, click on merge, Keep
old value, and Insert new.

Transcript Window

The Transcript Window is atext window that is always open during a Smalltalk
session. It isintended for system messages, and is also the starting point for system
maintenance tools. It is referenced by the thread-local variable Transcript, so you can
print simple messages using:

Transcript show 'sonme info\n'.

The Transcript displays also graphical menu that lists all currently opened Smalltalk
windows.

Figure 1-30 Transcript Window
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Note The Transcript window, like workspaces, understands the RTF format. However, the contents are not saved in RTF
formet.
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Workspace Windows

Workspace windows are text editors that let you evaluate Smalltalk code. Y ou can set
the title of aworkspace by clicking on the system menu.

Thread Viewer

Thread Viewer isautility that monitors Smalltalk threads. It is useful for stopping and
debugging athread or getting out of an infinite loop. It runsin a separate thread and lets

the user set athread's priority, suspend and resume threads, as well as break and kill
threads.

Figure 1-31 Thread Viewer
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Breaking athread entails raising a resumable exception in the thread, which brings up

the walkback dialog with the options of debugging, discarding, resuming or invoking a
top-level handler.

ThreadViewer can be started from the Transcript's Toolg| Thread Viewer menu. This

installs atray icon on the task bar. Double-click (or right-click and choose Open) the
icon to open the actual window.

Torun ThreadViewer automatically, check the corresponding box in the image
preference sheet. See also Image Properties on page 26.
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Breaking a thread

Select the thread you wish to stop and click on break. Thread Viewer then entersa
loop that tries to stop the thread in user code (Smalltalk code). If unsuccessful, adialog
box pops up that asks whether you wish to break it in system code. Beware that
breaking athread in system code may have adverse effects, especially on Windows 9x.

Killing a thread

Thisoption is useful if you are confronted with thread synchronization problems (a
deadlocking thread for example), and lets you get rid of secondary threads. Y ou can
also kill the main thread, but this leaves you with little options except exiting the
process.

Suspending and resuming a thread

This operation is straightforward, and the thread's suspend count is displayed in the
window.

Problems using ThreadView
Y ou may experience difficulties when amain thread is starving ThreadView, which

makes the applet unresponsive. It happens mostly on NT uniprocessor systems, less on
Windows 98 and never on multiprocessor machines.
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Image Maintenance

Overview

The Smalltalk MT development environment comesin form of aloader, an executable
image and an associated source file. The executable file contains the Smalltalk object
code and data.

During the development cycle, the executable image is modified as you add your own
data and code, and perhaps change existing data structures and code. The source file
SOURCES. BI N contains the source code, while the log file CHANGES. SL keeps track of
al modifications to the system.

The image save operation lets you record the changes to disk. This generates a new
executable and associated source file. The loader backs up the current version and starts
the new image.

Because both the source file and the executable can become fragmented, it may be
useful to compress the image. Y ou must also compress the image after you modify the
set of statically linked dynamic link libraries.

Saving an Image

A Smalltalk session is characterized by a set of objects and data structuresin the
process space. Saving the session entails taking a snapshot of the objects in the system
and serializing thisinformation to disk for later retrieval.

The files with the updated contents are respectively STI MAGE2. EXE and

SOURCES?2. BI N. The loader STMT. EXE renames the current image set (STI MAGE. EXE
and SOURCES. Bl N) into STI MAGE. BAK and SOURCES. BAK, and the new set into

STI MAGE. EXE and SOURCES. Bl N. Calling the loader with the /restore option revertsto
the former settings and can be used if the new image fails to start.



Image Maintenance

The file CHANGES. SL logs al modifications in the system. Y ou can use the contents of
thisfileto recover code after an image crash. The log file can be deleted when the
information it containsis no longer needed, thus recovering disk space.

OLDSOURCES. SL isan ASCII file that contains overwritten methods. Y ou can browse
previous versions of a method in the ClassHierarchy Browser by clicking on Changes.

See a so Browsing Changes on page 22 and Old Sources Log on page 65.

Command Line Options

The loader program STMT. EXE accepts certain switches that are detailed in the table
below. These switches are not passed to the executable image but , eaten’ by the loader.

Table 1-14 Command Line Switches
Switch Effect
/nobackup Unconditionally overwrites STIMAGE.EXE and SOURCES.BIN with
STIMAGE2.EXE and SOURCES2.BIN, and without first backing up the
files.
Irestore Overwrites STIMAGE.EXE and SOURCES.BIN with respectively

STIMAGE.BAK and SOURCES.BAK.

Modifying the Import Section

Smalltalk MT uses the native DLL binding mechanism for optimal performance. Before
you can use an API in amodule, you first link the module to the Smalltalk image and
load the API specifications. Y ou do so by opening the | mage Properties sheet from the
Transcript's Tools menu.

The Imports property dialog

This dialog manages the import section of the Smalltalk image. The Linkage page of the
I mage Properties sheet lets you add, remove and update module imports. However, the
changes will not take effect until you save your image with the compress option.
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Figure 1-32 Image Properties— Linkage
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The list shows the imported modules, the number of exports in each module, the
number of reserved exports, and the number of exports used in each module.

Clicking on amodule displays the library name and file version in the text field below

thelist.

Table1-15

Import Page Fields and Actions

Column

Meaning

Total

Reserved

Used
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This column displays the number of APIs currently defined in each module.

This column lists the number of reserved API import dots for the module. By
default, this equals to the number of available APIs, unless you specify a
different value in the Reserved Imports field below. Specifying alower value
reduces the number of APIs available simultaneously from the current
module but also reduces the size of the import section.

The last column shows the number of APIs currently imported, per module.
The column is updated each time the image is compressed.
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Add... Add leads to a File Open dialog box that lets you specify amodule (aDLL)
to be imported.
Update... Update prompts for the pathname of the DLL to update. By default, the

pathname of the DLL in the path is displayed, but it is possible to specify an
aternate path. Y ou can use this option to update the API properties of a
module that has changed.

Note that this option does not modify existing API declarations; it only
updates internal properties such as the ordinal and hint used when linking.

Remove Y ou can remove the selected module by pressing this button. Y ou should
only do thisif the image does not import functions from this module (the
number of used functions should show zero).

Open Open lets you load an import definition list for the currently selected module
(see aso Save As).
Save as Save As saves the import definition list of the selected modulein a

declaration (.DEF) text filein ASCII format. Thisis useful if you want to edit
thefilein atext editor (see aso below).

Increasing the Nunber of Reserved Entries

It is often convenient to adjust the number of reserved dots (the number of functions
effectively linked). Many DLLs have alarge number of exports such as ANSI and
Unicode versions of APIs, undocumented (private) exports and more generally
functionsthat are not likely to be ever used.

When the number of slots alocated to a particular DLL is exhausted, the compiler
raises an error the next time you try to reference a new function of that DLL. In this
case, you must increase the number of reserved entries in the import property page.

DLL Properties

By right-clicking on a module name, you bring up a popup menu that lets you edit the
API entries of amodule. Y ou can aso double-click on the module name to display this
window.

The DLL Properties dialog lists all functions exported by the selected module, along
with the calling convention, return type and arguments. Selecting afunction displays
the API propertiesin the same way asin the API property editor.
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Figure 1-33 DLL Properties Dialog

SHELL3Z.dIl DragAccepthiles |
AP | Calling | Rat -| Relurs
ChockE scapost, WwiblAP] it 1 |intoger [dofaul) =l
TherkF zrapess’ wlMAR nt ) .
CommardLine Tadugny wiNAP it Lalling Corenlior
Contel it AaDLA  WiNEFL i Wi

nhiol_-illCache_Runl nt
Contiol_TilCache RunDL w'  wiMNAF] it " sTOCALL
Conbiol_unDLL el AP it
Canhal_3uanl 1A wiNAPI it Hurrber of Arguments —
Contiol JunDLLés zersy Wl NAP nt i Waizkle
Contial_3unDLLw el AP it T
DoE nviranrentiubstd WwNAF] int =
oEvrrrenuhsM nt SR
T an=imizh \Mnimm it ﬂ 2
1 r 2
Muntiree: Lookup

[+ Ghatiz Liak | i by Hame o by Ordiyal A gl |

Note

An argument count of -1 signifies that the function is currently unused. The number of arguments is updated the first
time you use the function.

Working with Imports

Tolink withaDLL, click on Add and enter the name of the DLL. Y ou just need to enter
the name; the system will look in the path of the process to locate the library. However,
you can also specify the absolute path name, for exampleif theimageis currently
linked with a DLL and you wish to specify adifferent version of that DLL.

When aDLL isno longer used, you can remove it by clicking on Remove. The used
field should display zero before you remove the import.

Click on Update to reload the list of exported functions and update internal DLL
properties. For example, it is agood ideato update system DL L s after a new version of
the operating system has been released. Thiswill not only give you access to new
functionality but also improves the loading time of the process.

The buttons Open and Save As respectively read and write an ASCI| file that lists the
exported functions and API properties of the selected module. Thefileis saved with a
.DEF extension. When the compiler binds with alibrary, it first looks for a
corresponding DEF file beforeit installsthe DLL. If no DEF fileisfound, thelibrary is
installed with default properties.
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Note

To move APIs from one DLL to ancther, update both entries, then click on the Optimizations tab and check the
recompile all methods box.

Example LIBADLL currently contains a function MyFunc. You would like to link with a modified LIBA.DLL that does not

contain this function, and with LIBB.DLL which contains MyFunc. Click on update, specify the pathname to the
modified DLLs, check recompile all methods, then save, and exit the image. Copy the modified DLLS to your path and
restart.

Runtime binding

How'to...

Smalltalk MT also supports runtime binding. In this mode, a moduleis only |oaded
when needed and the function addresses are retrieved at runtime. For modules that are
seldom needed, this has several benefits:

» Theworking set of the application is reduced.
» Application start-up time isimproved.

» Theapplication can test for the presence of agiven DLL and degrade gracefully if
the DLL ismissing or is not of the expected version. With static linking, the
application would not start at all.

Runtime binding can be configured for each module, and it does not affect application
code. On the other hand, static binding is the best way to link required modules or to
ensure that all function references can be resolved. And calling statically bound
functionsisfaster than calling dynamically bound ones.

Enable runtime binding

Y ou can browse the methods that reference a selected module by right-clicking on the
module and sel ecting Browse References. This alows you to determine whether the
module is a candidate for dynamic binding.

Click on Change to delay-load to load the module dynamically. The changes take effect
after you save and restart the image. See also below for binding by ordinals vs. binding
by function name.

Determine if runtime binding should be used

After executing your application, open the import property page. The Used column of
each dynamically bound module displays No if the module has not been loaded, Loaded
otherwise. If the module has been loaded after simply starting the application and
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performing a couple of common operations, it is probably more efficient to link the
module statically.

Y ou can also build an executable of your application. The compiler warns when the
target executable references dynamically bound libraries.

Note

If VERSI ON. DLL is bound dynamically, the import properties page will load it when displaying version
informetion. Therefore, VERSI ON. DLL will always appear as loaded.

Enable static binding

Proceed as above, but substitute Change to static link for Change to delay-load.

Configure Ordinal vs. Name Binding

In the import property page, double-click on a module to edit module properties. For
dynamically bound modules, you can click on By Name to bind by name and By
Ordinal to bind by ordinal. After modifying any of those values, you must save and
restart the image.

Exported functions are identified by name and by ordinal. Binding by ordinal is faster
and uses less space, while using names is more robust. If afunction may not exist or if
different versions of the module have conflicting ordinals, you must use name binding.

Unload a Library

An application may wish to unload a module after it has been used in order to reduce
the working set of the process. Dynamic binding is implemented by RtM odulel oader .
Themethod f r eeLi brary: freesalibrary that has been previously loaded
dynamically.

Summary

An application can take advantage of runtime binding for functionality that is seldom
used, therefore reducing the working set of the application. Another scenario involves
libraries that must be accessed at runtime with LoadLi br ary and

Get Pr ocAddr ess. In this case, using dynamic binding is an elegant alternative
because it achieves the same result without placing a burden on the application code,
which calls the functions as usual.

Finally, dynamic binding gives an application flexibility in terms of functions supported
by the module. For example, an application can determine the version of the module
that has been loaded and degrade its functionality gracefully, while a statically bound
image would fail to load if an imported function cannot be found.
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Virtual Memory Settings

The Image Properties sheet has tabs for specifying virtual memory (Virtual Memory
page) and process memory settings (Process page).

The two most often used fields are:

¢ Thesize of the sourcefile. The source file is a memory-mapped file and as such, it
needs a pre-allocated size. The value in the field must be larger than the size of the
filewhen it is committed to disk (e.g., after Smalltalk MT has exited). The value
affects runtime performance in the Windows 9x/NT edition, however, the
performance of imagesin Windows NT mode is not affected.

¢ The amount of reserved memory (Heap Reserve and Initial Heap size). This setting
affects both the working set size and runtime performance. There is no optimal
value, because performance depends on both the memory profile of your
application (whether it produces alot of garbage, requires alarge number of
objects, and other factors) and the hardware. If the allocated memory exceeds
available RAM, overall performance degrades because of swapping, while alower
setting may actually yield much better performance. On the other hand, setting it
too low may result in more activity in the garbage collection thread. In addition, the
value represents a maximum and does not imply that the memory is actually
committed. In most cases, the default value isjust fine.

» Heap Reserve: this vaue defines how much memory is reserved for Smalltalk
object spaces. An image has 8 fixed-size spaces in which objects are allocated,
plus a growable heap that is used for large objects and when the fixed-size
spaces are full.

= |nitial Heap Size: this value defines how much memory isinitially committed in
the Smalltalk heap. If an image requires more memory that the sum of the
object spaces and the heap, the heap needsto grow. Growing a heap many times
isapotentially costly operation.

Section Sizes

Overview

Smalltalk MT images follow the PE format and contain a collection of sections. A
section is an areain an executable file that is mapped to memory by the loader of the

65



Chapter 1 The Development Environment

operating system. A section has a physical size (the sizeit takes up in the executable
file), avirtual address and virtual size. The virtual size specifies the memory range to
reserve. Obvioudly, the physical sizeis aways less than or equal to the virtua size.

The Smalltalk M T development image comes with predefined virtual section sizes. The
virtual section sizes must be larger than the physical sizesin order to alow the imageto
grow. If a section cannot hold enough data, it is necessary to increase the virtual section
size. This can be donein the Virtual Memory tab of the Image Properties sheet. If
there is not enough space, the image save operation fails.

Note When a runtime image is generated, all sections are optimized to minimize the virtual address space (since the
executable cannot grow anyway). Therefore, changing section sizes has no incidence on a final executable.

Figure1-34 Image Properties - Section Sizes
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Code section

All referenced code is rel ocated to the code section when the image is saved. The code
in the code section accumulates until the image is compressed. It is therefore necessary
to compress the image from time to time, as this eliminates superfluous code.
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Class section

The class section contains the classes that are in the image (but not the classes
contents, - see below). Since a class takes only 28 bytes plus 4 bytes per class instance
variable, asmall class section is sufficient.

Data section

The data section contains all static data such as objects referenced by global variables,
class variables and class instance variables. It also contains the method dictionaries and
other internal data.

The default value of the data section is 1M B, which may not be enough for programs
that use large amounts of static data (i.e., data saved with the image). In such a case, the
image save operation fails and you must first restart the image and increase the size of
the data section.

Import section

The import section contains the import directory for the process. Each DLL linked with
the image is associated with areserved areain this section. The requirements increase
when additional libraries are linked to the image.

The size of the import section must always be greater than the number of effectively
used entries. The fill factor is displayed in atooltip window when the mouse cursor is
over the import section size field (in the Image tab of the | mage Proper ties sheet).

Compiler settings

The compiler settings define the memory that can be allocated for compiling as well as
the size of the sourcefile.

Dynamic Code Size
In the devel opment image, the compiler reserves a memory region to hold the compiled

code. The compiled code generally accumulates until theimage is saved (thereis an
optimization for unreferenced evaluations).

When the dynamic code section isfull, the compiler warns that it cannot compile code
anymore, and the image must be saved and restarted.
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Source file
The sourcefile is a memory-mapped file. It is hecessary to specify a maximum size for
thefile (the Win32 API reguiresthis). The source file a'so grows until animageis
compressed.

Old Sources Log

This optional feature logs previous editions of method source code, alowing you to
browse and restore previous editions of a method.

Some sample section sizes

The tables below lists some sample section sizes for a development image and an
application.

Table 1-16 Development I mage Sections
Section Sizein kB

text 940
.gdata 17
.data 426
.idata 20

The runtime section sizes of anon-trivial executable such as the FileFind sample
(FI LEFI ND. EXE) arelisted in the following table.
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Table1-17 Setup Sample Sections
Section Sizein kB
text (code) 87
.gdata (class) 6
.data (data) 35
.idata (import) 5
.rsrc (resources) 15

Process Properties

Overview
The process property page lets you edit properties of the executable image. The

properties do also apply to generated executables. Except for the Smalltalk heap and
Resourcesfield, al values are stored in the PE (Portable Executable) header.
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Figure 1-35 Image Properties- Process
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Smalltalk Heap Reserve

The Smalltalk Heap Reserve specifies the total memory to reserve for Smalltalk. The
memory actually committed is always below the total .

Y ou can often decrease this value for executables generated with Smalltalk MT.

Stack Sizes

The reserved and committed stack size fields let you adjust the default process stack
settings.

By default, spaceisreserved in the following manner:
¢+ 1 megabyte (MB) reserved (total virtual address space for the stack)
+ 1 page committed (total physical memory allocated when stack is created)
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Heap Sizes

The operating system will grow the stack as needed by committing 1-page blocks out of
the reserved stack memory. When the reserved memory region has been committed, a
stack exception will occur. Stack exceptions are in general not recoverable.

Each new thread gets its own stack space of committed and reserved memory. By
default, the values are taken from the process properties.

The reserved and committed heap size fields et you adjust the default process heap.
The default heap is used by the C runtime and some operating system functions.

Version Fields

Resources

The version fields specify the operating system and subsystem version required by the
process, as well as a private image version.

If the operating system or subsystem versions are higher than the current Windows
version, the process will not start.

Y ou can change the resources in the resource section of the image by specifying a
resource DLL inthisfield.

Restoring an Image

Although Smalltalk MT automatically creates a backup file each time you save the
image, it is desirable to keep permanently backed up copies of an image. Because the
Smalltalk image evolves as you program, there is a possibility of image corruption (for
example, a pointer bug might damage an internal data structure and go unnoticed for a
while). That is, you may end up with both the current image and the backup (. BAK)
files being corrupted.

There are several waysto restore an image. Before you do so, copy the current image to
another directory, in case you need it later.
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Reinstalling changes

In the case of aminor problem, or if the method outlined above does not work for you,
you can open the log file CHANGES. SL and selectively file-in the source code it
contains.

Installing Image Differences

This method generates a file-in which, when applied, transforms the code of the current
image to atarget image.

Click on Source Comparisonsin the Transcript. Y ou are then prompted for atarget
image (a SOURCES. BI Nfile) and for the name of the file-in to be created.

Figure 1-36 Sour ce Comparisons
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Example:
Create anew class AT est with amethod named t est . Save and restart your image.

¢ Click on Source Comparisons.
¢ Enter thefile SOURCES. BAK.

¢ Savethefile-in under TEST. SM
¢

Click on Invert source and target files. Otherwise, the file-in just deletes Atest.

Thefile-in contains the following code:



Image Maintenance

"Pool Differences"!

"Class Differences"!

hj ect subcl ass: #ATest
i nstanceVari abl eNanes: "'
cl assVari abl eNanmes: "'
pool Dictionaries: '"'!

"Met hod Differences "!
"Met hods to ADD "!

I ATest * net hods!
test
Nsel f! !

Restoring an image from a source file

This method synchronizes an image with a given source file by recompiling the source
code. It is recommended that you only try this technique as alast resort, or at least keep
backup copies and test the new image thoroughly.

1. Copy the backup STI MAGE. EXE file to atemporary directory. Copy the sourcefile
SOURCES. BI N of the corrupted image to the same directory.

2. If necessary, link with all libraries that are used by the corrupted image.

3. Start theimage and file-in UPDSRC. SM which can be found in the support
directory.

4. Open the Image Properties sheet, click on the Optimizations tab and check the
recompile all sources box. Click on Ok, then save and compress the image.

5. You now have anew image that contains the code of the corrupted image. Y ou may
have to perform additional classinitializations.
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UPDSRC. SM
Thefile-in installs the classes that are in the source file but not in the image.

| fContinue newDescriptors |
newDescriptors := OrderedCol |l ection new.

f Continue := fal se.
Conpi |l er classDescriptors do: [ :szCass :cd |
(cd isMenberOF: O assDescriptor) ifTrue: [
(G ass fromNane: cd nane) isNil ifTrue: [
cd superclass notNil ifTrue: [
Conpi |l er evaluate: cd storeString.
newbDescri ptors add: cd
]
i fFal se: [
fContinue := true
]

]
]

fbontinue
] whileTrue: [].

newDescriptors do: [ :cd |
Conpi l er classDescriptors at: cd nane put: cd
].




Troubleshooting

Troubleshooting

Development Environment

Runtime exception while compiling code

The compiler tries to evaluate constant expressions and, if successful, stores the result
rather than generating the code that performs the operation. For example, an expression
such as the one below is evaluated at compile time.

CS_HREDRAW CS_VREDRAW CS_DBLCLKS

If the operation fails because of an exception, the compiler does not try to handleit and
gives the programmer an opportunity to analyze the error. The reason isthat if an
expression involving constants fails at compile time, thereis also agood chance that it
failsat runtime aswell.

For example, evaluating 1 // o raises aruntime exception while compiling.

In some cases, the exception occurs because an operation involves methods that are not
installed when the code is compiled. Typically, this can occur when installing a project.
The solution is to isolate the methods that replace or extend the base classesinto a
prerequisite project. This project isinstalled safely into the image before the main
project codeisfiled-in.

Invalid library path

This message occurs when the Libraries value of the key
HKEY_CURRENT_USER!\ Sof t war e\ Obj ect Connect\ Snal | t al k MM ver si on\ Root
isincorrect or missing.

To correct the situation, open the | mage Properties, click on IDE Preferences, Library
Path and enter the library path. It must at least include the SOURCE subdirectory of the
Smalltalk installation.
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Problems installing a Project

Project Browser fails to find sub-project

This error may occur when the registry entry that lists the source path is missing. In the
Image Properties, click on Library Path under IDE Preferences, and enter the path to
the source directory (e.g., C. \ PROGRAM FI LES\ SMALLTALK MM\ SOCURCE).

If the sub-project is not in this directory, you have to either append a path entry or
locate the project.

Syntax Error while filing in the project

A text window pops up with the syntax error. If correcting the error requires
modifications in the project's source code, open aworkspace and edit the project file
(. SP). Do not change thefirst part of thefile, asit contains project definitions. The
second part contains the source code in chunk format. Save the file and retry.

Application fails to load resources

Most applications have an associated resource DLL that must be in your path before
you can open the application. For the samples, the DLL isin the RES subdirectory of the
project (i.e., PROJECTS\ GENERI C\ RES for the Generic sample). Copy the DLL (after
compiling it if necessary) to your path.

Starting an application usually involves the following code sequence:
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MyAppW ndow r egi st er Cl ass.
MyAppW ndow new open.

Application fails to load resources when compiled as stand-alone executable

The image builder loads the executable's resources from the DLL in the res
subdirectory (see above). The DLL must have the same name as the project (e.g.,
GENERI C. DLL for the Generic project). If the DLL is not present, no resources are
compiled into the executable.

Opening a project file displays nothing, or generates an exception

Thefilein question isnot avalid project file.

Problems Generating an Executable Image

Error while generating the executable

Errorsthat occur while generating an executable can be difficult to track because the
builder installs runtime error handling. The runtime-specific codeisin a set of files
named RUNTI ME_XXX. SM In order to detect the error that causes a build to fail, check
the Test build mode in the Build Properties of the application and rebuild the target.
The test build mode generates a target image that includes the devel opment debugging
methods.

Note

A very large executable indicates a build failure. The builder creates a mapping file and truncates it when the build
completes successfully. If the build fails, the file is not truncated and is unusable.

Runtime errors

First, make sure that the diagnostic messages in the Image Properties sheet are enabled.
They will allow you to track the problem more easily.

Many diagnostic messages are printed on an external debugger, so the second step
should be to use a utility such as DBM ON or to load the executable under WinDbg or
another debugger.

In order to view symbolic information in athird party debugger, you must build a
debugging version of the program.
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Error loading a resource

If the resource (such as a menu) loaded correctly in the development image, make sure
that the RES subdirectory contains the resource DLL aswell.

Check the methodsi niti al i ze andr egi st er d ass inthewindow class. The
samples and the code generated by the application wizard define those methods under
the development-only category (. | NTERNALDEV). The runtime code uses the
resources defined in the executabl e itself rather than the DLL (which is not needed at
runtime).

Y ou must also copy the resources for the following components:

¢ Prompter: requires dialog templates for the different prompter modes (simple,
combo, list).

¢ SplitPane: requires the split cursors

The resources are in the SUPPORT subdirectory. See also Application Resources on page
354 for more details.

Window Creation fails

Make sure that the start-up file W NMAI N. SMperforms all required window class
registrations. If you use external libraries (common controls', OLE, etc.), you must call
their initialization function at startup.

A failureto create awindow raises an exception (invalid handle). If you enable
debugging, a message box with the error is displayed.

Exception at runtime

Most exceptions are of the type Message not understood. Use DBMON or start the
executable in an external debugger and watch for diagnostic messages of the type:

"An instance of class XXX did not understand Symbol (OxHH). The message was sent by
an instance of YYY."

To find out the string value of the symbol, start the development image and evaluate:
Synmbol val ue: OxHH

Methods missing at runtime
There are several reasons why amethod is not included in the runtime image:

! Initialization of the common control library is required on Windows 98 but not on NT
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¢ The method is a development-time method (category | NTERNALDEV) or is called only
by development methods.

¢ Themethod iscaled indirectly (viaper f or m ) and without using explicit
symbols. Set the category of the method to caLLeack (this forces the method to be
included in the target image). An example of such a case is the Windows message
dispatcher in Window.

Classes missing at runtime

If aclassisreferenced but not present, the target image crashes. A common cause is that
the classisreferenced by aclass or global variable but not by code. The solutions are:

¢+ Referencetheclass statically (i.e., by referencing it from code that gets executed)

¢ Add aclass method named addRef er encedCbj ect s: to the classthat
references the missing classes. The method must add the classes in question the set
that is passed as argument to the method. The method itself is a devel opment-time
method that gets called by the builder.

Debugging Issues

Abstract

Smalltalk MT can generate useful diagnostic messages that help you track down
problems. The messages are printed on an external debugger, or, in the case of fatal
errors, logged as eventsin the application log (on Windows NT).

Using an external Debugger
Y ou may want to use an external debugger for any of the following reasons.
¢ viewing debugging messages (viaCQut put DebugSt ri ng)
¢ tracing into external DLL code

¢ system-level debugging
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The processto load is STI MAGE. EXE. Make sure you set the current directory to the
Smalltalk directory that contains STI MAGE. EXE (in the project settings if you use
MSVC). If you usethe NT edition of Smalltalk MT, you must also set access violations
to notify because the NT image internally changes the protection state of virtual

memory.

For just-in-time debugging, insert the following code into your code:

Sel f _break.

The debugger will breakpoint inside the method, allowing you to step out and trace into

an externa function.

Enabling Diagnostic Messages

Y ou can enable specific debugging messages in the |mage Properties sheet on the

Settings page.

Figure 1-37 Image Properties - Debugging
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The messages are printed on an external debugger viaQut put DebugSt ri ng.
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Table 1-18 General Diagnostic M essages
Message Type Description Constants
Errors Logs a message when an error occurs. The ~ _DEBUG_USER_ERRORS
message can be logged in the application
event (on Windows NT/2000), printed to a
debugger, or displayed in a message box.
Which output medium is used depends on
the variable LogMode in M essageBox.
Process Monitors certain kernel calls. _DEBUG_I NTERNAL
Memory Enables memory probes and signals memory -ggg-: %ESM[EIE\L/ LCC,
corruption. If amemory corruption occurs, a — -
diagnostic message is printed on the
debugger, if any, and logged in the
application log (on Windows NT).
Parameter Enables parameter validation. —DEBUG_PARAM
String Prints a message on ANSI - Unicode —DEBUG_STRING
Conversions conversions. Useful when porting an ANS
application to Unicode.
GDI Monitors GDI objects. Useful in conjunction -DEBUG_CGDI
with the debug release of Windows to detect
GDI problems, for example deleting a used
GDI object.
User Enables diagnostic messageswhen aUser ~ _DEBUG USER
API fails. Recommended during
development.
Table1-19 OLE Diagnostic M essages
OLE Message Description Constant
General General OLE messages. _DEBUG OLE
Reference Monitors AddRef and Release. -DEBUG OLE_REF
counting
Interface Monitors OLE Interface creations. _DEBUG_QLE_CREATE
Creation
IN Monitors OLE callbacks. -DEBUG_QLE_IN
ouT Monitors OLE interface calls. _DEBUG GLE_QUT
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QueryInterface  Monitorsall calls (Log all) or only theones _DEBUG OLE Q

that fail (E_NOINTERFACE). _DEBUG OLE_Q _FAI L
Server Logs registry entries asthey are created or ~ _PEBUG_OLE_REG STRY
registration deleted.

Typically, the constants are used as follows:
_DEBUG XXX == TRUE i fTrue: [
" print sone diagnostic nessage or performvalidations "

1.

The compiler optimizes the statements because the value of _ DEBUG XXX is known at
compiletime. If you set the constant to FALSE (using Symbol Editor or Image
Properties), the code is not generated. The effect issimilar to an #i f def preprocessor
statement in C/C++.

Check Update All Methods if any changes you made should be global. Otherwise, only
code that is compiled after you exit the dialog will be affected.

Using the build log file

The builder generatesalog file (bui | d. | og) along with the executable. The log file
contains acomplete list of the methods and classes that are in the target image and
serves a similar purpose as the .map file generated by C/C++ compilers. Thelog file can
be used for several purposes:

Port-mortem debugging

If the target executable fails and has no debugging support (neither runtime debugging
nor COFF symbols), the addresses of the log file can be used to determine the call stack
at the time the exception occurs. The Post Mortem Viewer can be used to view the
information in the log file. Using the log fileis a poor substitute for runtime debugging
but is effective and works even if the executable has no debugging support. It is
therefore highly recommended to store the log file of adeliverable image.

Identifying missing methods or classes

Errorslike DNU (does not understand) can sometimes be traced to missing methods. A
common reason for amethod not being included isthat it is under a development-only
category.

Errorsthat are due to missing classes are more difficult to trace. If there isany doubt, a
quick look at the log file revealsif all required classes are included.
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Identifying superfluous methods and classes

Thelog file lists the classes in the target image, along with the space taken. When
optimizing an image, it is useful to take alook at the included classes and methods. The

code can often be rearranged to eliminate dead spots.

Image Corruption

There are two sources of image corruption:

¢ Pointer mismatches or memory overruns when calling APIs (such as buffer
overrunsinsscanf).

¢ Operating system failures (system lockup or power failure) that may result in lost
clusters. In most cases, these failures affect the memory-mapped source file.
Typically, loading a corrupted file displays a message saying that the source file
contains an unknown object.

In both cases, you may face a situation where the backup files are corrupted as well. By
following the simple guidelines outlined below, you may save yourself some frustration
down theline:

¢ Back up your image (STI MAGE. EXE and SOURCES. BI N) on aregular basis.
¢ Saveyour image before testing new code that involves API calls.

¢ Do not save an image that isin adubious state, or at the very least first make a
backup.

Source Fle is corrupt
If the image does not start because the source file is corrupted, restore the previous
version (using the /restore option when launching STMI. EXE) and file-in the changes.
The cause of this problemis usually a shutdown problem on NT (a power failure or
reset).

Error in start-up code

If the image does not start because you modified start-up code such asawi nMai n
method, create afile with code that corrects the problem and start STI MAGE. EXE with
that file as argument. The code will be compiled by the method wi nrmai n in
DevelopmentEnvironment.
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Unrecoverable exception or process lock-up while saving image

Saving the image involves two phases; the first serializes a copy of the executable,
while the second saves the source file. The Transcript window shows the current
operation in its status window.

Image crashes while the executable is saved
There are two common causes.

¢ A pointer corruption. The safest isto discard the binary and start all over with a
backed-up version. Pointer corruptions may occur when using address manipulation
routines (forcing an address with basi cAddr ess, writing at memory €etc.).

¢ Thedatasection has insufficient space. A possible causeisthat you alocated an
inordinate amount of memory that is still referenced by aglobal. If thiswas
intended, you must go into the Virtual Memory Settings page of the Image
Properties and increase the size of the data section.

Image crashes while the source file is saved

Y our source file has been corrupted. Try to restore your image from a backup by filing
in changes you made. If this does not help, open the Image Properties sheet, click on
the Optimization tab, check Recompile All Methods when compressing, and compress
your image.

If the image still crashes, you have a corruption in the source code itself, probably due
to apointer corruption. Try to isolate it as outlined below:

¢ Check the recompile all methods option in the Optimizations tab of the Image
Properties and recompile the image.

¢ Run animage comparison (in the Tools menu of the Transcript window) with a
source file known to be intact. Y ou can then overwrite the corrupt source and save
the image with the compress option.



ciapTER2 T hel nterface B uilder

The Graphical User Interface Builder allows you to visually design the user interface
elements of an application. It lets you wire events to Smalltalk methods and is fully
integrated with ActiveX technology.

This chapter describes how to use the Interface Builder. It also discusses code
generation and presents a builder-centric view on GUI development.

Thetutorial section presents a generic Windows application, a sample that uses a
toolbar, and a sample that demonstrates various controls used in adialog box.

The last part contains technical notes on problems that you may encounter while using
the Interface Builder.
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Features Overview
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Application Windows In addition to regular child controls, it supports splitter
windows and status bars.
Dialog Boxes Dialog Boxes can be saved under any of the formats:

+ Initialization method with dynamic in-memory
construction.

¢ Resource template that can be included into an
application's resource library.

+ Dialog Boxes, aswell as regular Application Windows,
can host common controls, OLE components, and custom
Smalltalk child windows. All dialog contents are fully
compatible with the resource format used by Win32
resource compilers.

Automatic Reframing All top-level windows (FrameWindow and DialogBox
instances) support re-framing (scaling and translation) of
child windows. The GUI Builder lets you easily assign
framing parameters. The reframing data can be saved in
resource format for dialog boxes.
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ActiveX Components

Extended Import Capabilities

Event Authoring

No Overhead

Extended Class Hierarchy

Using ActiveX componentsis largely transparent for the
developer. Events are normally routed through the stock event
handling system. Y ou can also edit the ambient OLE
properties of the container.

The GUI Builder acts as atest container from which you can
invoke methods and set properties. It istherefore easy to
explore the capabilities of an ActiveX control, and it is
possible to modify the properties of a control and save its
state to persistent storage.

The GUI Builder is able to import window layout, menu and
event handler data from the following formats:

¢+ A regular FrameWindow (which does not need to have
been generated using the GUI Builder).

¢+ A dialog resource.

Connect event sources to event handlers. The GUI Builder
automatically generates the event map initialization method.

Applications you generate using the GUI Builder do not carry
any overhead and are as efficient as manually coded
windows.

The window hierarchy includes subclasses of FramewWindow
and DialogBox that implement lightweight ActiveX
containers.

CustomContral letsyou create an arbitrary Smalltalk-
implemented window from a resource template.

87



Chapter 2 The Interface Builder

88

Visual Editing

Functional Overview
The interface builder lets you design the visual components of an application. This
€NCoMpasses:
¢ Top-level windows
¢ Diaog boxes

¢ Menus

In addition, you can edit the event handler map and connect handlers to events.

Application Windows

An application window is a FrameWindow other than adialog box. An application
window is normally the top-level window of an application and can have one or more
child windows. The child windows are constructed at runtime in the method

i ni t Wndow.

Note that many of the topics discussed here apply also to dialog boxes.

Creating an application window

To create an application window, click on File|New, select Application Window, and
click on Ok. This creates an empty window. Y ou can set properties of the window such
as the class name, title and styles.
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Editing an existing window

There are two ways to edit the user interface of a FrameWindow subclass:

¢ Intheclass hierarchy browser, left-click on the class and select the menu item Edit
GUI.

¢ Fromthe GUI builder, click on File|Open and select the classto open.

If the window has a menu, you can edit the menu by first opening the window in the
Interface Builder or by clicking on Edit Menu... in the popup menu of the Class
Hierarchy Browser.

Note If the window is resizable, the GUI builder will resize it so that it fits within the window.

Using Menus
Y ou can associate a menu with an application window. The menu will be saved together
with the window, either as an inline template in amethod or as aresource file.

Toinsert amenu, click on Insert|Menu or check the Menu present checkbox in the
window properties of the frame. Y ou can edit the menu by double clicking on it or
clicking on Edit|Menu; which opens a menu editor where you can add, remove or
modify menu items and sub-menus.

For more information, see also Menus on page 89.

Saving awindow

Saving an application window generates methods in the window that reconstruct the
user interface elements and define the event map. Optionally, if the window has a menu,
the menu declaration may be saved as a separate resource file. The resource file can
then be compiled using an external resource compiler.

Dialog Boxes

The main differences between adialog box and aregular top-level window are;
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+ Diaog boxes aways use atemplate that defines attributes, the layout and positions
of child windows.

¢ Dialog boxes use the Win32 dialog procedure that provides dial og-specific
behavior (handling of navigation keys etc.). For this reason, the Smalltalk
implementation of adialog differs from aregular top-level window.

Creating a dialog box

Click on File]New and choose Dialog Box to create an empty dialog. In the properties
sheet, enter the name you wish to give to the dialog box subclass, and let it inherit from
OleDialogBox if you intend to use OLE (ActiveX) features, otherwise choose
DialogBox for aregular dialog box, or PropertyPageif you intend to create a property

page.
The Styles tab in the property sheet lets you define a custom font for the dialog.

Editing an existing dialog

If the dialog responds to openOn: , you can edit it by right-clicking on the classin the
Class Hierarchy Browser, and selecting Edit GUI. Alternatively, you can open the
resource by specifying the name of the resource DLL and the resource identifier.

Example:

To edit the symbol (pool) editor:

1. Click on File|Open

2. Intheclass selection diaog, select StSymbolEditor and click on Ok

3. Inthedialog that pops up, enter the STDEV. DLL for the DLL name, and
| DD_SYMBOLEDI TOR asresource identifier.

Saving a dialog

The default File]Save menu saves the dialog as an in-memory template. File|Save As
gives more options, such as saving the resources as an external resource script.
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Menus

Menus can be created separately or together with aframe window or dialog box. A
Menu consists of a hierarchy of items. At the root of the hierarchy isthe menu bar. A
menu bar has popup menus, and each popup menu has menu items.

A menu item can carry out acommand. Separators are used for visually separating two
groups of menu items and have no other function. Popup menu items open a child
popup menu when the user clicks on the item.

Menu styles

The figures below demonstrate menu styles. The bar and column break styles display
amenu item and all following items on a new column, respectively with and without a
vertical bar. The radio check item style displays aradio checkmark next to the item
when it isin the checked state. Otherwise, an item with the check state displays a check
mark. A menu can have one default item, which is displayed in bold.

Figure2-1 Popup Menuswith Bar Break
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Working with Menus

Creating a menu

Click on File]New and choose Menu to open an empty menu bar. Y ou can how add
popup menus to the menu bar.

Inserting a Popup item

To add new popup items, click on Insert|Popup. The new popup isinserted before the
currently focused item. Y ou can then click on Edit|Properties or double-click the item
in order to open a property sheet that lets you set attributes of the item.

Inserting a Menu item

Click on Insert|Itemto insert a new menu item, or Insert|Separator to insert a separator
line.

Moving items
Y ou can drag items, separators and popup items with the mouse. An arrow indicates the

target insertion point. Y ou can also right-click to open a popup menu that lets you move
the item via menu commands.

Saving a menu
Y ou can save amenu in two formats:
¢ Asanin-memory template in an application window method.
¢ Asan externa resourcefile.

Since in-memory templates are much easier to edit, it is convenient to save the menu as
amethod during development, and replace it with its resource counterpart when the
application is ready to ship.

Edit operations on menus

Y ou can use the Edit commands Cut, Copy, Paste and Delete on menu items.
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Identifiers

Identifier naming conventions

Theinterface builder uses the following conventions when using identifiers:
¢ Thel DC_ prefix denotes controls.
¢ Thel D_ prefix denotes commands (e.g., menu ids).

¢ Thel DH_ prefix denotes help identifiers.

The interface builder uses these conventions to reverse-engineer an existing window.
The builder may fail to recognize a symbolic name if the conventions are not observed,
meaning that a numeric value is displayed instead of the identifier name.

Using Pool Dictionaries

In some cases, it is desirable to define your own identifiers. Each top-level window has
an associated primary pool dictionary that receives new constants.

¢ Enter the name of the primary pool into the frame window properties. |f the pool
aready exists, you can aso select it in the combobox contents.

¢ Enter new constants into the identifier field of interface items (controls, menu
items).
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Working with Child Controls

Overview

The interface builder offers avariety of methods that let you arrange child windows,
test mnemonics, define framing parameters and edit tab ordering. In addition, grid lines
and automatic alignment lets you easily place controls onto a dialog box.

Selecting Controls

To apply an operation to one or more controls, select the controls while holding down
the shift key and finish with the target. The target control defines the control placement
or attributes onto which the other selections are aligned. A selected target control
displays plain handles.

» How to select a control

J@ Click on the control.
The TAB key cycles between the controls placed on the parent window.

Y ou can aso use the control selection dialog for selections. Thisis particularly useful
for controls that are outside the client area of the parent, or hidden by another control.

To select al controls at once, click on Edit|Select All.
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Inserting Controls

In the control palette, click on the control symbol to insert. A tool tip appears while the
mouse stays over a symbol. In the frame window being edited, click on the position
where the control should be placed.

The options Options|Show grid and Options|Use grid lines respectively display agrid
and align controls onto a grid boundary. Y ou can modify the grid settings by clicking
on Options|Guide Settings or temporarily disable it by pressing the Alt key.

Dropping a control near amargin automatically aligns it on the margin. The control
remains pegged to the margin when the edited frame window is resized.

Duplicating and deleting Controls

Click on Edit|Copy to copy a selected control, on Edit|Delete or Edit|Cut to delete it.

Control Placement

Most alignment options work on a collection of selected controls.

» Moving controls

Select one or more controls to move.

% Hold down the left mouse button until the cursor changes to a move cursor, then move the
mouse and release the button when the control is at the desired position.

Press the position keys € > M \ to move the selected control.

Y ou can move several selected controls at once by dragging any one of the controls. If
the grid alignment option is on, the controls will be individually aigned on grid
boundaries or margins.
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To move aset of aready selected controls, hold down the SHIFT key while clicking on

any of the controls, then drag the set of controls with the mouse.

» Resizing a Control

/B

Select the control to resize and place the mouse cursor over one of the sizing handles. The
cursor will change to an arrow. Resize the control by holding down the left mouse button and
dragging the mouse.

Select the control to resize. Press the position keys € = A \ while holding down the SHIFT
key to resize the selected control

Resizing a combo box

A combo box combines an edit control and alist box. A simple combo box can be
resized like aregular control. Click on the down arrow icon to display or hide the frame
that includes the list part of a drop-down combo box.

A drop-down combo box displays the list box only on demand, when the user clickson
the arrow icon next to the edit field. The height of a drop-down combo box is the
combined height of the edit control and the list box. Y ou cannot set the height of the
edit control separately because the item height depends on the font used by the combo
box at runtime. If you need to specify aheight at runtime, for example because the
combo box isused in atoolbar, you must set the font of the control to an appropriate
value.

» Aligning Controls
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The alignment options Left, Right, Top, Bottom align secondary selections on the target
selection.

Figure 2-3 Left Alignment
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» Centering Controls

To center one or more controls, select the target window (a control or the parent
window), select the controlsto center, and click on Vert Center to center vertically or
Horz Center to center horizontally. To center in the parent, select the parent window.

Figure 2-4 Vertical Centering

» Even Spacing

This option distributes the selected controls evenly in one direction, either vertically or
horizontally.

Figure 2-5 Even Spacing
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» Push Button Alignment

Push buttons can be automatically centered at the bottom of the frame or aligned on the
right top. The alignment parameters can be adjusted in the Settings dialog under
Optiong|Guide Settings.

Select the push buttons to align and click on Layout|Push Buttons|Right or Layout|Push
Buttons|Bottom.
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Figure 2-6 Push Button Alignment (Right)
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» Resizing Controls

Controls can be made of the same size (horizontal, vertical, or both) by selecting the
controls, the last selection being the target control to adjust with.

Layout|Sze to Content fits the size of a selected control for the caption text of the
control. Thisfeature is automatically selected when you edit the contents of a static text
field.

Control Properties

Y ou display control properties by double-clicking on the control border or selecting
Edit|Properties.

The property dialog displays several pages with control properties. When you modify
the control's properties, most changes such as window styles are reflected immediately.
Some properties, like listbox data entries, are only applied when you close the property
sheet. In this case, closing the window or hitting the Enter key validates the changes,
while pressing Esc closes the dialog without applying any unprocessed changes.

See aso Controls on page 118.

Framing Parameters

The GUI builder lets you assign automatic reframing propertiesto individual child
controls. Both regular windows and dialog boxes (including resource templates) support
framing parameters for child controls. Beware that a child control must have a unique

98



Working with Child Controls

identifier in order to beresizable; i.e., the default static identifier (- 1 or | DC_STATI C)
will not work.

Resizing a control may also reset the framing parameters.

Tab Ordering

By default, Windows cycles the controlsin adialog in the order in which they have
been created. The Tab Ordering option displays the current order of the controls. To
modify the order, click successively on each control in the order in which you want
them to appear on the dialog.

TheWs_GROUP and W5 TABSTOP styles modify the default behavior. W5 GROUP
marks the beginning of agroup; all consecutive controls that do not have this style are
part of the same group. Pressing a direction key navigates between the controlsin the
group. The user must use the Tab key in order to exit the group.

When the user presses the Tab key, the focus moves from one tab stop to another. A tab
stop isacontrol that hasthe W5_ TABSTORP style bit set. Y ou must set the Tab Stop
style on each control you want to be accessible through the tab key.

In summary, you define the order of the controls using the Tab Order editor and place
tab stop and group styles accordingly. The figure below shows atypical layout. The
first radio button and the upper check button both have the W5_ GROUP and

W5 _TABSTCP styles.

Figure 2-7 Tab Ordering Example
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Mnemonics

100

Mnemonics provide a quick way of moving to a given control by using the keyboard. A
mnemonic is an underlined letter in the control text or in the static text field
immediately preceding the control. When the user presses the corresponding key on the
keyboard, the input focus movesto the control.

Y ou can use Layout| Test mnemonics to test awindow for duplicate mnemonics. If
severa controls have the same mnemonic, a dialog pops up that lets you select the
controls with duplicate mnemonics.

When Windows encounters a duplicate mnemonic, the focus cycles between the
controls that have the same mnemonic. It is therefore acceptable to allow duplicate
mnemonicsin adiaog.
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Using Resource Scripts

The interface builder can generate resource files and the appropriate directory structure.
Y ou can choose the interface elements you wish to have in the application and the
interface builder automatically creates the corresponding resource items.

Once you have created the resource folder, you can generate the resource DLL with the
nmake utility (it comeswith C compilers such as M SV C; change to a console window
and type nmake). The resource DLL isfully functional and provides a good starting
point for customizations.

Why use Resources?

It is not necessary to use resources in the early phases of development while the
application is being tested in the devel opment image. Resource generation isrelatively
cumbersome because it involves an external resource compiler and linker.

Once the basic application skeleton has been set up, you can use the Interface Builder
once to generate the resource structure, including application icons and bitmaps. Y ou
can then compile the resources once and copy the resulting DLL to your path. This
allows the application to load bitmaps and icons from the resource DLL.

Itisonly inthe fina stage that in-memory templates for menus and dial ogs should be
exported as resource scripts. Although thereis no obligation to do so, it isgood practice
to separate the resources from the actual code.

Standard Resources

The interface builder can generate the following resources:
¢ Anapplicationicon

¢ A toolbar bitmap

¢+ An About box
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A message file for error and informational messages

Prompter templates

A Tooltip string table for common commands (File, Edit, Help)
An accelerator table

* & & o o

A version resource

Application icon

The builder creates adefault icon for your project. The identifier of theicon is
| DI _APP, which is the default application icon used by the framework. Thereis
nothing else to do in order to display an application icon.

Toolbar bitmap

The edit toolbar bitmap contains symbols for common edit operations. The identifier of
the bitmap is| DB_EDI TTOOLBAR.

About box

The builder generates an about box for your application. If you wish to define a default
template for your applications (using, for example, the name and address of your
company), you can edit the template file ABOUT BOX. RC. Thisfileislocated in the
SOURCE\ TEMPLATE subdirectory of your Smalltalk root folder.

Please refer to the online documentation for more information.

Message file

The message file contains error messages used by the Smalltalk M T runtime. The
message sources are in the SUPPORT\MESSAGES folder.

Prompter templates

If your application uses prompters (Prompter, ListPrompter, CheckListPrompter,
MultiListPrompter), you must include the corresponding dialog templates. Otherwise,
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aruntime error occurs when the prompter object triesto load its resource from the
executable image.

Note Since the prompters always load their tenplate from the executable’s resource section, the templates are only
required in the final executable. During development, the prompters load the templates from the development image.

Tooltip string table
The string table defines strings for status text and tool tips. The framework
automatically displays the text.
See a so page 289 for more information on how to use tool tips.

Accelerator table

The accelerator table adds entries for demonstration purposes. Y ou can edit the source
and enter your own accel erators.

Version resource

A version resource contains version information about an executable image (EXE or
DLL). Many system management tools use version resources to read the version of a
file, and it is therefore highly recommended to include such a version resource.

How to generate Resources

To generate aresource script, proceed as follows:
1. IntheInterface Builder, click on File]New, select Resource Script and validate.

2. Enter thelocation and name of the directory where you wish to store the resources.
The name of the folder also becomes the name of the DLL.

Select the resources you wish to include from the list.
4. Click on Ok and run nmake to compilethe DLL.
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Note Most cormpilers require a DOS-compatible name for the resource file. In this case, the project name must be in DOS
format.

How to customize Resource Templates

The SOURCE\ TEMPLATES folder contains templates from which project-specific
resources are derived. Y ou can customize the templates (for example, changing the
company information or localizing strings).

How to export Resources

Y ou can export dialogs and menus authored with the Interface Builder as resource
scripts (RC files). Each item is written to a separate resource script that you can include
by adding the following line to the main script:

RCI NCLUDE resource_script.rc
where resource_script is the name of the script of an interface item (dialog or menu).

Once the resource has been exported, you can remove the Smalltalk methods that create
the in-memory templates:

¢ i nitMenu for the application menu

¢ initTenpl at e for adialog template

Example

This example gives step-by-step instructions on how to build a simple application that
displays aresizeable dialog box and a menu.
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To generate a Resource Script

1. Click on File]New and Resource Script.

2. Inthefolder prompter, enter the name of atarget directory (e.g., TestWindow).
The name of the folder should be the same as the final executable name.

3. Select itemsfrom the list prompter:
»  About box
= Applicationicon
» Messagefile
» Tooltip string table
* Versionresource

4. Click on Ok to generate the directory structure and resource files.

To create a dialog

1. Click on File]New and Dialog Box.
Edit the dialog box Resour ceSampleBox by adding a couple of controls.

Define some framing parameters to demonstrate framing resources. In the frame
properties, make sure the size box is checked to give the dialog a sizing border.

4. Intheframe properties, enter TESTW NDOW DLL asresource library.
Click on File|Save As and choose Dialog and Resource template.

In the Save File dialog box, save the resource as DI ALOG. RCin the Res
subdirectory of the TESTW NDOWfolder.

To create a window and its menu

To create the window
1. Click on File|New and Application window.
2. Edit the frame properties
»  Set the name of the class to TestWindow.
= Enter TESTW NDOW DLL asresource DLL.
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To edit the menu

1
2.
3.

= Click on the Window tab, then check Window menu to give the window an
empty menu.

Double-click the menu or click on Edit|Menu to open the menu editor.
Add the standard File menu (under Insert|Standard Popup|File).

Enter a popup named Test and add an item Dialog test... with the identifier
| D_TESTDI ALOG When prompted about a pool dictionary, enter
Test Const ant s. Thiswill be the primary pool dictionary of our main window.

Note You can also directly edit the menu by clicking on File|New and Menu. The menu can be saved as a resource termplate
or as an in-memory window menu; in this case you must also provide the name of a Frame\Window subclass that

contains the menu.
To save the window and menu

1. Closethe menu window.

2. Click on File|Save As and choose Frame window and menu template. This option
saves the frame window in the Smalltalk image and the menu as an external
resource script.

3. IntheFile Save diaog, save the menu as MENU. RC in the Res subdirectory.

Note Inall cases, the menuis also saved as ani ni t Menu method in the frame window.

To compile the resources

Include the generated scripts into the main script
1. Load TESTW NDOW RC into atext editor.

2. Addthefollowing lines:
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Include pool constants

In our example, we use a custom pool dictionary that must also be used when compiling
the resource script.

1. Open the Pool Editor on the pool TestConstants.

2. Click on File]Save As and save the pool as an include (.H) file under the name
TESTCONSTANTS. H.

Compile the resource DLL

Run nmake and copy the resulting DLL into the path of the Smalltalk development
environment.

Adding events
To finalize the sample, we need to add an event handler that opens the dialog box when
the user clicks on Dialog test... .

1. Edit the main window TestWindow by right-clicking on the class in the Class
Hierarchy Browser, then clicking on Edit GUI in the popup menu.

2. Bring up the frame properties and click on the Events tab.
Click on <Menu> to list the events sent by the menu.
4. Linktheevent| D_TESTDI ALOGto the handler onTest di al og.

Implement the handler onTest di al og as below:

onTestdi al og
Resour ceSanpl eBox new openOn: sel f.
ANULL

Y ou can now test the window and its dialog.

Creating the project

1. Open the Project Browser and add the classes and pool dictionary created so far.

2. Add TestWindow and Resour ceSampleBox. Make sure that the definition box is
checked to include the class structure declaration.

3. Add the pool dictionary TestConstants.
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4. Savethe project under the name TESTW NDOW SP in the TESTW NDOWfolder.

Generating the executable

In order to build an executable, you just have to create a startup method W NIVAI N. SM
The methodw nMai n: wi t h: wi t h: wi t h: must register window classes, create the
main window and start the message loop.

The winmain method for our sample looks like:

I Appl i cati onProcess * net hods!
wi nMai n: hModul e with: hPrevlinstance with: cndLi neArgs with: nChmdShow

Public - Calls initialization function.

' Regi ster Wndows "
W ndow regi sterd ass.

" Create application and run nessage |oop "

W nApplication new run: [Test W ndow new open]
[

Thisis aso agood time to remove the method i ni t Menu in TestWindow and add the
following method:

wi ndowiMenu
~| DM_APP

The method wi ndowiVenu is called by the default implementation of i ni t Menu in
FrameWindow. It answers the identifier of a menu resource in the receiver’s module.

Generated resource scripts
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In this paragraph, we will examine the resource scripts that have been generated, and
how you can customize the scripts.
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Menu script

/1 ST/ MI generated resource script
#i ncl ude "w ndows. h"

#i ncl ude "comcttrl. h"

#i nclude "rcst.h"

#i ncl ude "Test Constants. h"

R NN RNy
/1

/1 Menu
/1
| DM_APP MENUEX DI SCARDABLE
BEG N
POPUP" &Fi | e"
BEG N
MENUI TEM "E&xi t", ID_APP_EXIT
END
POPUP" &Test "
BEG N
MENUI TEM "Di al og test...", | D_TESTDI ALOG
MENUI TEM " ", -1, MFT_SEPARATOR,
MFS_DI SABLED
MENUI TEM " &About ", | D_APP_ABOUT
END
END

Thefirst part defines the include files used by the script. In particular, it references the
include file TESTCONSTANTS. H, which must define the identifiers used in the menu.

The menu is saved with a default identifier | DM_APP. If there is more than one menu,
you assign a different identifier to each menu.
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Dialog script
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/1 ST/ MI generated resource script
#i ncl ude "w ndows. h"

#i ncl ude "comttrl. h"

#include "rcst. h"

LEETEEEEET i i r i i i b b i rrng

| DD_DI ALOGL DI ALOGEX 0, 0, 135, 75
STYLE WS_POPUP| W5_CAPTI ON| W5_SYSMENU| W5_THI CKFRAME| DS_MODAL FRAME| DS_SETFONT
CAPTI ON "Resource Sanpl e"
FONT 8, "Ms Shell Dig"
BEG N
LI STBOX IDC_LI ST1, 5,5,75,42,
W5_VSCROLL| W5_TABSTCP| LBS_NO NTEGRALHEI GHT| LBS_SORT
AUTORADI OBUTTON " Radi 01", | DC_RADI O1, 89, 13, 39, 11, NOT (W5_TABSTOP)
AUTORADI OBUTTON " Radi 02", | DC_RADI 2, 89, 31, 40, 10, NOT (W5_TABSTOP)

GROUPBOX "Static",| DC_STATICl, 83,0, 48, 48,
DEFPUSHBUTTON " Ck", | DOK, 12,56, 50, 14,
PUSHBUTTON "Cancel ", | DCANCEL, 72,56, 50, 14,
END
FEELEEELET i i i r bbby
/1
/'l Refram ng Data
/1

| DD_DI ALOGL RCDATA

BEG N
I DC_LI ST1, 0,0, 1000, 1000, 5, 5, - 55, - 27,
I DOK, 0, 1000, 0, 1000, 12, -19, 50, 14,
I DCANCEL, 0, 1000, 0, 1000, 72, -19, 50, 14,
| DC_RADI O1, 1000, 0, 1000, 0, - 46, 13, 39, 11,
| DC_RADI @2, 1000, 0, 1000, 0, - 46, 31, 40, 10,
| DC_STATI C1, 1000, 0, 1000, 0, -52, 0, 48, 48,
0

END

As before, the first part defines the include files used by the script. After the header
comes the template for the dialog. The identifier of the dialog resource is the same as
the one declared in the frame properties, in the Interface Builder.

The framing parameters are stored in araw data resource (RCDATA). Each line
consists of acontrol identifier, followed by the scaling factors and an offset matrix in
dialog units:

control _id, sl1, s2, s3, s4, offset_x, offset_y, cx, cy
The offset of ascaled corner (where sl == s2 or s3 == 4) is defined in terms of the
control’ s extent, which makes it easier to read the parameters.
For example,

| DCANCEL, 0, 1000, 0, 1000, 72, - 19, 50, 14,
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specifies that the Cancel button is pegged to the bottom corner of the dialog. The
reference point is (0, y), wherey is the bottom of the dialog’s client area (= 1000 *
dialog height // 1000), to which we add (72, -19) to obtain the upper left corner. The
two following words specify the control extent as (50, 14).

In the creation method, DialogBox attempts to locate and load an RCDATA resource
that has the same identifier as the dialog box.
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Window Reference

Code Generation

The GUI builder generates the code required to bring up the frame window or dialog
with the properties, attributes and events authored in the GUI builder. The following
paragraphs examine some commonly generated methods.

Class methods

initialize

X Runtime Initializes the class event handlers and is overwritten each time the
. frame window is saved.
v Generated if absent

v Overwritten

ifTemplateName

X Runtime The GUI builder generates this method to return the symbolic
. resource name of the dialog. The method is only used by the
v Generated if absent interface builder to reload a dial og that has been saved to a resource
v Overwritten file. If you remove it, the interface builder prompts for the resource
identifier.

Instance methods

initWindow
v Runtime Thei ni t W ndow method must call i ni t Chi | dW ndows if such a
v  Generated if absent method exists. The GUI builder does not overwrite an existing

method.

X Overwritten
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initChildWindows

v Runtime
v Generated if absent

v Overwritten

initTemplate (dialogs only)

v  Runtime
v Generated if absent

v Overwritten

openOn: (dialogs only)

?  Runtime
v Generated if absent

v Overwritten

initPosition

(frame windows only)

v  Runtime
v Generated if absent

v Overwritten

windowTitle

(frame windows only)

v  Runtime
v Generated if absent

v Overwritten

This method attaches child controls to Smalltalk objects and
performs other child initializations such as setting list data and
creating headers and columns. The GUI builder overwrites this
method.

This method creates the in-memory template for a dialog box. The
GUI builder overwrites this method. It can be removed if the dialog
has been saved to an external template and is subsequently loaded
from aresource module.

This method initializes the template by calling i ni t Tenpl at e and
creates amodal dialog box. The GUI builder does not overwrite an
existing method.

This method returns the extent of the window. The GUI builder
overwrites this method to return the window extent. Note that
FrameWindow also accepts a rectangle that defines the window
coordinates.

This method returns the title of the window. The GUI builder
overwrites this method.
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windowStyle and

windowExStyle These methods return window styles. The GUI builder overwrites
(frame windows only) the methods.

v  Runtime

v Generated if absent

v Overwritten

initMenu

(frame windows only) This method creates and initializes a menu. The GUI builder
. overwrites the method.

v Runtime

v Generated if absent

v Overwritten

Frame Windows

Y ou bring up the property sheet of aframe window by double clicking on the window’s
caption or by clicking on Edit|Properties while the window is selected. The sheet

contains tabs for general window properties, window styles, OLE ambient properties
and events.
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Application properties

Figure 2-8

Application Properties
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This page lets you specify the items in the table below.

Table 2-1 Application Properties

Item Description

Smalltalk class The Smalltalk class name of the window. If the class does not exist,
itis created.

Superclass The superclass of the window. The class must exist, and it is
typically OleFrameWindow or FrameWindow for application
windows, OleDialogBox or DialogBox for dialog boxes.

Primary Pool The primary pool of the class. New constants are added to this pool.

Resources Optional resource properties that specify the name of aresource

DLL and aresource identifier. For dialog boxes, it is the name of the
dialog box resource in that library. For regular top-level windows, it
is the name of the menu resource.
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Window properties
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Figure 2-9 Frame Window Properties
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The window page lets you edit visual properties of the window.

Table 2-2 Window Properties
Item Description
Title The caption (title) of the window. The Caption option must be

Caption

Minimize button

Maximize button

System menu

Vertical scroll
Horizontal scroll

Window menu

checked as well.
Creates atitle bar for the dialog box.

Creates a minimize box for the dialog box. The Caption option must
be checked as well.

Creates a maximize box for the dialog box. The Caption option must
be checked as well.

Creates a system menu for the dialog box. The Caption option must
be checked as well.

Creates avertical scroll bar.
Creates a horizontal scroll bar.

Whether amenu is present. You can also add and remove a menu
from the Insert menu.
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Table2-3 Window Frame Styles

Item Description

Border Creates athin border.

Dialog Creates a dialog-box border.

Modal Creates a modal dialog-box border.

Sizing (thick) Creates athick border that can be used to resize the window.

Visible Determines whether the window isinitialy visible.

Disabled Determines whether the window isinitially disabled.

Clip siblings Clips child windows relative to each other; that is, when a particular
child window is repainted, this style clips al other top-level child
windows out of the region of the child window to be updated. Clip
siblingsisfor use with child windows only.

Clip children Excludes the area occupied by child windows when drawing within
the parent window. Do not use this style if the parent contains a
group box.

Maximize The window isinitially maximized.

Minimize The window isinitially minimized (iconic).

Table2-4 Win32 Class Properties

Item Description

Class name Name of aregistered window class (a Windows operating system
window class, not to be confused with a Smalltalk class).

Brush Identifier of abrush, as used by the window class registration
method.

Icon resource Identifier of an icon, as used by the window class registration

Extended window styles

method.

This page lets you set extended window styles.
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Figure 2-10 Extended Frame Window Styles
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Table2-5 Extended Frame Window Styles
[tem Description
Tool window Creates atool window. A tool window has atitle bar that is shorter
than anormal title bar, and the window title is drawn using a smaller
font. It is often intended to be used as a floating toolbar.
A tool window does not appear in the taskbar or in the dialog that
appears when the user presses ALT+TAB.
Client edge Creates a border with a sunken edge.
Static edge Creates a static border.
Transparent Makes the window transparent. Windows beneath this window are
not obscured by the window.
Accept files A window with this style accepts drag-drop files viathe

Control parent

Context help

No parent notify

WM _DROPFI LES message.

Allows the user to navigate among the child windows of adialog by
using the TAB key.

Includes a question mark in thetitle bar of the window. When the
user clicks the question mark, the cursor changes to a question mark
with a pointer. If the user then clicks a child window, the child
receivesaWM_HELP message.

The child window does not send the WM _PARENTNOTI FY
message to its parent window. The framework generates events for
the following natifications:

WV CREATE, \WM DESTROY, AWM LBUTTONDOWN,
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Right-to-left reading
order

Right aligned text
L eft scrollbar
Force taskbar

Topmost

Window edge

Client edge
Static edge

WM_MBUTTONDOWN, WM RBUTTONDOWN

The dialog box text is displayed in right-to-left reading order for
languages such as Hebrew or Arabic.

Specifies that text is right-aligned within a dialog box.

If present, avertical scroll bar isto the left of the client area.
Forces a top-level window onto the taskbar when the window
iS minimized.

A window created with this style should be placed above all

non-topmost windows and should stay above them, even
when the window is deactivated.

Creates a border with a raised edge.
Creates a border with a sunken edge.

Creates a three-dimensional border style intended to be used
for items that do not accept user input.

Extended control styles are also discussed in Extended Styles on page 120.

OLE ambient values

Events

This page lets you set ambient OLE properties. It is only available for OLE enabled
windows other than dialogs.

The event page lists interface objects, events generated by those abjects, and methods
that handle those events. It lets you also define event handlers.

The left-hand list displays event sources of the current frame window. Clicking on a
child control identifier or menu displays the available events in the right pane. The
bottom pane displays the static event handlers that are currently defined.

See also Events on page 207 for more information.
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Figure2-11 Event Properties

=Sy ultal s RAY P Ewd @ - [lebe e B i = -

BEl Cis Edt Fass bower Gmices Sivdre || EUEETTUIETRINPIIeN

-------- ;.,ucrl‘—f-wlwnc a.ru.u.,.,,l,lmn|
-\

S

Fvent handlers

Evcnt description

Dialog Boxes

Dialog Box properties are similar to FrameWindow properties. The following
paragraphs list only the additional fields.

Application properties

Table 2-6 Application Properties

Item Description

Resource identifier The name or identifier of the dialog resource in the module.

Dialog styles

The Styles page displays properties depicted below. For other properties, refer to frame
window properties.
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Table2-7 Dialog Styles

Item Description

Font The font that will be used in al the controlsin the dialog box. Click
on the Font button to change the font.

Popup Creates a pop-up window.

Child Creates a child window.

System modal Creates a system-modal dialog box, causing the dialog to have
the W6 EX_TOPMOST style. The style has no effect on the
dialog box or the behavior of other windows in the system when
the dialog box is displayed.

No fail create Creates the dialog box even if errors occur.

No idle messages Suppresses WWM_ENTERI DLE messages.

Set Foreground Brings the dialog box to the foreground when it is created.

Center Centers the dialog box in the desktop.

Center mouse Centers the mouse cursor in the dialog box.

Control Creates a dialog box that works well as a child window of
another dialog box, much like a page in a property sheet. This
style allows the user to tab among the control windows of a
child dialog box, use its accelerator keys, and so on.

Controls

A Control isachild window - generally a system-defined window - which you place
onto the client area of the frame window. The properties of a control can be viewed and
edited by double-clicking on the control or selecting it and choosing Edit|Properties.
All controls have the following properties:

»  General Properties define the child identifier, the caption and general window
styles such as the visibility, whether the control is disabled, the group and tab stop

styles.

= A Styles page with control-specific styles.

» An Extended Styles page with extended (W5_EX_XXX) styles. These styles
include 3D appearance styles (beware that Windows dial ogs set some of those
styles automatically).
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= A Smalltalk pagethat lets you attach a control to a Smalltalk object. Diaogs do not
normally create a Smalltalk object for each control; this page lets you override the
default behavior and specify a Smalltalk control class that the dialog creates and
attaches to the control handle.

The following paragraphs discuss some notable controls. Other controls display the
general properties and behavior.

General Properties

Figure 2-12 General Control Styles
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Table 2-8 General Control Properties
Item Description
ID Theidentifier of the control. This can be an existing constant from a

pool dictionary defined in the class, or a new constant that will be
added to the window's primary pool dictionary.

Caption Thelabel of the controal (if applicable). To make one of the lettersin
the caption of a control the mnemonic key, precede it with an
ampersand (&).

Visible Determines whether the control isinitially visible.
Disabled Determines whether the control isinitially disabled.
Group A Group isaset of controlsin which the user can move from one

control to the next by using the arrow keys. All subsequent controls
(as defined in the tab order) that do not have the Group style belong
to the same group. The next control in the tab order with the Group
style starts the next group.

Tabstop The Tabstop style lets the user move to the control with the TAB key.
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Help ID

Extended Styles

Assignsahelp ID to the control.

Figure 2-13 Extended Control Styles
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Table 2-9 Extended Control Styles
Item Description
Client edge Creates a border with a sunken edge.
Static edge Creates a border with a static edge.
Modal frame Creates a 3D frame.
Transparent Makes the window transparent. Windows beneath this window are
not obscured by the window.
Accept files A window with this style accepts drag-drop files viathe

No parent notify

Right-to-left reading
order

Smalltalk Property Page

VWM _DROPFI LES message.

The child window does not send the WM_PARENTNOTI FY
message to its parent window. The framework generates events for
the following notifications:

WM _CREATE, WM DESTROY, WM _LBUTTONDOW,
VWW_MBUTTONDOWN, WM RBUTTONDOWN

The dialog box text is displayed in right-to-left reading order for
languages such as Hebrew or Arabic.

This page lets you attach a Smalltalk object to a control. Y ou can also invoke custom
property pages for a custom control.
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Edit Controls

Edit controls encompass Edit and RichEdit controls. Note that the client edge styleis
ignored by dialogs unless you aso specify the border style. Dialog boxes automatically
set this style when the control has a border (thisis Win32 behavior).

Custom Controls

Buttons

A Custom control isathird party control that is not defined in the GUI builder. You can
use a custom control directly on adialog box by dropping the custom control symbol
and specifying the Windows class nhame.

A custom control must be represented by a subclass of Control before you can useitin
aregular window. The Control subclass must specify at least the Window class name.
In generd, it also provides methods to manipulate the control.

Buttonsinclude radio buttons, check boxes, and push buttons.

The standard Ok and Cancel buttons should have the IDOK and IDCANCEL identifiers.

List and Combo Boxes
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List controls have an additional Data page that lets you specify alist of strings to
display in the list or combo box.

Figure2-14 List Contents
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Thisisuseful when the list contents are known at development time, so the application
does not have to worry about initiaizing the list.

List View
A List view operatesin one of three modes; icon, small icon, or report. In report view,
the list view can feature a header. The Header page lets you specify the header column
names and widths.
Figure 2-15 ListView Header
_is Wize Pr_poiley
Endz3 | M2°2 Stvlos | Exta-ccd Sxlos | L otvice ExStece |leacs: |Ema|lt5 L
For cans colu~n. zhcrthzwidh and shelaozl end
Hotiz a3l W 2 ighim 2 Pross crct.
|Ledt d 2 Z0F 1 el -
120 5coond Sol.rr
apply
Picture

A picture can display an icon or a bitmap. The caption of the pictureis also the resource
identifier of the bitmap or icon in the resource module. Y ou can specify afile that
contains the resource to be included so that the GUI builder displays the picture at

design time. Note that the picture control resizesitself automatically to the extent of the
pictureit displays.

Note If the dialog is not saved to a dialog resource, or if the picture is used in a regular frame window, the picture must be
loaded explicitly at runtime.

Smalltalk Control

The Smalltalk control symbol inserts a Smalltalk-defined control window into the

frame. The Smalltalk control isinstantiated when the dialog opens, even if the dialog is
based on aresource.
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OLE Control (ActiveX)

OLE control encapsulates an ActiveX component. In addition to the basic window
properties, you can edit the OLE properties that are specific to the component.

To insert an OLE control, click on Insert|Insert OLE control and select a control. Y ou
can aso add an OLE control to the control palette (right-click on the palette).

Splitter Bars

Splitter bars separate two sets of panes, either horizontaly, vertically, or both, and let
the user adjust their respective position at runtime. Splitters modify the framing
matrices of the adjacent panes at runtime and support two modes; afixed mode and a
proportional mode. In the proportional mode, the splitter maintains a proportional
position with respect to the parent. For example, a splitter positioned at 40% of the
parent width moves accordingly when the parent is resized.

Inserting Splitter Bars

126

Y ou must first create the panes to split and, if applicable, set the framing parameters
they should use. Because splitter bars modify the framing parameters of adjacent panes,
it isdifficult to edit the framing parameters after a splitter has been inserted.

To insert asplitter, click on one of the splitter symbols and drop it between the panes
you wish to split. You can insert avertical or ahorizontal splitter. When dropped, the
splitter looks for adjacent panes and separates them into two sets (left/right or
top/bottom, depending on the split type).
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Step 1: Create the panes to split. AN =]
lsaLBLBLBL}LBLB.LBLBLBLBL}LL' ;

Step 2: Insert a (vertical) splitter
between the panes.
o
Z

When a splitter isinserted, adjacent panes are marked with the Ws_EX_CLI ENTEDGE
style to obtain a 3D aspect.

Editing Splitter Bars

The properties of a splitter include the set of panesit splits. Double-click the splitter to
bring up the properties or select the splitter from Edit|Select Control, then click on
Edit|Properties. It is possible to edit the collection of panes by adding new ones or
deleting existing panes.

If you have more than one splitter bar, you can click on any splitter bar to edit both the
horizontal and vertical panes being split.

For example, adding an edit pane and a horizontal splitter to the previous pane resultsin
the layout below.
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Figure 2-16 Splitter Bars
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The properties of asplitter list the horizontal and vertical sets of panes separated by the
splitters. If you wish to modify the properties or change the layout of the panes, select
the splitter and delete it, then insert a new one.

Note

When adding a child control manually to the list of panes separated by a splitter, you may have to set the
WS_EX CLIENTEDGE style to obtain a 3D look.

Using Splitter Bars
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Internally, splitter windows are implemented by an instance of SplitPane, which covers
the client area of the frame window. The visible parts capture the mouse input and
allow the user to resize the panes. It is therefore mandatory that the child windows
cover the client area completely. If the frame is resizable, the child windows must scale
accordingly.

There can only be one vertical and one horizontal splitter in a FrameWindow. To use
more than one, insert container windows as needed and split the containers.
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Setting Framing Parameters

If the parent window is resizable, the child panes must be associated with framing
matrices that allow them to scale with the parent.

Y ou must reassign framing parameters each time you move a splitter bar.

Example 1. fixed split

In the simple example using two list boxes; | DC LI ST1 and | DC LI ST2, setthe
framing parameters as following:

¢ For| DC LI ST1, click on Usey scaling to set the bottom at 100%.

¢ Forl DC LI ST2, click on both Use x scaling and Use y scaling to set the right
bottom at 100% @ 100%.

Example 2: proportional split

Click on the splitter and hold down the mouse button to reset the framing properties.
Click on Use x scaling for both panes to enable proportional positioning.

Control Extensions

About Control Extensions

Control extensions provide a hook for the GUI builder to display custom properties of a
control. The additional properties complement the window properties of the control.

Using Control Extensions

Clicking on the Smalltalk tab in the control's properties displays the Smalltalk
properties. A control extension enables the Custom Properties button.
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Figure 2-17 Control Extension Page
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For example, the custom button sample displays the following dialog when the Custom
Properties button is clicked:

Figure 2-18 Custom Button Sample
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Implementing Control Extensions

To enable custom extensions, a control must implement the following class methods:
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Table2-10 Custom Control Extension M essages
M essage Description
ifOpenPropertiesOn:data: Displays a custom dialog and returns an

extension-specific value.

if StoreDataOn:data: Appends source code that initializes the control
with custom data. The method takes a stream and
the extension-specific value returned by
i f OpenPropertiesOn: data:.

Returnstrue if successful, false otherwise.

For example, the custom button sample returns the path to a sound file in the first
method. The implementation of i f St or eDat aOn: dat a: lookslike:

streamnext PutAll: ' soundFile: ''' asStringA
next Put Al l : data asStringA;
next Put: $'.

~true

Defining events
The Interface Builder usesthe class method i f Event s to retrieve the set of events that
acontrol supports. A custom control can add its own events.
Thereturn value is an array with the following information for each event:

¢ Theevent name. Thismust be astring. If the first character is apound sign (#), the
event isa symbol. Otherwise, it is a constant name defined in a pool dictionary of
the class.

¢ Anevent description string. The description should be short enough to fit into the
event description field of the Interface Builder.

¢ Event parameters. The format of the string is the same as the one used by C
functions, for example * (paraml, param2)’ defines two parameters. If there are no
parameters, the value is zero.

¢ A reserved value, must be zero.
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GUI Builder Tutorial

Thistutoria shows you how to create a basic application that uses a main window, a
menu and adialog box. It details all steps, including generating external resources and
building an executable.

A Generic Application

Creating the application window

1) Open the GUI builder, click on File|New, select Application Window and press Ok.

2) Double-click on the window or click on Edit|Properties. In the property sheet that
pops up, enter GenericWindow in the Smalltalk classfield, and select
FrameWindow as superclass.

3) Presson the Window tab

= modify thetitle to ‘ Generic Sample'.

» check Window menu to insert a menu.
4) Closethe property sheet.

Creating the Generic menu

1. Open the menu editor by clicking on Edit|Menu, or double-click on the menu bar of
the edited window.
Insert aFile menu (Insert|Standard Popup|File).
Insert aHelp menu (Insert|Standard Popup|Help).

4. Closethe menu editor

Y ou can now test the window using Layout| Test Mode. At this point, only File|Exit and
Help|About are functional. The latter displays the default about box, which is the about
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dialog of the development environment. The other menu items are currently not needed,
so we'll disable the most common and delete the rest. To delete an item in the menu
editor, select the item, then press DEL or click on Edit|Delete. To disableit, click on
Edit|Properties, move to the State tab, and click on Disabled.

Saving the Window
To save what we've done so far, click on FilelSave. Thisisthe same as clicking on
File|Save As, then on FrameWindow.

Saving the window creates a new class GenericWindow, with methods that define
attributes and create the menu. Y ou can test it by evaluating:

Generi cW ndow new open

Creating the About dialog

For demonstration purposes, we will create an About box for our application. If you use
aresource script, you can also generate the About box automatically, so this step is not
mandatory.

1. Click on File]New and select Dialog Box to create a dialog box.
2. Click on Edit|Properties to open the dialog properties.

= Inthe Application page, enter GenericAboutBox as Smalltalk class and select
DialogBox as superclass.

= |nthe General page, change the dialog title to ‘ About Generic'.
3. Closethe property sheet.

Add atext label: click on the static text symbol in the pal ette and drop the control
onto the dialog.

= Click on Edit|Properties or double-click to edit the properties of the control.
Enter the text to display and select Center for the text alignment option under
the Syles tab. Y ou can use specia characters by pasting them from a utility
such as the Character Map applet that comes with Windows. Just make sure that
the font matches the dialog font (it is M S Sans Serif by default).

= To center the control, select the control and the dialog and click on
Layout|Align Controls|Horz Center.

5. Add the Ok button:
= Select the pushbutton symbol on the tool palette
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= Drop the button on the dialog, select Layout|Push Buttons|Bottom to align the
push button at the lower bottom of the dialog.

= Edit the button’ s properties and enter IDOK as identifier, Ok for the text.
Because IDOK is a predefined event, the dialog will automatically close when
the user clicks on the Ok button.

6. Savethediaog (File|Save).

Y ou can now open the about box in response to the about menu action. The event is
already defined in FrameWindow, so the window must just re-implement the method
about Box as below:

about Box
Cal I back that opens an about box.
Return Val ue:
This nmet hod does not return a val ue.

ACGeneri cAbout Box new openOn: sel f

Using external resources

To befully functional, the generic application needs an icon. To that effect, we will
create aresource-only DLL with an icon. We will later be able to add other resources to
thisfile.

Add resource properties to the window

In the Class Hierarchy Browser, navigate to GenericWindow and right-click on the
class. Select Edit GUI to open the GUI builder on the window.

1. Open the window properties.
2. Inthe Application page, enter * generi c. dl | asthe module name.

3. Inthe Window page, enter Gener i ¢ asWin32 classnameand | DI _APP asicon
resource.

4. Savethewindow.

Entering a Win32 window class name requires that the window is registered at runtime
usingr egi st er C ass. Registering awindow class allows you to use use attributes
such as the icon and background brush.
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Create a resource script

The easiest way to create aresource-only DLL script isto use the interface builder.
Click on File]New, select Resource Script, select the options you wish to have in the
DLL and validate. In this example, you would choose the following items:

v Application icon (the icon displayed by GenericWindow)
v' Message file (runtime error messages for the target executable)

v" Version resource (optional, the version resource is displayed in the file properties of
the Windows explorer).

This creates a new directory and a subdirectory with the resources. Invoke nmake to
compilethe DLL. Copy the DLL to the current directory.

Before you can open windows of the new class, you must register the window class
once by invoking:

Generi cW ndow regi sterd ass.
Y ou can then open awindow using:

Generi cW ndow new open

The window should now use the specified classicon. Y ou can edit the application icon
file with athird-party icon editor.

Note

The include environment variable must include the ..\SUPPORT\INCLUDE directory before you can compile the
resources.

Saving the About dialog to a resource file

Thisstep isoptional. Typicaly, you will save dialogs as external resources when the
design isfinalized.

1. Open the previous About dialog in the interface builder.
2. Drop anicon control on the dialog and open the properties for the icon.
* |Inthe General tab, enter | DI _APP into the resource field.

» |f you wish to display theicon, click on Browse and open theicon file (in the
RES subdirectory that has been created previously). This step is optional, since
the resource identifier determines theicon to load at runtime.

3. Inthe Application page, edit the resource identifier and module name. Enter
GENERI C. DLL asmoduleand | DD_ABQUT as resource identifier.

4. Click on File|Save As and save the dialog as Dialog and Resource template, for
example as ABOUT. RCin the RES subdirectory.
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5. Closetheinterface builder.

6. Add the following line to the resource script (GENERI C. RC):
RCI NCLUDE ABQUT. RC

7. Run NMAKE and copy the DLL to the Smalltalk directory.

Evaluate the expression below:

Generi cW ndow regi sterd ass.
Generi cW ndow new open

The about box should now display the application icon.

Creating a dialog

The dialog box in the following example displays a window extent and lets the user
modify the extent and apply the changes.

Create adiaog as below:

Figure 2-19 Generic Dialog Box
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GenericDialog adds an Apply button that lets the user view the changes immediately,
without first existing the dialog. The processing takes place in the method appl v,
which islinked to the | DC_BUTTONL event in the event editor.

A dialog box reacts to the events | DCOK (the user clicked on Ok) and | DCANCEL (the
user clicked on Cancel, or hit the Esc key). The default action in DialogBox isto close
the dialog, passing the command identifier to the method cl oseW t h: (which,
ultimately, returns the value to the caller of openOn: ).

In thiscase, onCk callsapp! y before closing the dialog, so the implementation of
onCk looks like:
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onCk
sel f apply.
Asuper onCk

Dialog Layout Exanmple
After placing the controls on the dialog’ s client area, proceed as follows:
= Alignthe edit fields (Layout|Align Controls|Left) and static text fields

» Center the static text vertically on the corresponding Edit field (Layout|Align
Controls|Vert Center or press F9)

= Select the push buttons and click on Layout|Push Button|Right

Define the tab order: click on Layout| Tab Order, then click on each control in the order
you want them to appear.

Figure 2-20 Generic Dialog Box Tab Order
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Initializing the Dialog

The dialog holds its Windows owner in an instance variable. Modify the class
declaration by adding the instance variable m wi ndow. Thisvariableisinitidized in
the#openOn: method:

openOn: owner W ndow

Opens the dial og box.
Par anet ers:
owner W ndow A top-level w ndow that becones the owner, or NULL.
Return Val ue:
The nethod does not return until the dialog box is closed. The
return value is the receiver.

m w ndow : = owner W ndow.

self initTenplate.
“sel f dial ogBoxlndirect: nil owner: owner W ndow
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The dialog needs to display the parent's window extent when it isfirst shown. Thisis
donein the method i ni t W ndow:

i ni t Wndow
| extent |
mw ndow notNi | ifTrue: [
extent := mw ndow get WndowRect extent.

self setltemint: IDC _EDIT1 val ue: extent Xx.
self setltem nt: |DC_ED T2 val ue: extent vy.

Themessageset | t em nt: val ue: setsthe vaue of an edit control to an integer. An
aternativewould betouseset | t eniText : t ext : asbelow:

self setltenText: |IDC_EDIT1 text: extent x printString.

A third possibility isto attach an edit object to the control and to send a message to the
edit object:
| edt |

edt := self childAt: IDC_EDI T1 class: Edit.
edt set WndowText: extent x printString.

Thefirst parameter to chi | dAt : cl ass: isthecontrol identifier, the second is the
control classto instantiate. If a control object is already attached, that object is returned.
Attaching a control lets you use the control's protocol.

Inour simplecase, usingset | t em nt : val ue: isthe easiest and most efficient.

Retrieving Dialog Data

The implementation of the method appl y lookslike:
appl y

| xy

x := self getltemint: |IDC_EDI T1.
y := self getltem nt: |DC_ED T2.
m w ndow set WndowExtent: x @y.

>

NULL

Implementing Validation
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In this example, we will limit the extent the user can enter to the available desktop area.
The apply method rejects invalid values and returns TRUE if the parent window has
been resized, FAL SE otherwise. Since an event handler returns an integer to step out of
the event handler chain, the return values should be integers. If the method returned
booleans, event lookup would continue (although in this particular example, this
wouldn't make a difference).
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The desktop window handle is returned by the function Get Deskt opW ndow, so the
extent is obtained with:

hwndDeskt op : = W ndow fronHandl e: W NAPI Get Deskt opW ndow.
maxExt ent : = hwndDeskt op get W ndowRect extent.

When the input dataiis invalid, the method sets the state of the input control to

STATE _FOCUS| STATE_HI LI TE, which selects the faulty string, setsthe focusto the
control, and emits awarning beep. The onCk method must also be modified to close
the dialog only when the validation succeeds. Since the appl y method returns FALSE
when the validation fails, the code for onCk 1ooks like:

onCk
self apply == TRUE ifTrue: [
Asuper onCk

].
ANULL

The complete implementation for appl vy is:

appl y

Event handler for event 'BN_CLICKED in | DC _BUTTONL.
Return Val ue:
An integer to return to the caller, nil to continue
event handling.

| x y maxExtent hwndDesktop |
hwndDeskt op : = W ndow fronHandl e: W NAPI GCet Deskt opW ndow.
maxExt ent : = hwndDeskt op get WndowRect extent.

x := self getltemint: |IDC_EDI T1.
y := self getltem nt: |DC_ED T2.
x >= maxExtent x ifTrue: [
self setltenState: | DC ED T1
state: STATE_FOCUS| STATE_HI LI TE
st at eMask: STATE_FOCUS| STATE_HI LI TE.
~FALSE

].
y >= maxExtent y ifTrue: [
self setltenState: |DC_ED T2
state: STATE_FOCUS| STATE_HI LI TE
st at eMask: STATE_FOCUS| STATE_HI LI TE.
"FALSE

1.

m wi ndow set W ndowExtent: x @y.
~"TRUE

Extending GenericWindow

We will now edit the generic menu to add an option that lets the user open the
supplemental diaog.
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When you validate, the interface builder prompts you for a pool name. Thisis because
GenericWindow has not yet a primary pool to which new identifiers are added. Enter

Edit GenericWindow with the interface builder.

In the interface builder, bring up the menu editor by selecting Edit|Menu or by

double clicking on the menu bar of the Generic window.
Insert a popup menu named Options.

Insert amenu item named Extent. Set its command identifier to
| D_OPTI ON_SETEXTENT.

Generi cConst ant s into the prompter.

The next step isto edit the event map to handle the new event. Close the menu editor
and open the frame window properties. Click on the Events tab. The left-hand pane lists

the event sources.

¢

¢

¢

L4

Implement onSet ext ent asfollows (tip: in the Events page, double-click on the

Click on <Menu> to display the events sent by the menu.
Select | D_OPTI ON_SETEXTENT and click on Link.
Enter the name of ahandler method: onSet ext ent .
Savethe dialog (File|Save).

method to bring up the Class Hierarchy Browser):

onSet ext ent

Event handl er for event 'I1D _OPTI ON_SETEXTENT' in Menu.
Ret urn Val ue:
An integer to return to the caller, nil to continue
event handling.

GenericDi al og new openOn: sel f.
ANULL

Y ou can now test the generic window.

Creating an executable image
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¢

Create a project with the classes GenericAboutBox, GenericDialog,
GenericWindow.

Add the pool dictionary Gener i cConst ant s to the project.
Save the project in the GENERI C directory.
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¢ Create aW NMAI N. SMstartup file as below.
¢ Generate the executable (in the project browser, Project|Build|Build EXE)

I Appl i cati onProcess * met hods!
wi nMai n: hModul e with: hPrevlnstance wi th: cndLi neArgs with: nCnmdShow

Public - Calls initialization function.

" Register Wndows "
W ndow regi sterd ass.
Generi cW ndow regi sterCl ass: hMdul e.

" Create application and run nessage |oop "
W nAppl ication new run: [CenericW ndow new open]

Toolbar Sample

About Toolbar Sample

Toolbar Sample demonstrates how to build a simple application that uses an edit
toolbar.

Creating the Application window

Follow the same steps as for the Generic window.

1. File|New — Application Window to create the window. This creates the window and
opens the window properties.

» Enter SampleToolWindow as Smalltalk class, FrameWindow as superclass.
» Enter TOOLSAMPLE. DLL in the module field.

* IntheWindow tab, edit the window title and click on Menu present. Enter the
Win32 class name (sanpl et ool wi ndow) and specify | DI _APP asicon
resource. Thel DI _APP identifier is defined in the standard resource pool
dictionary.

» Closethe property sheet.
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2. Insert amultiline edit control that scales with the parent. The identifier should be
| DC_EDI T to enable automatic processing of edit events and commands.

3. Double-click on the empty menu bar (or click on Edit|Menu) to edit the menu.

* Click on Insert|Sandard popup|File to insert a default File menu. Repeat the
procedure for Edit and Help.

» Double-click on File|Print and disable the item in the State tab. Repeat this for
Print Preview and Print Setup as well.

* Closethe Menu editor.
4. Savethewindow (File|Save).

Generating a resource script
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Click on File]New — Resource Script. You are asked to select a destination folder. Enter
TOOLSAMPLE (in adirectory of your choice).

Select the items you wish to generate:

Figure 2-21 Resour ce Script Dialog
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Go into the TOOLSAMPLE\ RES directory and run NMAKE to compile the resources. Copy
the resulting TOOLSAMPLE. DLL to the current Smalltalk directory.

To open the window with the new resources, evaluate:
Sanpl eTool W ndow regi sterd ass.
Sanpl eTool W ndow new open

The About menu is now functional and the window has its own icon.
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Initializing the Toolbar

The resource script generation utility inserts the following line:
| DB_EDI TTOOLBAR BI TVMAP DI SCARDABLE "edittb. BVP"

Add the following method to SampleT oolWindow:

i ni t Tool Bar
Private - Creates and initializes a tool bar.

| tb buttonArray |
buttonArray := #[

TOOLI MAGE_FI LENEW | D_FI
TOOLI MAGE_FI LEOPEN | D_F
TOOLI MAGE_FI LESAVE | D _F
TOOLI MAGE_FI LEPRINT |1 D_ 2
0 0 TB_SEPARATOR -1 -1

TOOLI MAGE_EDI TCUT | D_EDI T_CUT TB_ENABLEDBUTTON 0 0

TOOLI MAGE_EDI TCOPY | D_EDI T_COPY TB_ENABLEDBUTTON 0 0O
TOOLI MAGE_EDI TPASTE | D_EDI T_PASTE TB_ENABLEDBUTTON 0 0] .

LE_NEW TB_ENABLEDBUTTON 0 0
| LE_OPEN TB_ENABLEDBUTTON 0 0
| LE_SAVE TB_ENABLEDBUTTON 0 O
FI LE_PRI NT TB_ENABLEDBUTTON 0 0

(tb := Tool Bar new) createTool Bar: self
hl nstance: m nodul e
style: W5_CHI LD| W5_VI SI BLE| W5_BORDER| TBSTYLE_TOOLTI PS
id: 1D TOOLBAR
bi t mapl D: | DB_EDI TTOOLBAR
bi t mapCount : TOOLI MAGE_EDI TCOUNT
buttonStruct: buttonArray
di spl ayl ndex: DPI _STD96.

Thevariable but t onArr ay isaWordArray that contains a TBBUTTON structure for
each button.

Each line defines the following button attribute:

¢ Theimagelist index of the button. The index is the zero-based index of the toolbar
bitmap.

¢ Thecommand identifier of the button.
¢ Thetypeand state of the button; this can be one of the following:

¢ TB_ENABLEDBUTTON, TB_ENABLEDCHECK,
TB_ENABLEDCHECKEDCHECKGROUP, TB_ENABLEDCHECKGROUP,
TB_ENABLEDGRCOUP, TB_SEPARATCR

¢ Anapplication-defined 32 bit value, normally zero.

¢ Theindex of the button string or zero if noneis defined.

It is aso possible to combine the type and state constants using inline expressions. For
example,
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##( TBSTATE_ENABLED | ( TBSTYLE_BUTTON << 8))

isthe same as

TB_ENABLEDBUTTON.

The edit buttons on the toolbar are functional because edit commands are maintained by
the edit control.

Customizing the Toolbar

When replacing the toolbar, the following issues must be kept in mind:

L4

¢
L4
¢

The identifier of the toolbar must match the identifier in the resourcefile.
The number of images in the image list must be updated.
The button structure array must be updated to reflect the toolbar layout

The display index must match the dimensions of the button bitmaps. Smalltalk MT
defines three constants you can use: DPI _STD72, DPI _STD96 and

DPI _STD120. The corresponding button sizes are named
TOOLBUTTON_STD XXW DTHand TOOLBUTTON_STD_XXHEI GHT, where XX
iS72,96 or 120. It isalso possible to use a custom size; in this case the display
index must specify the button extent (for example 24@22).

Slider, Progress and Spin Sample

About this sample

This sample combines an horizontal slider with a progress bar and a vertical dlider with
an edit field and a spin (UpDown) button. It demonstrates how to work with dliders,
progress bars and spin buttons.
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Figure 2-22 Slider, Progress and Spin Sample Dialog
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Creating the Application window

The layout is straightforward if you observe the points below.

¢+ To create the vertical dlider, place aslider onto the canvas and select the vertical
orientation in the slider properties.

¢ To associate a spin button with an edit field, select the alignment styles Right of
Buddy and Auto buddy. To display integersin the edit field, check the Set buddy

integer style. Note that the spin button window places itself onto the associated
buddy when it is created.

Y ou must attach controls that you wish to access directly. In this example, the slider
controls and the progress bar need to be attached. The edit field and the spin button do
not need to be attached because you can access the edit field usingget | t em nt : and
setltem nt: val ue:.

Handling the events

The dialog implements the following functionality:

¢ When the user moves the top dider, the progress bar is updated to reflect the slider
position.

¢ Moving the vertical dider updates the edit field, and changing the edit field value,
either directly or indirectly viathe spin button, updates the vertical dlider.

The implementation handles the WM_VSRCOLL and WM _HSCROLL events to update
respectively the edit field and the progress bar, and defines a handler for the
EN_CHANGED event in the edit field. The latter updates the vertical dlider each time the

145



Chapter 2 The Interface Builder
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edit contents change. This meansthat directly entering an integer value sets the dlider
position.

The handler codeis as follows:

onHscrol | Sli der

Event handler for event 'WM HSCROLL' in | DC_SLIDERL.
Ret urn Val ue:
An integer to return to the caller, nil to continue
event handling.

(self childAt: | DC PROGRESS1) setPos: (self childAt: |1DC _SLIDER1) getPos.
ANULL

onVscrol | Slider

Event handler for event 'WV VSCROLL' in |IDC_SLIDER2.
Ret urn Val ue:
An integer to return to the caller, nil to continue
event handling.

self setltemnt: IDC_EDI T value: (self childAt: |DC SLI DER2) get Pos.
~NULL

onEdi t Changed

Event handl er for event 'EN_CHANGED in |IDC EDIT.

Ret urn Val ue:
An integer to return to the caller, nil to continue
event handling.

| slider |

(slider := self childAt: IDC_SLIDER2) notNi |l ifTrue: [
slider setPos: (self getltem nt: IDCEDT).

].

ANULL

Note that the code in onEdi t Changed first testsif the dider control has been
attached. Thisis because the spin button generates an EN_CHANGED event when it is
created, beforethe codeini ni t W ndow has a chance to attach the child controls.
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Splitter Bar Sample

About Splitter Bars

We will seein two examples how to use splitter bars with a proportional and arelative
split. A relative split separates two sets of panes at a fixed point, while a proportional

split scales with the parent window, for example at 50% of the parent window width
and/ or height.

The Control Layout

Thefirst step isto create the parent window and the control layout. It consists of three
child panes:

Figure 2-23 Splitter Sample
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TreeView

List Box

List View

Framing Parameters

Enter the framing parameters asin the figures below.
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Figure 2-24 Splitter Sample - Framing Parameters
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Insert Splitter Bars

Test the window and resize it to make sure it behaves as expected. Y ou can now drop a

vertical splitter at the right side of the listbox and a horizontal splitter between the
rightmost panes.
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Figure 2-25 Splitter Sample - Sample L ayout
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Test the window to verify that the splitter bars behave correctly.

Using Scaling Parameters

Using scaling parametersis similar to the previous steps. Instead of specifying offsetsin
the framing dialogs, you must enter a scaling ratio such as 50% and set the offsets
(previously 150) to zero.

Y ou can then drop the splitter bars and test the window.
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Figure 2-26 Splitter Sample - Proportional Framing Parameters
L eft Right top
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GUI Builder Issues and Limitations

Events are not displayed as constant names

The GUI builder reverse-engineers the events from the binary event map that is stored
in the window class. It compares the values against the event description map returned
by the method i f Event s in window objects. If the event cannot be found, the builder
displaysits numerical value (symbols are not affected by the problem). The two main
reasons for this are:

¢ A superclass handles notifications from controls that are not part of the layout of
the edited class. The handlers appear in the event map but are ignored by the
window. No workaround is necessary because the GUI builder skips events defined
in superclasses when generating a new event map.

¢ A handler uses notifications that are not defined inthei f Event s method of the
control in question. The correction is to add the declaration of the notification in the
i f Event s method.

Re-editing a Dialog may modify control styles

When adialog is created, the system dialog procedure in Win32 may change certain
control stylesto givethe dialog a 3D effect. For example, the W5_BORDER style of a
list box isremoved and aW5s_EX_CLI ENTSTYLE added to the extended control style.
When the GUI builder edits awindow, it uses the actual window styles, meaning that
some styles may not match the original template styles. The interface builder has special
code that hides these differences in common cases.

The style differences are merely cosmetical since the final styles are identical. In some
cases there can be conflicts when saving a dial og template as a resource script, resulting
in incorrect styles. The workaround is to edit the resource script manually.

Editing an existing window fails
Editing awindow may fail because the implementation does not expect to be opened by

the GUI builder. For example, adialog that retrieves data from a database may fail in its
i ni t W ndow method because no connection is available. The workaround is to
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temporarily disable the parts of the implementation that cause trouble. If the window is
adialog, the interface builder bypasses the normal creation after the dialog has been
saved as an in-memory template.

Another reason isthat arequired resource DLL isnot in the path, or the window has not
been registered.

Editing ContainerWindow fails

The Interface Builder does not support editing Container Window instances.
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Thefirst part of this chapter, Basic Concepts, presents the basic concepts of Smalltalk
and how they are implemented in Smalltalk MT. The second part, Core Classes, briefly
presents some of the most important classes in the system.
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Basic Concepts

Objects

An object isamemory structure that stores either binary data (it is a byte object) or
references to other objects (it isapointer object), plusinformation that definesits
behavior.

An 8-byte header that contains information about the object (its behavior and a
size/flags field) precedes each object. The address of the object points to the user data,
meaning that you can directly pass a Smalltalk object such as a string or a structure to

an API.
Table3-1 Object Terminology
Parameter Description
Byte Object An object that contains binary data (bytes).

Pointer Object An object that contains pointers to other Smalltalk objects.

Indexed Class A class whose instances contain a variable number of elements that can be
accessed using aone-based index (at : and at : put : messages).

Byte objects are always indexed.

Note One of the salient features of Smalltalk MT is that objects reside at fixed addresses in memory, as in C. The benefit for
development is that you can always use the address of an object, without fearing that it could be moved around. And
at runtime, direct memory references resullt in better performance.

Classes
Each abject in the system is an instance of a unique class. Each classisitself an
instance of M etaclass. Y ou can find out to which class an object belongs by sending the
message cl ass.
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Example:

#(1 2 3) class
-~ Array

12 cl ass
- Smallinteger

W ndow cl ass
- Wndow cl ass

W ndow cl ass cl ass
- Metacl ass

Types of Classes

Byte Classes

A byte class creates byte objects. The classis defined using the message
vari abl eByt eCl ass: .

Pointer Classes

Themessagevar i abl eSubcl ass: createsa class that instantiates indexed pointer
objects. The message subcl ass creates a class that instantiates non-indexed pointer
objects.

The superclass of apointer class must be a pointer class (an object has either pointers or
bytes, but not both). The superclass of a byte class must be a zero-size class (i.e., a
pointer class without instance variables or a byte class).

Y ou instantiate a class with one of the following messages:
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Table 3-2 Object I nstantiation M essages
M essage Description
basi cNew* Instantiates an instance of the receiver, which must be aclass. The
message cannot be subclassed.
basi cNew. * Same as above, and specifies the size of the instance. The argument,

which must be an Integer, isinterpreted as follows:

O If thereceiver isabyte object, the size specifies the number
of bytes.

O Otherwise (the receiver contains pointers), the sizeisthe
number of pointer slots.

O Inall cases, the actual net sizeis augmented by the space
required for instance variables (for byte objects, thisis
normally zero).

New The message can be subclassed. The default implementation in
Behavior calsbasi cNew.

new. The message can be subclassed. The default implementation in Behavior
callsbasi cNew: if thereceiver isindexed, otherwise raises an
exception.

new. on: The message is private and its description is only provided for

completeness. It allocates an object at a specified address location and
increments the pointer.

Egzpﬁ: : gg Same as newand new. , but allocates an object on the external heap.
P ' The object must be explicitly freed using heapFr ee.

: ggg: mxvv Same as newand new. but allocates an object on the stack

new: on: Place an object at a given pointer address

Note Only new: tests whether the receiver is indexed.

Methods

The behavior of an object is defined by methods, which are identified by selectors. A
method is afunction that is executed by sending a message to the object. A message
consists of aselector (that identifies the method to perform within the object) and
arguments that as expected by the method.

" This message is a pseudo-message
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Table 3-3 Method Terminology

Term Description

Argument A method's argument, described by the method header.

Selector Within an object, amethod isidentified by a selector. The selector isa

symbol whose string representation determines the precedence and the
number of arguments expected by the method.

Message A message comprises a selector and arguments. There are several kinds of
messages as described below. A message is sent to an object (the receiver of
the message) in order to perform some action.

Method A method consists of compiled code, bound to be executed when a message
with the method’ s selector is sent to the object for which the method has been
defined.

Messages

A message is atwo-way communication mechanism between objects. A message
consists of areceiver (the object the message is sent to), a selector, and the appropriate
number of arguments. When the receiver has processed the message, it returns avalue
to the sender.

There are three kinds of messages, listed in the following table by decreasing
precedence:
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Table3-4 M essage Types
M essage Description
Unary A message with no arguments. The selector string starts with a letter or
message underscore character and consists entirely of letters, underscores and
numbers.

Example: 1 negat ed

Binary A message with a single argument. The selector string consists of one or two
message special characters (other than digits, the underscore, and letters).
Example: 1 + 2
arithmetic messages: the messages + * are commutative, anda - b is
equivalent to

a + (b negated).

Keyword A message with one or several arguments. Each argument is preceded by a

message word that starts with aletter or underscore character and consists entirely of
letters, underscores and numbers, except for the last character which isa
colon (2).

Example: at: index put: object

Cascaded Messages

158

Cascading isa particular syntactic form that sends several messages to the same
receiver. Using cascaded messages often improves readability and eliminates the need
for atemporary variable. A semicolon separates each message from the next cascaded

message.

Example:

IdentityDictionary new
at: 16r1000 put: 'pears';
at: 8 put: 1 @2;
your sel f

evaluates as
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tenp := ldentityDictionary new.
tenp at: 16r1000 put: 'pears'.
tenp at: 8 put: 1 @2.

temp

Unary Messages

A unary message is a message without arguments. The selector starts with aletter,
followed by an arbitrary number of letters and digits. Unary messages have the highest
precedence.

Examples.
#(1 2 3) size

"abc' size negated evaluatesas (('abc' size) negated)
Binary Messages

A binary message takes a single argument. The selector is composed of one or two non-
alphanumeric characters from the list below.

1 %&* +-/ <=>?2@| ~\ ,

Note Themessages & * + = | are commutative. A class that implements such a message must observe this rule.

Example:
1+ 2
1+2*3
evauates as
(1+2) *3

Keyword Messages

A keyword message takes at |east one argument. The selector consists of keywords,
separated by colons (:).

Each keyword starts with aletter, followed by an arbitrary number of letters and digits.
The message is declared with each keyword preceding the matching argument, such as
in:

array at: i put: object
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Example:
"abc' at: 2 + 1 negated put: $b asUpper Case

evaluates as

"abc' at: (2 + (1 negated) ) put: ($b asUpper Case)
"abc' at: 1 put: $B
' Bbc'

Variable Argument Messages

160

A variable argument message is a special keyword message that generatesacall to a
variable-argument method. V ariable-argument messages are useful when interfacing
certain C functions.

Typically, you would implement variable argument calls when wrapping afunction that
accepts ava_list type parameter. Most variable-argument functions have a counterpart
that acceptsava_list. Instead of implementing a method for every number of arguments
you expect to receive, you can implement a single wrapper that works with an arbitrary
number of arguments.

For example, instead of implementing the methods#wspri ntf:wth:,
#wsprintf:w th:w th:and soon, String has asingle method
#wsprintf:va_l|ist: that workswith an arbitrary number of arguments.

Calling a Variable-Argument Method

The selector must be composed of one or more keywords, followed by one or more
_Wi t h: keywords; one per variable argument.

keywordl: {keyword:} _with: {_with:}

Example:
rai seException: anExcepti onCode
nunmber O Ar gunent s: nNunber OF Ar gunent s
va_list: va_list
"sel f rai seException: ST_EXCEPTI ON_ERROR
nunber O Argunents: 1
_wWith: szMessage asString basi cAddress

A multi-byte parameter can be specified using _wi t hnn: , where nn specifies the
number of bytes to push onto the stack (it must be a multiple of four).

Example:
String wsprintf: ‘9%’ _with8: 1.2
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Hoat arguments to printf functions are passed as a double precision floating point values, hence the 8 byte
specification.

Implementing a Variable-Argument Method
The implementor must implement the method:

keywor d1: {keyword: }va_list:

Theva_list parameter is athe raw 32-bit address of ava_list structure. It is not an
object, but you can access the arguments with the pseudo-message _at : .

Equivalent Smalltalk Code
The equivalent Smalltalk code of avariable-argument call towspri nt f is:

| arg_list |

arg_list := WrdArray new 3.

arg_list at: 1 put: 'va test'.

arg_list at: 2 put: 1234.

arg_list at: 3 put: 16r ABCD.

String wsprintf: '% % %' va_list: arg_list.

Accessing Arguments from Smalltalk

It is possible to use the variable argument convention directly in Smalltalk. The
implementor must know the number of arguments (for example, they must be passed as
a separate non-variable parameter).

Theva_list parameter must be accessed using _at : becauseit isnot areal object.

Example:

I Cbj ect class * nethods!
var Met hod: count va_list: va_list
1 to: count do: [ :i |
Transcript show '\n',i printString,"'
(va_list _at: i) printString
1.0

evauate:

bj ect var Method: 3
~with: '"abc' basicAddress
_with: 123 basi cAddress
_with: Transcript basicAddress

Theresultis:
1 : 'abc'
2. 123

3 : Transcript Wndow 20246)
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Note An attempt to send a message to va_list or to read beyond the end of the list will fail with unpredictable results.

Variables and Namespaces

The Smalltalk compiler recognizes several variable and identifier types, listed below in
the order of their lookup.

Table3-5 Smalltalk Variablesand | dentifiers

Type Scope Description

Pseudo- Globa true, false, nil, self, super.

variables

Argument Method A method's argument, described by the method header.

Loca variable Method A local variable, limited in scope to the method in which
it is defined.

Block argument Block A block argument, limited in scope to the method in
which the block is defined.

Class Globa A classisglobally accessible.

Global variable Global A global slot accessible from every point in the image,
and in every thread.

Instance Classinstance A pointer slot in an object, scoped to the particular

variable methods instance.

Classvariable  Classmethods, A pool of sots shared by the classin which it is defined,
Classinstance subclasses and instances of the classes.

methods
Classinstance Classmethods,  Same as an instance variable, but the object isaclass.
variable Classinstance

methods
Pool dictionary Class The lookup starts in the current class, in the order of
constant declaration. It continues in superclasses until all pools

have been scanned or a matching entry has been found.

Thread-local Global A variable that is visible from every point in the image,
variable but whose value is different for each thread.
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Variable names must be unique within their scope. Classes, pseudo-variables and pool
constants are not variables. Classes are in the same name space as global variables, but
cannot be assigned (e.g., o deredCol I ection := 1 isnot alowed).

Namespaces

The compiler resolves names in the following order:

1)
2)
3)
4)
5)
6)
7)
8)
9

pseudo-variablestrue, false, nil, self, super

frame variables

classes

global variables

instance variables

classvariables

classinstance variables

pool dictionary symbols, starting in the class and continuing in superclasses
thread-local variables

10) aliases (a placeholder for aclass)

An alias replaces the name of aclass. Currently, three aliases are defined:

Dictionary mapsto MappingTable
File mapsto FileStream

Date mapsto Time.

Global Variables

A global variableis globally visible to all threads in the process.

For example, after executing

d obal := ‘abc’

all threads in the process have access to the string * abc’ .
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Thread Local variables

Thread Local variables are used like global variables, except that their values are
specific to each thread. Thread Local variables areinitialized to nil. Thread Local
storage should be used when a global scopeis required in athread.

The following table lists the predefined thread local variables.

Table 3-6 Predefined Thread Local Variables
Variable Description
debugger When athread is being debugged, this variable references the
debugger. Otherwise, it isnil.
progress|ndicator If not nil, references an object that has the progress bar interface.
Methods that perform lengthy operations use this variable to display
the progress.
RecursiveSet Used internally to detect recursive operations, such aspr i nt On:
thisApplication References the WinApplication instance for a GUI thread,

otherwise set to nil.

Transcript References the Transcript window in the main thread. In other
threads, the variable is usualy nil.

Class variables

Class variables can be used in instance and class methods of the defining class and
subclasses. A class variable refers to a unique storage location.

Class variables are shared by the defining class and subclasses, but also by threadsin
the system.

Class instance variables

Classinstance variables are instantiated for each subclass of the defining class. Class
instance variables are only accessible from class methods in the class and subclasses.
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Instance variables

Instance variables represent storage in each instance of aclass. Instance variables are
initialized to nil.

Local storage

Local variables and arguments are visible from anywhere in the defining method.

Block storage

Block variables and arguments are only visible from statements in the defining block,
including nested blocks. Block arguments describe the parameters passed to the block.
Block local variables improve code readability and may result in code that is more
efficient.

Restrictions on using shared variables

In Smalltalk M T, certain routines of the memory management thread run concurrently
with other Smalltalk threads. The benefits include better performance on multiprocessor
architectures, at the expense of some restrictions when using global storage (global
variables, class and classinstance variables).

When a globally referenced object is de-referenced globally and re-referenced locally,
there is apotential for the object being discarded because the garbage collector may not
be synchronized at this point. The code below illustrates this:

| gl

g := dobal.

d obal := OrderedCol | ection new.
g doSonet hi ng

There are severa waysto overcome the situation, the easiest isto use
Menor yManager >>mar kObj ect : , which ensures that the argument is not
discarded during the current cycle.
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| 9|

g := dobal.

Menor yManager mar kObj ect: g.

G obal := OrderedCol |l ection new.

g doSonet hi ng

Literals

A literal isan object defined within a method,; literals do not have to be created
explicitly. It can be an instance of the following classes:

Table 3-7 Typesof Literals

Literal Class Example

Array #(1 2 (24.2 9) 'abc')
WordArray #[1 2 WM CLOSE]
Character $c

Float 1.2

Integer 3

String " abe’

Symbol #at : put:

For example:

#(1 mySynmbol (9.3 5 "aString') 'nyString' 0.3)

defines an array with the following contents:

Table 3-8 SampleLiteral Array
index element Class

1 1 I nt eger

2 #mmy Synbol Synbol

3 #(9.3 5

'aStri_ng') Array
4 "nyString' String
5 0.3 Fl oat
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Literal arrays can be nested at arbitrary levels. Literals have the same protection status
as code (usualy read-only). This prevents them from being changed inadvertently by an
application. For example:

M/ d ass>>nmyString
A nyString

MyCl ass new nyString at: 1 put: $a

does not change the literal and resultsin a protection violation (this may not be the case
in the development image).

Literal Arrays

Literal arrays can be created at compile-time. An array definition begins with the
character #, followed by alist of elements, delimited by parentheses. Individual
elements are separated by spaces. Valid elements are:

¢ Numbers (Integer or Float instances)
Strings (StringA or StringW instances)
Symbols

Arrays

nil, true, false, which are interpreted as pseudo-variables

* & & o o

A precompiled expression that compiles to one of the types above (see aso
Constant Expressions on page 167 for more information)

Example:

#(1 2 3 nil #('sub' 'array' 1))
#(1 synbol #another_synbol 'string' ('an' 'array'))
#(1 ##(CLR BLACK) ##(1 + 2))

In the last example, a precompiled expression is used to reference a pool constant.
Entering the pool constant directly would have created a symbol instead.

Literal WordArrays

A literal word array is enclosed by square braces ([) and introduced by a pound sign (#).
A WordArray issimilar to an Array, except that it stores objectsin their 32-bit
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representation. It is also possible to use pool constants as long as they represent 32 bit
values. Vaid elements are:

¢ Numbers (32-bit Integer or Float instances; floats are compiled a single-precision
values)

¢ A precompiled expression that compilesto one of the types above

Example:

#1 2 3]
#[ WM_CREATE 2 3]

Literal Strings

A literal String consists of a sequence of characters enclosed by quotation marks ('). To
include a quote character within a string, the quote must be doubled. For instance,
"abc' ' def ' definesthe string:

abc' def

The source character set accepts any 8-bit character (values from 0 to 255). The actual
character encoding depends on the default image-encoding standard, and can be either
ASCII or Unicode. Y ou can use escape codes to specify arbitrary unicode characters
beyond 255 (see below).

Themessagesas St ri ngAand asSt ri ngW when sent to aliteral string, override the
default character encoding. The compiler generates alitera string of the specified
encoding instead (the message is not sent at runtime).

Examples.
" Copyri ght\ xA9 inserts the copyright symbol. In ANSI, it defines a
StringA, in the Unicode model an instance of
StringW.
"This is a string’ asStringA defines an ANSI string, regardless of the current
character encoding.
"This is a string’ asStringWw defines a Unicode string, regardiess of the current

character encoding.

String Escape Codes
Charactersinside a string can be specified as escape codes from the list below:
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Table 3-9 String Escape Codes
Character Meaning Hex
Escape Code Value
\a Alert 7
\b Backspace 8
\f Formfeed Oc
\n Newline + Return 0OcOa
\ Newline 0a
\r Return Oc
\t Horizontal Tab 9
\v Vertical Tab 0Ob
W Backdash 5C
\ xhh Hex number hh
\ Xhhhh Hex number (wide hhhh

character)

If the character following the backslash is not in the list above, the backslash is taken
literally. For example:

"abc\ def’ -> abc\ def

Y ou can specify a character by itsinteger value, using \ x or\ x, followed be
respectively 2 or four hexadecimal numbers. For example:

"abc\ x3f def * -> abc?def

In the Unicode model, characters whose encoding is above 255 can be coded using the
extended hexadecimal notation (\ xhhhh).

Literal Symbols
A literal Symbol starts with a pound-sign and obeys to the rules set forth in Messages
on page 153.

Symbols resemble Win32 Atoms because they encapsulate a handle that is used to
access a string representation. The benefit of separating the symbol from its associated
string is that the symbol table can be replaced at runtime by a much smaller table.
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Blocks

Examples

#at: put: aslnteger
- 33556385

Synbol val ue: 33556385
- #at:put:

A block is apiece of code whose execution is differed until it receives a message that
requests execution. The code is executed in the context of the defining method, e.g., it
has access to the local variables of the home method.

A block isdelimited by square braces: [ ... ]. A block may accept an arbitrary number of
arguments; in this case, the first declaration after the opening bracket ([) lists the
arguments, such asin:

[ rargl :arg2 :arg3 | ... ]

The vertical bar | marks the end of the argument list. Block arguments are treated like
the method's local variables.

Optionally, alist of block local variables may follow the argument declaration, if
present. Block local variables are delimited by vertical bars, such asin:

[ rargl :arg2 :arg3 | | ab|... ]

Types of Blocks
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A StaticBlock isare-entrant optimization of ContextBlock that stores its arguments on
the stack rather than in ahome context. A StaticBlock object is created in lieu of a
ContextBlock if the following conditions are met:

v Theblock does not contain other blocks

v Theblock does not contain areturn statement

v The block does not use any of the home method's arguments or local variables
v Theblock does not use the pseudo variables self and super

The compiler automatically creates StaticBlock instances whenever possible, and their
usageis entirely transparent.
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Reentrancy Issues

Characters

Dueto their design, Smalltalk Block instances are not re-entrant (i.e., they cannot be
called safely by concurrent threads). Therefore, multiple threads cannot share the same
block unless synchronization is provided. Exceptions to this rule are StaticBlock
instances, which are optimized blocks that do not require a method context. The
following possibilities arise:

¢ Theblock isonly used by one thread. No restrictions apply.

¢ Theblock is shared, but synchronization (i.e., a CriticalSection) ensuresthat it is
only used by one thread at atime.

¢ Theblock isaStaticBlock and is re-entrant. However, the block statements do not
have access to any of the home method's variables and arguments, including self.
Thisis usually not aproblem if the block arguments contain sufficient information,
otherwise thread local storage can be used to store and retrieve per-thread data.

A character is defined literally by specifying the character, preceded by a $. For
example, $c¢ specifies an instance of Character that represents the character c.

A Character instance uses 16 bits to store the information, so it can accommodate
Unicode encoding.

Constant Expressions

Abstract

Expressions that begin with the token ##( and up to the matching closing parenthesis
are evaluated at compile-time. The benefit isthat an expression that evaluatesto a
constant is evaluated only once, when it is compiled, and not each time the code is run.

Aninline expression must be relatively simple (for example, it cannot use cascaded
messages or blocks). However, thisis not really alimitation since the expression can
call any method.

Result of a constant expression

The result of the compilation can be an instance of the following classes:
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Integer, String, Float, Character, Class, (..)?
or a byte object such as a structure.

Objects that can not be stored as literals evaluate to nil. Highlight the constant
expression and evaluate it to see whether it returns the expected result.

Note It is superfluous to pre-compile arithmetic expressions with integer values because the compiler takes care of it

automatically.
Limitations
The resulting object must be flat, equivalent to aliteral array, or aflat byte object.
Table3-10 Constant Expression Limitations
Expression Comments
X ##(OrderedCollection with: 'abc’ with: Fails because the result is not an Array or a
'def") byte object.
##((OrderedCol I ection with: 'abc' i
v wth ‘def ) asarray) Theresult isan Array.
##(LOGFONT new faceNane: 'Arial’ i i
v hei ght : 12 wei ght - 600) LOGFONT copies the string contentsto the
structure.
X ’Zgg!-oa:o'\” lnfe;"’ height: 12; weight: Yoy cannot use cascaded statements directly.
- yourse The expression must be moved to a separate
method, which is called by theinline
expression.
#iécc%vsoaoxm TEM new pszText: Y ou cannot set a pointer value inside a
structure.
The resulting object is scanned by the image builder and added to the references used
by the image. For example, using a precompiled LOG-ONT structure automatically
referencesthe LOGFONT class.
Examples

To create an initialized LOGFONT structure:
##(LOGFONT new faceNane: 'Arial' height: '12' weight: 600)

A ubiquitous use is passing the size of a structure, as in the code fragment below:

% Depends on the compiler version
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Numbers

W NAP| Get Obj ect: hFont
with: ##(LOGFONT sizel nBytes)
with: |f.

Constant expressions can also be used in literal arrays. For example,
#(1 ##(\WM_USER+1))

definesalitera array of two elements, 1 and 1024 (= WM USER + 1).

The sameistruefor literal WordArrays:
#[ 1 ##( W USER+1) ]

Number literals are instances of Float, Integer or Fraction. The presence of adecimal
point followed by one or more digits determines whether aFloat or an Integer is
created.

A sequence of digits defines an integer in decimal format. To use another base, the
number radix can be specified (in base 10), followed by r and the integer in the
specified base. For example, 161 41AF isthe hexadecimal representation of the integer
16815.

Smalltalk MT accepts both uppercase and lowercase al phabetic characters for radix
numbers.

Control of flow Statements

Smalltalk lets you use all major conditional and iterative constructs.
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Overview

Table3-11 Boolean Expressions and Comparisons
Smalltalk expression Equivalent C expression

AifTrue: [ B]. if (A {B};
AifFalse: [ B].

A nust evaluate to a bool ean

A

A

ifTrue: [ B] ifFalse: [ C]. if (A { B} else { C};
must evaluate to a bool ean

A] whileTrue: [ B]. while ( A) { B};
A] whileFalse: [ B].
must evaluate to a bool ean

ifTrue: [ B] ifFalse: [ C]. if (A { B} else{ C};
ifFalse: [ B] ifTrue: [ C].
must evaluate to a bool ean

>>> >

[ A] whileTrue: [ B]. while ( A) { B};
[ A] whileFalse: [ B].
A nmust evaluate to a bool ean

A switch(A)

case: Bl case: B

{case: Bi} perform [ G ] ... break;
{... defaul t:
{default: [ Cn ]

B1 - Bn nust be constant val ues

(A) or:[B] if (A 11 (B))
(A) and: [B] if ( (A & (B) )
(A 11 (B it ( (A1l (B))
(A && (B) if ( (A & (B) )
(A | (B) f (A1 (B );
(A & (B) f( (A &(B) ) ;
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Note 1

Note 2

The messages isNil and notNil are inlined.

The case statements are Smalltalk MT extensions. The generated code is extremely efficient.

Loop Expressions

Inlining Issues

Smalltalk expression Equivalent C expression
AtimesRepeat: [ B]. for(i=1, i<=A i++) B;

A nust evaluate to an integer

Ato: Bdo: [ @i | C]. for(i=A i<=B, i++) B;
See bel ow

to:do: and timesRepeat:

to: do: andti nmesRepeat : areinlined if the argument block isan immediate block.
For example,
| block |

block := 1 :i R I
start to: stop do: block

isnot inlined, meaning that the messaget 0: do: issenttost art (thisisuseful if you
want the loop to work on non-integers).

Example 1.

| b |
b:=1 :r|
Transcript show r printString; show '\n'.

].
Pl to: 2*Pl do: b.

works as expected.
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Example 2:

Pl to: 2*Pl do: [ :r |
Transcript show r printString; show '\n'.
].

raises a runtime exception.

to:by:do:
t o: by: do: isinlined if the following conditions are met:
¢ theblock isan inline block

¢ theincrement isan integer

Example:
The block below is not inlined:
Pl to: 2*PI by: 0.3 do: [ :r |

Transcript show r printString; show '\n'.

].

Boolean Expressions

Logical OR and AND
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Logical OR and AND expressions are part of the general control-of-flow statements. A
logical expression can be expressed intermsof i f True: andi f Fal se: statements.

The genera format is:
receiver or: [ statenments ].
Respectively

receiver and: [ statenents ].
The block is only evaluated if the receiver evaluates to false (respectively true).

The binary operators || and && can be used in lieu of or: and and:. The advantage of
the binary counterpart is that multiple expressions can be combined easily, without
resorting to enclosing parentheses.
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Arithmetic or Boolean OR and AND

These expressions have no incidence on the control-of-flow statements because both
parts of the message are always evaluated.
The genera format is:
receiver | argunent.
Respectively

recei ver & argunent

Examples
Given the hypothetical methods condi t i onX where X=A,B,C,D:

condi ti onA
Transcript show ‘A .
~true

condi ti onB
Transcript show ‘B .
~true

conditionC
Transcript show ‘C.
~fal se

condi tionD
Transcript show ‘D.
~fal se
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Source

Abstract

Categories

178

Smalltalk expression Transcript
self conditionA || self conditionB A

self conditionA || self conditionC

self conditionA | self conditionB AB
self conditionA | self conditionC AC

self conditionC || self conditionA
self conditionC | self conditionA

g 8

Management

Unlike most Smalltalk implementations, Smalltalk MT distinguishes between
development-time interfaces and runtime objects, in an effort to promote runtime
efficiency.

All source-code related objects are completely separated from the runtime objects. A
class, by itself, has no way of knowing the names of itsinstance variables, pool
dictionaries and other source-specific items. Source code information iskept in
instances of ClassDescriptor (for classes) and M ethodDescriptor (for methods).
These instances are stored in a memory-mapped file and loaded by the compiler.

Smalltalk methods are classified by categories. Each method descriptor has a pointer to
the category to which it belongs. Because a category is uniquein the system, it is
possibleto renameit.

Several reserved categories modify a method's properties.
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Table 3-12 System Categories
Category Description
CALLBACK Tells the compiler that methods of this category must be

DEBUG

EXTERN

| NTERNALDEV

present in the runtime image. Usually, methods such as
WM XXX messages, which are called indirectly, belong to
this category.

Methods under this category are stripped from a runtime
build in release mode. Typically, methods that perform
diagnostic tasks and assist in debugging are placed under this
category.

Tells the compiler that the actual code for the method is not
required. Typicaly, one-time initialization methods and
examples are stored under this category to diminish the
runtime requirements. Filing in such a method compiles and
installs the code. However, the code is not installed the next
time the image is compressed.

As the name implies, methods under this category are for
internal development purposes only and will not appear in a
final executable.

Export categories specify the calling convention that a method supports. Such methods
are directly callable from external code but not as Smalltalk methods from the image.
The compiler generates the appropriate entry and exit code so that the method can be
called by non-Smalltalk code. The return value must have an APl parameter
representation, otherwise a run-time exception will occur.
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Table 3-13 Export Categories
Category Description
CDECL The method implements the CDECL calling convention. The

EXPORT CDECL

W NAPI

EXPORT

Pool Dictionaries
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method is only included by the image builder if itis
referenced by code in the build, for example by using
met hodAddr essAt : .

The method implements the CDECL calling convention and
is exported. The image builder always includes methods
under this category.

The method implements the WINAPI calling convention. The
method is only included by the image builder if itis
referenced by code in the build, for example by using

nmet hodAddr essAt : .

The method implements the WINAPI calling convention and
is exported. The image builder always includes methods
under this category.

In Smalltalk MT, pool dictionaries define the constants used during the compilation. A
pool dictionary isa StringDictionary that associates a string with aliteral value (an
integer, afloat, string, character, or symbol). The compiler replaces each pool symbol it
encounters with the associated value, meaning that a pool dictionary is the equivalent of

anincludefilein C.

A class description includes a pool dictionary string that lists the pool dictionaries of
the class. When an identifier cannot be resolved into avariable or class, the compiler
scans the pool dictionariesin the order they appear in the class definition. If the
identifier still cannot be resolved, the search continues in the superclasses. In that sense,
pool dictionaries can be inherited.

With the Symbol Editor, you can edit pool dictionaries directly or by reading a C-style
includefile. A pool dictionary can be saved as afilein two formats: the Smalltalk file-
in format (. SMextension) and an include file format (. H extension).

Common pool dictionaries are:
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Table 3-14 Common Pool Dictionaries
Pool Dictionary Description
WinBaseConstants Corresponds to WINBASE.H and associated files.
WinCharacterConstants Defines common characters: Cr, Lf, Esc, etc.
WinErrorConstants Defines Win32 Error constants.
WinGDIConstants Defines Win32 GDI constants.
WinUserConstants Defines Win32 USER constants.
WinNetworkConstants Defines Win32 network related constants.

Conditional Compilation

Because Smalltalk MT uses an optimizing compiler, you can achieve the equivalent of a
conditional compilation with standard language constructs. If the left-hand side
expression of acondition evaluates to a Boolean, the compiler generates only the code
that is actually evaluated. For example, given apool constant FOO.

FOO==1 ifTrue: [ FOO] ifFalse: [ *nil ].

If Fooisdefined as 1, the code above is generated as:

A FQO
otherwiseitis

Ani

The code in the blocks can be of arbitrary complexity.
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Core Classes

Abstract

Smalltalk MT is designed to meet the demands for an object oriented development
system capable of producing high performance, small sized executables for the
Microsoftl] Windows[d family of Operating Systems.

The core classes satisfy the requirements for a small, low-overhead runtime system.

All language-specific concepts follow Smalltalk standards. Thisincludes collections,
behavior classes, streams, blocks, magnitudes, and other classesthat are related to
neither the user interface nor the operating system.

The design of the GUI classes leverages on Win32 programming expertise. The
framework preserves the overall structure of a Windows application, and the
experienced Windows programmer will find many similarities with C/C++. Thereis
always an obvious connection between a Smalltalk entity and an underlying Win32
object, and the class protocol preserves and extends the Win32 programming interface.
Some of the benefits of this approach are:

standardized APl interfaces are well documented, exhibit known behavior

.

¢ training and know-how are readily available

¢ application codeis easier to understand and debug
.

performance isincreased and code size reduced

Behavior Classes

Smalltalk is a class-based |anguage, which means that every object in the systemisan
instance of some class that defines its behavior. Moreover, every entity known to
Smalltalk is an object, which implies that classes are also instances of a class, called
M etaclass, itself an instance of M etaclass class. Behavior defines the relationship
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between instances of a class and the classitself. In particular, Behavior implements
object creation methods (new, new: , basi cNew, basi cNew: , and so forth).

Class implements the methods that create Smalltalk classes. The methods based on
vari abl eByt eSubcl ass: create avariable byte subclass. Only classes without
instance variables can create byte subclasses (the contents of an abject are either
pointers or bytes, but not both).

Collections

A collection contains other arbitrary objects. All collections derive from class
Collection, an abstract class that defines common collection methods (note that not all
collections support all operations):

a collection operations
=  concatenating two collections
= converting a collection to another collection
» jterating over the collection
O element operations
» adding and removing elements
» jterating over the collection

= accessing an element

Collections can be categorized into hashed and sequenceable collections. Hashed
collections are unordered, and elements are accessed using a key. Sequenceable
collections access el ements using an index (an integer between 1 and the size of the
array). Theindex defines an implicit order.

Table 3-15 Collection Classes Overview
Class Description
Array Fixed size array of Smalltalk objects.
ByteArray Fixed size array of bytes, expressed as integers.
IdentityDictionary Variable size, hashed Collection that stores key-value pairs.

The keys can be arbitrary objectsthat are used to access the
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values. Keysare compared using identity (==).

MappingTable Variable size, hashed Collection that stores key-value pairs.
The keys can be arbitrary objects that are used to access the
values. Keys are compared using equality (=).

OrderedCollection Variable size, indexed collection of Smalltalk objects.

SequenceableCollection Abstract superclass of collections whose elements are
accessed by index.

Set Variable size, does not store duplicates (hashed).

SortedCollection Variable size, indexed, sorted according to a sort block.

WordArray Fixed size array of 32 hit quantities, expressed as integers.

Collection

Collection is an abstract class that defines the access protocol of collections.

Access protocol
Table 3-16 Collection Access Protocol
M ethod Description
species The species of acollection is used to store elements of the receiver. By
default, the speciesis an OrderedCollection.
Table 3-17 Collection Enumeration Protocol
Method Description
collect: Answers a new species of the receiver that contains the result of
evaluating a block with each element.
detect: Answers the first element for which ablock evaluates to true, or nil if
no such element has been found.
inject:into: Repeatedly evaluates a block with the result of the previous evaluation
and elements of the receiver.
reject: Creates a species of the receiver that contains the elements for which a

block evaluates to false.

184



Core Classes

select: Creates a species of the receiver that contains the elements for which a
block evaluatesto true.
Table 3-18 Coallection Operations Protocol
Method Description
addAll: Adds all elements of a collection to the receiver.
remove: Removes an object from the collection and answers the removed

remove:ifNone:

object. If the object is not in the collection, raises an exception.

Removes an object from the collection and answers the removed
object. If the object is not in the collection, answers a the second
parameter.

removeAll: Removes the elements of a collection from the receiver.
Table 3-19 Collection Testing Protocol
Method Description
includes: Answerstrueif the receiver contains an element equal to a specified
object.
isEmpty Answerstrueif the receiver contains no elements.

MappingTable

A MappingTable stores arbitrary key - value pairs. A value can be looked up
efficiently given itskey. A M appingT able grows as required to accommodate more
elements. It is possibleto iterate over the values only, or over the key - value pairs, by
using the standard collection protocol with either respectively a one-argument block or
atwo-argument block.

Table 3-20 M appingT able Access Protocol
Method Description
at: Answers the value stored at a specified key. Raises an exception if the

key is not present.
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at:ifNone: Answers the value stored at a specified key. If the key isnot present, it
answers the second parameter.

This allows the caller to simultaneously look up a key and test whether
akey is present in an efficient manner. For example:
(aMappi ngTabl e at: aKey ifNone: nil) isNil ifTrue: [

* key is absent *

1.

The codeis functionally equivalent to the method at : i f Absent : ,
which executes a block when the key isnot found (at : i f Absent :
isnot part of the core methods). However, at : i f None: ismore
efficient because the test isinlined.

keyAtValue: This method answers a key that corresponds to a specified value. The
implementation performs alinear search in the collection of values. It
answers nil if the key is not found. If there are several values that are
equal to the given value, it answers the first value encountered.

keys Answers an Array with all the keys contained in the receiver.
size Answers the number of key-value pairsin the receiver.
values Answers an Array with all the valuesin the receiver.
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Table 3-21

M appingT able Enumeration Protocol

Method

Description

do:

inject:into:

keysDo:
select:

IdentityDictionary

Evaluates a specified block.

If the block is aone-argument block, it is evaluated with each valuein
the MappingTable.

If the block is atwo-argument block, it is evaluated with each key and
value in the MappingTable.

Repeatedly evaluates a block with the result of the previous
evaluation.

If the block is atwo-argument block, it is evaluated with each value
and the previous eval uation result.

If the block is a three-argument block, it is evaluated with each key,
value, and the previous evaluation result.

Evaluates a block with each value in the MappingTable.

Creates a collection that contains the elements for which a specified
block evaluatesto true.

If the block is a one-argument block, creates and answers a species of
the receiver that contains the values for which the block evaluates to
true.

If the block is a two-argument block, creates and answers a
MappingTable that contains the keys and values for which the block
evaluatesto true.

An I dentityDictionary compares keys using identity rather than equality. Since an
I dentityDictionary compares symbols using their integer value instead of identity, it
can be used with symbols aswell.

OrderedMappingTable

An OrderedM appingT able keeps track of the order in which elements are added.
Iterations are performed in the order of the elements.
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Example:
| ont |
om := OrderedMappi ngTabl e new.
omt at: 'def' put: 456;
at: 'abc' put: 123;
at: 1@ put: 789.
omt keys

2> OrderedCol | ection('def' "abc' 1@ )
StringDictionary
A StringDictionary uses string keys. Otherwise, it behaves like aregular
MappingTable.

StringTable
A StringTable compares keys using case-insensitive comparisons.

Example:

| stable |
stable := StringTabl e new.

stable at: 'abc' put: 123.
stable at: ' ABC
> 123
SystermDictionary
A SystemDictionary uses integer or symbol keys. Internally, symbols are converted to
their integer identifier.

SequenceableCollection
SequenceableCollection is the abstract superclass of collections that can be indexed.
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Table 3-22 SequenceableCollection Access Protocol

Method Description

first Answers the first el ement.

indexOf: Answersthe index of an object. The implementation performs

alinear search using equality. Variations of this method are
i ndexO : before: andi ndexOF : starti ngAt: .
If the object is not found, the method answers zero.

indexOf Subcollection: Searches the receiver for a subcollection. Answers the index of
the subcollection or zero if not found.
last Answers the last element.
Table 3-23 SequenceableCollection Copying Protocol
Method Description
copyFrom:to: Answers a species of the receiver that contains arange of elements.
copyWith: Creates a species of the receiver, adds all elements and appends a
specified object.
Table 3-24 SequenceableCollection Enumeration Protocol
Method Description
reverseDo: Evaluates a specified block with each element of the receiver in
reverse order (i.e., starts with the last element and finishes with the
first).
intersect: Answers the intersection of the receiver and a specified collection (i.e.,

a species that contains elements that are in both collections).

replaceFrom:to:with:  Replaces arange of elements with elements of a specified collection.

Array
An Array isafixed-size collection that stores objects. It is the simplest and most
efficient container.

WordArray
A WordArray is abyte object that stores 32-bit values.

ByteAray

A ByteArray is abyte object that stores bytes.
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String

Interval

String isthe abstract superclass of StringA, which represents null-terminated ANS
strings, and StringW, which represents null-terminated Unicode strings.

Interval represents a mathematical integer interval. It is composed of abeginning, an
end, and an increment number that characterizes the progression.

OrderedCollection

An OrderedCollection is an indexed collection that can grow to accommodate more

elements. The elements remain in the order in which they have been added. Itis
possible to remove and insert elements.

SortedCollection

SortedCollection isan OrderedColection that sorts its elements according to a sort
block. Each time an element is added, it isinserted at the position that correspondsto its
sorting index.

Note

It is more efficient to sort an unsorted collection of elements using qui ckSor t : , rather than adding them one by
one to a SortedCollection.

Stack
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A Set isahashed collection that does not allow duplicates. The elements of a Set are
unordered.

Example:

| set |
set := Set new.
set add: 'abc'; add: 'def'; add: 1@; add: 'abc'.
set
2> Set (1@ 'abc' 'def' )

A Stack isan ordered, growable collection that accesses elements using stack
operations such aspop and push: .
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Number Classes

Integer

Magnitude classes implement double dispatching, which routes the message to the
argument if it ismore general. In addition, the following messages are equivalent:

Table 3-25 Arithmetic Message Equivalence
M essage Equivalent message

a+b b+a

a-b a+ (b negated)

a*b b*a

Integer instances are signed integer quantities up to 64 bit. A special representation is
used for integers between -1073741822 and 1073741823, as these integers are
represented by value rather than by pointers as usual. All other integers up to 64-bit
signed quantities are represented by instances of L ar gel nteger. The system converts
automatically back and forth between the two representations.

When passed as an APl parameter, | nteger instances are automatically converted to a
32-bit value.

By default, a L argel nteger overflow creates a floating-point value. The behavior is
implemented in the message _over f | ow, and is customizable.

Some messages specifically target 32-bit integers, as depicted in the table below.

Table 3-26 32-bit Manipulation M essages
M essage Description
not 32-bit complement
extendByte Sign-extends the low byte of an integer.
unsigned Converts a 32-bit value into an unsigned integer.

Signed and unsigned integers

The distinction between signed and unsigned integers is a matter of interpretation. The
underlying format used by the hardware encodes both signed and unsigned quantities as
32 bit words. Signed integers have the highest bit set, therefore an integer with bit 32 on
can beinterpreted as both a signed and an unsigned quantity. The message unsi gned
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converts a 32-hit integer to unsigned format, if applicable. Thisis equivalent to an
(unsigned) typecast in C.

The conversion to an unsigned integer is only necessary when comparing two entities.
The effect of the conversion can be that a Smalllnteger gets converted to a

L argel nteger, such asin:

-1 unsigned

BExtracting 16-bit words
Table 3-27 Extracting 16-bit Words
M essage Description
hiword Extracts the high 16-bit words and returns an unsigned integer.
ihiword Extracts the high 16-bit words and returns a signed integer.
loword Extracts the low 16-bit words and returns an unsigned integer.
iloword Extracts the low 16-bit words and returns a signed integer.

The code fragment illustrates the difference between the signed and unsigned variants:
| i
i 1= Integer loword: -23 hiword: -50
i loword @i hiword
> 65513@2718
i iloword @i ihiword

2> -23@50

L argel nteger instances can be passed as pointersto an APl but must be normalized
after use because the system primitives do not expect asmall integer valuein a
L argel nteger instance, asin the example below:
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Radix Nurmbers

Float

Example:
| counter |
counter := Largelnteger new.
W NAPI Quer yPer f or manceFr equency: counter basi cAddress.
counter + 0 " answers a nornalized integer "

Integers can be represented in bases other than 10. The format is nrp, where nisthe
number base and p the number, encoded using numbers and letters. Acceptable letters
areintherangeato z or A to Z, therefore allowing bases between 2 and 36.

Instances of Float represent a 64 bit floating point number in double precision |IEEE
format (Institute of Electrical and Electronics Engineers), which corresponds to the long
doubletypein C.

The floating-point library uses the arithmetic coprocessor instructions, which are
performed on 80 bit values. Y ou can set the control word of the coprocessor, which
gives you control over how overflows, exceptions, rounding and precision is handled.

Using floats in API calls

The API parameter descriptions support double, which denotes a 64-bit floating point
value passed by value, float for 32-bit floating point values, and &, which forces the
parameter to be passed by reference.

Table 3-28 Floating Point Formats under Windows NT / 98
C type Parameter type length (bits)
float [in] 32
float [out] FP(0) (80 hits)
double or long double [in] 64
double or long double [out] FP(0) (80 hits)

FP(0): theresult is returned on the top of the floating point stack registers. Internally, all computations are done in 80-bit
precision. This does also imply that all floating-point types actually refer to the same value; conversions (if any) are
performed by the caller.

Smalltalk MT always uses 64 bits for Float instances. The default APl parameter
representation is a 32-bit value (i.e., a C float). If afunction accepts double parameters,
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it is necessary to define the parameters using the API editor. The format of the
parameter field is:

[Array] (P P2 ... Pn)
where Array isoptional and p; defines the encoding of the parameter at positioni.

Table 3-29 Parameter Typesin the API Editor

Parameter encoding Action

0 or float Convert the parameter to its default C representation and push
resulting 32-bit value.

n Pass a multi-byte value: the parameter is a byte object from
which n bytes are pushed onto the stack. n must be a multiple
of 4.

double Pass a Float by value, meaning that 8 bytes are pushed.

Equivaentton = 8.

& Pass an object by reference. The address of the object is passed
asis, without conversions taking place.

C Float Parameter types and how they are passed

Table 3-30 Passing C Floating Point Parameters
C Parameter type Parameter passing length (in bytes)
float By value (default) 0 (push immediate value)
or
float
double or long double By value 8 (push 8 bytes)
or
double
float* Address &

Instead of using &, you can declare the default type (0) and pass the address of the
parameter (see the example below).
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Example 1
Given the following function:
float WNAPI testFloat(float f, double fd, double *pf)
{
return 2.3;
}
The declaration in the API editor is:
ltem Value
Return value Float
Number of arguments Fixed
Parameters (float double &)
Calling convention WINAPI
And you call the function using:
myFloat := WNAPI testFloat: fpl with: fp2 with: fp3.
where fpl, fp2 and fp3 are floating point values (they can also be literals).
Notethat (f| oat doubl e &) isequivalentto(0 double & and(0 8 &).
Example 2
For the following parameter declaration:
Params = (float double 0)
the function isinvoked using:
myFloat := WNAPI testFloat: fpl with: fp2 with: fp3 basi cAddress.
In this case, reference passing is enforced at the source code level.
Streams

Class Stream is the common superclass of all streams. It allows to stream over an
indexable collection. An instance of Stream contains:

¢ Thecollection it is streaming over
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+ A position variable that holds the current position, an integer between 0 (the stream
is set to the beginning) and the collection's size (the stream is set to the end).

The table below lists some subclasses of Stream.

Table3-31 Stream Subclasses

Stream subclass

Description

TokenStreamA

FileStream
(File)

MemoryStream

M appedObj ectStream

Buffered Streams

Streams over a byte array and fetches token. The delimiters are
adjustable.

TokenStreamA can be used to parse an expression.
Streams over afile, seen as a succession of bytes.
Use FileStream to access afile sequentially.

Streams over a memory segment, seen as abyte array. Use
MemoryStream to map the contents of afile to memory and
accessit randomly.

Maps objects into the address space of the process. Although it
is a subclass of MemoryStream for implementation reasons, it
isnot per se astream.

Because FileStream is not buffered, it is rather slow when accessing individual
elements. In addition, certain operations are not supported.

IOStream and IOWdeStream
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|OStream is a buffered file stream that operatesin either binary or text mode.
|OWideStream is a buffered double-byte stream that reads and writes wide character

strings.

Asthe name implies, both streams are based on C runtime streams. A substantial benefit
isthat they can operate on non-file devices and be used whenever aC streamis
expected (such as with printf or scanf functions). In addition, | OStream and
|OWideStream implement all stream operations.
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» Whento use

FileStream implements a lightweight interface to aWin32 file object, M emoryStream
interfaces a memory-mapped file, while |OStream and | OWideStream are buffered
file streams that can be used in traditional ways, as both binary and text streams.

String Classes

Smalltalk MT has been designed to use either Unicode or ANSI asits default character-
encoding format. Class String is the abstract superclass of StringW (wide character
encoding) and StringA (single-byte encoding).

The string creation methodsin String return StringW or StringA instances based on
the default encoding of the image.

Both single-byte and double-byte characters are represented by instances of Char acter.

Internal representation

All stringsin Smalltalk are zero-terminated in order to be compatible with C-based
code.

Comparing Strings
The standard string comparison routine uses the Win32 API | st r cnp. Thisfunction
uses the locale to perform aword-based comparison of two strings.

String

String implements the standard Smalltalk string interface.

StringW

A StringW is aUnicode string in the sense of Win32 (it aso includes the terminating
NULL wide character).
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StringA

Symbol

StringA isthe classfor ASCII strings. Like its Unicode pendant, it is zero-terminated
and implements the standard string interface. Its el ements are instances of Char acter.

Symbol represents Smalltalk symbols. Symbols represent strings by unique identifiers,
which avoids string duplication and simplifies symbol comparisons. Symbols are stored
in SymbolTable, an instance of ST SymbolTable.

It is strongly recommended that applications do not use the symbol-string conversion
methods, as this requires the symbol table to be present in the runtime image. Shipping
the runtime system without the symbol table greatly reduces the size of the executable.

System Classes

Multiprocessing Classes

Smalltalk MT provides extensive multithreading capabilities based on the Win32 API.
For example, multithreading can be used to spawn several unrelated applications that
respond independently to user interaction. An application can create any number of
threads, and use Win32 synchronization objects to control their execution.

Theinternal system architecture is reentrant and multiprocessing safe. The automatic
memory management runs in a separate thread and preempts garbage-collected threads
to scan their memory.

Processes and Threads
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Unlike traditional implementations, Smalltalk MT does not have its own processing
model. Instead, a Smalltalk process (we call it thread) runs always as a native thread.
Also, there are no restrictions on what can be done in athread.

Class ApplicationPr ocess has one single instance, Processor, to represent the current
process. It implements the startup methods and the Win32 entry point.
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There are at least three running threads at any time. Thread #0 is the main thread and
runs the user interface, thread #1 runs the garbage collector and thread #3isa
management thread that is usually only waiting on a set of eventsto occur.

Y ou create athread by either sending f or k to ablock or athread creation method in
WinThread. The latter creates an instance of WinThread to represent the thread
object.

A thread can be exited implicitly by transferring control to the caller or explicitly with:

Processor exitThread: exitCode.

Synchronization

Blocks

Synchronization objects inherit from SyncObject. All subclasses of SyncObject map to
native Win32 synchronization objects. Y ou must always close a synchronization object
explicitly, except in the case of aWinThread object obtained through f or k.

Critical Section instances correspond internally to aWin32 critical section object. A
Critical Section ensures that the code section it protectsis used only by one thread at a
time. Critical sections are faster than semaphores.

Semaphor e maps internally to a Win32 semaphore. A Semaphor e contains a counter
that may vary between zero and the Semaphore's maximum count. The counter defines
how many threads at atime may enter the semaphore.

Table 3-32 Semaphore States

State/Function Effect Comments

Signaled count > 0 A waiting thread is released.
Release count := count + 1

Wait count := count - 1

WinThread instances correspond internally to a Win32 thread object. A WinThread
object is returned from one of the thread creation methods (f or k, fork:, or

W nThr ead>>cr eat eThr ead: ). A thread isawaitable object that attains a
signaled state after completion.

Each f or k message rel eases the thread handle when the thread exits. If the application
must wait for thread completion, it is more appropriate to use cr eat eThr ead.

A Block object is created during the execution of a method and contains a series of
statements bound to be executed when the block is evaluated or invoked by an external
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Exceptions

API function. Block statements, which are delimited by square brackets, are executed in
the context of the defining method and have accessto local variables and arguments of
the method. The block may contain a method return statement, which returns from the
method context provided thisis still possible (otherwise, it raises an exception). Blocks
can be nested and have an arbitrary number of block arguments.

Blocks can be called by non-Smalltalk code (e.g., a C callback). See also Blocks on
page 166 for more information.

Instances of WinException hold the exception information available to afilter block. It
copies the information pointed to by the exceptionPointer s parameter to safe storage,
making it available for subsequent use by the handler block.

Aninstance of WinException contains two structures. a context record that contains
the thread's context at the time the exception occurred, and an exception record with
the exception code, flags and an array of optional information.

See a so Exception Handling on page 387.

Memory Structures

Abstract

Struct Classes
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Any code that interfaces with the host operating system s likely to manipulate C
structures. This section shows you how to define and use structures from Smalltalk.

Just asin C, you can reference a structure by pointer or by value. The advantage of a
pointer isthat it is more efficient in terms of storage, and there is no memory transfer to
initialize a structure. Sometimes, it is necessary to use a pointer because you must work
on the same memory and not on a copy.

Struct isthe common superclass of classes that model structures of 32 bit elements. It
has two class instance variables, readAccessor s and writeAccessor s, which associate a
symbol (the name of afield) with its position (offset) and size. Subclasses of Struct
initialize these variables. To query and retrieve afield, an application sends a message
with the symbol of the field as selector.

The advantage of thisimplementation isthat it is easily generated from the C
declaration, it can be reused by instances of Pointer, and it requires less code than a full
implementation using individually tailored methods. The compiler has code that
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manages the structures and lets you browse the field symbols (finding the senders
and/or implementors of a symbol).

Initializing Accessor s

The structure fields are initialized with the following messages:

Table 3-33 Struct Initialization Methods

M essage

Description

addA ccessor: size:

addA ccessor: size: hits:

addA ccessor:type:

addA ccessor:type:size:

addUnion:

Defines the position and size of a structure field. The first
argument is the field name, a symbol, the second isthe sizein
bytes of the field. The order of the messages defines the
actual offset.

Definesthe integral position and size as well as the number of
bits. The first argument is the field name, a symboal, the
second isthe size in bytes of the integral field, and the last
defines the number of hits. The order of the messages defines
the actual offset. Bit fields are compacted according to the
samerulesasin C.

Note: If the last field is a bit field, the accessors must be
finalized by adding a nil accessor with a zero size.
sel f addAccessor: nil size: 0

Defines the position and type of a structure field (see below).

Defines the position, type, and size of a structure field. The
type information is used in inline structure accessors. Please
refer to the online documentation for more information about
inline structures.

Defines a union of symbols that access overlapping memory
areas.

The argument is an array of elements, where each element
can be an array or asymbol (that identifies afield), followed
by the size of the field.

For example, PROPSHEETHEADER USES:

addUni on: #(
hlcon 4
pszlcon 4);

sothat hl con and psz| con point to the same location.

Setting and Retrieving Values
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What follows appliesto regular structures. Inlined structures are accessed differently,
according to the field type.

When you send afield symbol to an instance of Struct or Pointer, the return value
depends on the field size and can be one of the following:

Table3-34 Retrieving Struct Fields
field size Return Value
1, 2, 4 bytes An Integer. To convert asigned integer (which is the default)
to an unsigned, use the message unsi gned.
N > 4 bytes The address of the field. For example, | f FaceNane in
L OGFONT returns the address of the font name, so you can
use

String fromAddress: |f |fFaceNane

to retrieve the string.

Table 3-35 Setting Struct Fields
field size Description
1, 2, 4 bytes The argument to the method is converted to araw 32-bit value

with _asCi nt eger beforeit isstored at the field location.

N > 4 bytes The argument to the method is converted to araw 32-bit value
with _asCi nt eger.

Theresult isinterpreted as the address from which n bytes are
copied.

Pointer
Instances of Pointer can access a structure given its address in memory. Y ou do not
usually create a Pointer subclass for each structure, instead you create a pointer that
uses the definitions of a Struct subclass. Once created, a Pointer instance can be used
like instances of its associated Struct subclass, with the notable exception that it cannot
respond to messages defined in the Struct class. If you need such functionality (for
example, setting a string field and its associated size field at once), you must program it
in the client, create a specialized subclass of poi nt er, Or Not use a pointer at al.

Y ou can skip to the next structure pointed to by a Pointer with the message skip. If the
pointer is bounded, it will not point beyond the last structure. Y ou create a bounded
pointer by sending the message asPointer to a structure array (which is created by
sending new: to the structure class).
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ciapTER4 T heWindow Framework

This chapter discusses Win32 programming topics. Thisfirst part is an overview that
discusses Windows messages, message loops and events.

The second part, The GUI Framework, presents the Windowing framework in more
detail.
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Overview

Smalltalk MT implements a flexible framework for processing notifications and events.
Class WinEventHandler isthe abstract superclass of classes that process and forward
events. A classinstance variable in WinEventHandler associates each handled event
with a selector to invoke.

Class Window implements Windows message handling. Subclasses implement
specialized processing for particular GUI elements, for example top-level (frame)
windows, menus, and dialog boxes.

Windows Messages

Windows messaging architecture

The operating system generates Windows messages when user interface events occur,
and more generally to communicate with an application.

The message punp
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Most messages are not directly sent to awindow, but are first placed into a queue. Each
thread that uses windows must implement a message loop to retrieve and dispatch
Windows messages. Class WinApplication implements a default message loop. Itis
normally not necessary to re-implement the default loop.

Method W nAppl i cat i on>>get Message returns the currently processed message
structure. A possible useisto allow achained event handler to retrieve the parameters
of the current Windows event. It isaso used in some OLE APIs such as DoVer b.

Note

Modal dialog boxes have their onn message pump (implemented by \WWindows). Therefore, the regular message loop
is not called and accelerators not processed while a modal dialog is open.
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The window procedure

The messages are processed in awindow procedure, which defines the behavior of a
window. The window procedure can call a default procedure implemented by Windows
to handle the messagesit is not interested in. To create awindow with a given window
procedure, an application must first register it with Windows. Registering entails
associating awindow class name (a string) with attributes such as the window
procedure and optional icons, background brushes and styles. Once awindow class has
been registered, it can be instantiated by specifying the registered window class namein
thecr eat eW ndow. message.

Implementing a custom window procedure

In some cases, it is necessary to implement a customized window procedure. Thisis
done by re-implementing the exported class method WhdPr oc: wi t h: wi t h: wi t h:
in the subclass of Window that uses this procedure.

The different steps that make up the life of awindow are outlined below:

¢ When aSmalltalk window is registered, it reserves a4-byte areain the window data
area

¢ Thewindow creation method passes the address of the window object as parameter
to the CreateWindow function.

¢ Thewindow procedure traps the WM_NCCREATE message and sendsit to the
window object. Thel par amparameter of the WM NCCREATE message points to
the extra creation parameter passed to Cr eat eW ndow, whichisin fact the
address of the window object.

¢ Thedefault implementation of WM _NCCREATE callsr egi st er Obj ect to
ensure that the object is not garbage collected.

¢ Thewindow procedure reads the value of the user datafield.

» If itiszero, the window has not been initialized yet and it either processes a
WM NCCREATE message or directly calls the default window procedure.

» Otherwisg, it checks whether the window object implements the method that
corresponds to the Windows message.

» If the method isimplemented, it sends the message (VWM _XXX: wi t h: ) to
the object.

» Otherwise, it sendsdef W ndowPr oc: wi t h: wi t h: to the abject.

¢ Finally, the default implementation of WM _NCDESTROY: wi t h: releasesthe
object withr el ease(bj ect and setsthe user datafield to zero.
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Remarks
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A generic implementation of awindow procedureis:

WhdProc: hWwhd with: nsg with: wparamw th: | param

Private - The default w ndow procedure.

Remar ks:

We receive a bunch of WM XXX before the WM NCCREATE (i.e., before
the WM CREATE). Those are passed right away to the default w ndow

procedure.
| pOoj wObj selectorld |
pOoj = WNAPI Get WndowLong: hWhd w th: GAM_USERDATA.
poj ~~ NULL ifTrue: [
" pbj is the address of the w ndow object "
wObhj := pObj _asObject.
selectorld : = msg <= WnMessages size ifTrue: [

W nMessages at: nsg.

i fFal se: [
W nMessagesEx at: nsg ifNone: #def WndowProc:w th:w th: aslnteger.

(Mj respondsTo: selectorld) ifTrue: [
"wWObj __perform selectorld with: wparamwi th: | param

i fFal se: [
Awbj def WndowProc: msg with: wparamw th: | param
].

1.

nsg ~~ WM NCCREATE i f True: [
AW NAPI Def W ndowProc: hWhd with: nsg with: wparamw th: | param
].

" Filter the WM NCCREATE nessage.

" I param points to the object

wlbj := (MenoryManager atAddress: |param _asObject.
wlbj handle: hwhd. " first set the wi ndow handle *
AwObj WM _NCCREATE: wparam wi th: | param

¢ The association between Windows messages and selectors is done in the class
variablesW nMessages and W nMessagesEx. Thefirstisan Array that
contains the Windows messages between 1 and 1000. The message |ookup routine
simply uses the Windows message as an index into the array. W nMessagesEx
contains a M appingT able that associates the messages that are not within the range
of the previous array with selectors.

¢ Theactua implementation is optimized. Message |ookup takes place in
W ndow>>| ookupMessage: i n: . If successful, the return valueis the address
of the method to call. If thereis no corresponding method, the return valueis zero.
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Using windows
A Smalltalk Window instance can either implement awindow procedure or merely
encapsulate awindow. In the first case, it receives WM XXX messages and is responsible
for the window’ s behavior, otherwise it offers merely an interface through which the
window can be manipulated. The latter isthe case of al predefined Windows controls
such asListBox.

Processing Messages

Class Window implements the basic functionality for managing windows in the class
method WhdPr oc: wi t h: wi t h: wi t h: and the instance method

def W ndowProc: wi t h: wi t h: . To process agiven window message, simply add a
method with the derived Smalltalk selector in the window, and it is called
automatically. For example, implement W _QUERYDRAG CON: wi t h: to processthe
WM QUERYDRAG CON message in your window.

User messages (i.e., messages that are not predefined by Win32) can be processed in the
def W ndowPr oc: wi t h: wi t h: method.

To process awindow message named VWW_XXX, implement a method named
VWM XXX: wi t h: . WM XXX can be any window message below VW _USER.

In general, an application returns zero if it processes a message, any other valueto
indicate that the message has not been processed. It is often necessary to pass the
window message to the default window procedure, in this case use:

sel f def WndowProc: WM XXX with: wparamwi th: | param

Processing WM_USER Messages

As mentioned above, only non-user messages are handled by the automatic message
lookup procedure. WM USER messages can be handled by re-implementing method
def W ndowPr oc: wi t h: wi t h: . Check thefirst parameter against the message that
you wish to process, and do not forget to call the default procedure after you are done.

Message Translation

The application’s message loop isimplemented in W nAppl i cat i on>>r un. After
retrieving a message from the queue, it sends the Smalltalk message

#preTransl at eMessage: to the active top-level window object. This givesthe
window an opportunity to perform window-specific accelerator trandation. If the
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window returns FAL SE, the message is further processed by calling the Windows
functions Tr ansl at eMessage and Di spat chMessage.

Asynchronous and Idle Processing

Abstract

Anidle event occurs when the window message queue for the current GUI thread is
empty. An application can choose to perform certain low-priority tasks such as updating
atoolbar during an idle event.

Idle processing

When there are no more messages in the input queue, the framework calls the method
onl dl e in WinApplication. The default implementation of onl dl e processes
asynchronous messages (see below) beforeit callsonl dI e on each top-level window
created by the current thread. The default implementation of onl dl e in
FrameWindow updates atoolbar, if oneis present.

Asynchronous processing
It is possible to define messages (instances of M essage) or blocks that are executed on

each idle event. An applications adds a handler block to be executed asynchronously
with addl dl ePr oc: andremovesitusingr enovel dl eProc: .

The method asyncPer f or m in WinEventHandler executes a handler exactly once.
It can be used to defer the execution of ablock or M essage instance. Deferred
execution can be useful under some circumstances to work around GUI synchronization
issues.

Note that thisisthe only place in Smalltalk MT where asynchronous processing occurs.
All other processing always occurs synchronously, in response to a Windows event or
callback.

Limitations
Idle events are pure GUI events that occur very frequently, so idle handlers should not
perform CPU-intensive computations because the user interface will be frozen in the
meantime. An idle event runsin the GUI thread at that thread' s priority, meaning that
an idle handler may starve low priority threads in the system. The main advantage of
idle processing isthat it occursin the GUI thread, so it isagood place for updating a
toolbar or other user interface el ements.
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For background tasks that do not use the GUI, it is better to use a separate thread that
runs at alow priority (for exampleidle priority).

GUI Multithreading issues

Events

Many methods are based on the SendMessage API. When called from athread that
did not create the receiver window, the function synchronizes the call by waiting until
the window thread pumps its message loop (i.e., calls PeekMessage, Get Message
or Wai t Message). In the meantime, the calling thread blocks.

This raises two issues;

¢ Cadling SendMessage (directly, or indirectly by using awrapper method) incurs a
significant overhead. On the other hand, methods that are based on SendMessage
are thread-safe.

¢ A deadlock occursif the window thread is blocked.

Note that a RichEdit control thread must not be blocked (this is the reason why the
debugger usesregular Edit controls).

See Also: Win32 SDK Knowledgebase, PSS |1 D Nunber: Q95000

Events are the glue that binds together the components that make up the user interface
of an application. In most cases, events are triggered by some user action.

Some Windows events require a return value, while others simply notify the
application. The event handling mechanism allows an application to step out of the
event handling chain and return avaueto the caler.

The event routing facility leaves the devel oper with the choice of where to implement
application functionality. This encompasses the following options:

¢ Create aspecialized Control subclassto display or edit custom data. For instance,
ClassHierarchyView displays a class hierarchy.

¢ Create aFrameWindow subclass to manage atop-level window and handle
specific events. Most top-level windows in the development environment are built
thisway.
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¢ CreateaWinApplication subclass that handles application startup and exiting, and
processes general events. For example, DevelopmentEnvironment handles general
eventssuch as#i nspect,| D_FI LE_| NSTALL, etc.

¢ Use adocument-based architecture.

Table 4-1 Event Terminology
Term Meaning
Notification message Win32 message sent through a VWM COMMAND or

VWM _NOT| FY message. The framework translates
notifications into events.

Event An event isidentified by an integer that corresponds to the
original notification code or a symbol if Smalltalk generates
the event. Common events are menu commands, control
notifications, and symbolic events such as#si ze,
#creat e, #cl ose aso.

Event Handler An event handler isinvoked whenever a specified event
occurs, or aspecified event occurred in a given child control.
The handler can be a selector invoked in the receiver, or a
block in the case of instance handlersin FrameWindow.

Handlers accept 0, 1 or 2 arguments.

Events are either sent through VWWI_ COVIVAND and WM _NOT| FY messages or created by
the FrameWindow instance (for instance, the event #cl ose is generated when a
FrameWindow is closed). Assuch, acommand consists of anid (such asamenu
identifier) or acombination of an id and a notification message sent by a control. The
callback is an object to which the message #val ue: issent; usually a M essage
instance or ablock. The consequenceis that command processing is not confined to a
unique object, but can be distributed over several specialized model objects.

The framework uses several predefined identifiers to provide default behavior, for
example opening afile. These ids are defined in the pool dictionary
St Resour ceConst ant s.

FrameWindow extends the event handling mechanism with a more complex
dispatching algorithm that includes the ability to define instance-specific handlers. The
instance handler map is created dynamically. It associates events with ablock, a
message, or a selector to invoke in the receiver. Because blocks and messages can route
to arbitrary objects, instance handlers provide maximum flexibility.
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The sequence below depicts how events are handled in FrameWindow.

1
2.

An event is received (user interface notification or user event).
The event is dispatched to a child control according to the following algorithm:

» If theevent isanotification and if the window from which the notification
originates is a child control, a new event is created from the notification code
and it is dispatched to the control.

» If achild control has the focus, the event is dispatched to the active child
control.

If the event was dispatched and the result is an integer, the event handler chain
stops and returns the 32-bit integer to the caller.

If an instance handler is defined for the event, the handler processes the event,
otherwise event forwarding continues.

The event is dispatched to the class handler. If the result is an integer, the event
handler chain stops and returns the 32-bit integer to the caller.

The event is dispatched to the owner.

This architecture has the following benefits:

¢

¢

Control notifications are redirected to their Smalltalk counterparts.

The behavior can be changed dynamically at runtime by using instance handlers.
Instance handlers and override the default class handler.

Events are routed to the owner of aframe window. Thisleavesit up to the
application developer to decide where to implement functionality.

Note

Only one child control at a time processes the event. This avoids conflicts between event handlers; for exanple two
edit controls bath trying to update a menu or toolbar.

Examples.

L4

Edit installs handlers for standard edit commands such as| D_EDI T_COPY,
| D EDI T_PASTE and so forth, aswell as for the Smalltalk-generated event
updat eConmandUl .

CodeEdit adds a handler for the notification EN_MSGFI LTER.
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The GUI Framework

Windows Events

Overview
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In the GUI event model, the primary task of an application isto respond to user actions.
All user actions result in window messages (VW_XXX) being sent to the windows that

belong to the application. The window procedure of the window calls the corresponding
Smalltalk method (WM_XXX: wi t h: ) if isimplemented, otherwise the default window

procedure isinvoked.

Certain messages (such as \WWM_COMVAND and VWI_NOT I FY) are translated into events.
A chain of event handlers processes the events: the frame window, child windows, and
the owner of the frame and so forth. Each event handler can return avalue or pass the

event to the next handler.
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Static Handlers

Figure4-1 Event Handler Chain
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Handlers

The framework in WinEventHandler defines static handlers. The handler consists of a
map that associates an event identifier with a selector bound to be executed in the
instance. The handler is defined once when the classisinitialized, hence the name static
handler.

The implementation |ets you define handlers naturally, using

when: sonel D perform #soneMet hod;
or

when: sonmelDin: ctrlID perform #someMethod;

where sonel D defines the Windows notification, ct r | 1 D designates a control
identifier, and #someMet hod is aselector that accepts zero, one or two arguments.
The arguments that are passed to the method are specific to the notification. Each event
has two associated arguments, but a handler can choose to process less.

Instance Handlers

Subclasses of FrameWindow can define instance handlers, which are defined on a per
instance basis. A handler can be a message or a block (again with zero, one or two

215



Chapter 4 The Window Framework

arguments). Instance handlers are more flexible because they alow you to attach
arbitrary code to an event. However, they may increase the startup time of the window.

Instance handlers modify the behavior of awindow at runtime. As an extreme, you can
instantiate a FrameWindow or DialogBox and define its behavior solely by installing
handlers. The code following code snippet creates a window that displays 'Hello
World":

Graphi csW ndow regi sterd ass.
Graphi csW ndow new
when: #paint perform [ :hDC
hDC textQut: 'Hello World" x: 10 y: 10
] .

open

BEvent retumn values

Windows events can be menu or accelerator commands as well as child window
notifications. In the case of notification events, the return value is specific to the event.

The table below lists return values for common events, please refer to the Win32
documentation for more information.

Table 4-2 Event Return Values
Notification Return Value
VWM _NOTI FY Ignored except for notifications that specify otherwise.
VW _COVIVAND Ignored.
VWM _PARENTNOTI FY Always ignored.
#cl ose 0 (FALSE) to close the window, any other value keepsiit open.

Notifications and Commands
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FrameWindow processes the messages WM COMVAND, VW NOTI FY and
VWM _PARENTNOTI FY and generates a events for the event-handling framework.

An event is composed of the following information:
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Table4-3 Event Parameters
Item Description
Event ID hiword = notification code (NULL for menus)
loword = control or command 1D
Param 1 | par amparameter (notification specific data)
Param 2 wpar amparameter (usually the control handle)

Note The window message parameters are passed in inverse order. Because the wparam parameter is usually not of
interest, a one-argument handler method is often sufficient to process the Iparam parameter.

Child Control Forwarding

Child controls of a FrameWindow are first given the opportunity to handle an event. In
the case of a Windows-generated notification, only the notification code is forwarded
(i.e., only the hiword of the event codeis passed, and the lowor d, which contains the
control identifier, isignored).

Menu and accelerator commands are first dispatched to the child window that has the
focus. This makes it easy to implement generic event handlersin controls. For example,
Edit installs handlers for the Edit menu as well as a handler that enables and disables
menu or toolbar items, depending on the state of the edit contents. The handlers are only
executed when the control has the focus, so several instances can coexist within the
same frame window.

To dispatch commands to a control that doesn’t have the focus, two possibilities exist.
Either the frame window implements handlers that delegate to one or more child
controls, or a control installs dynamic handlers in the parent (using

when: perform).

Event Descriptions

Each event source implements a class method named i f Event s that returns an array
describing the events generated by the window. Each line lists the textual event constant
(such as CBN_SEL CHANGE) and atextual description. The GUI builder usesthis
information to build up the event connection dialog. Y ou can aso quickly view the
events by browsing these methods.
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Example:
i fEvents
/\#(
' BN_CLI CKED ' The user clicked the button' 00
' BN_DBLCLK ' The user doubl e-clicked the button' 0 0

)

See a so Defining events on page 128.

Using Variable Commands
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Sometimes, it is desirable to bind arange of command identifiersto an action to
perform, rather than associating each command in the range individually. For example,
the M ost Recently Used File framework uses this functionality to manage afilelist.

The framework reservestheinterval [ | D_CHO CEFI RST - | D_CHO CELAST] for
variable commands. When acommand in that range is processed, the framework raises
an event whose identifier is obtained by clearing the low byte, meaning that the rangeis
further broken down into 16 base events (CHO CEFI RST, CHO CEFI RST +

16r 10, CHO CEFI RST + 16r 20, ...). The argument to the event is the actual
command.

Therefore, asingle event handler processes up to 16 commands, allowing an application
to treat these commands uniformly. A handler can translate the command identifier into
an index in an array, and perform some action on an element in that array.

Example:
1. Define ahandler in the class initialization method:

. addHandl er: 1 D_CHO CE + 16r10 sel ector: #varCmd:;
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2. Implement the handler:

var Cnd: i dx
| i elenent
i :=1idx - (1D_CHO CEFI RST + 16r 10)
(i >=0) & (i <= m.array size) ifTrue: [
element := marray at: idx - | D _CHO CEFI RST
el ement doSoneActi on
ANULL " we processed it, terminate handler chain "
].

Anil " continue handler chain "

Displaying a Context Menu

Remarks

A Frame Window receives the WM CONTEXTMENU message when the user clicks on
the right mouse button while over the client area or a child window. FrameWindow
uses the child identifier to generate a\WWW_CONTEXTMENU event, which can then be
processed by an event handler. Alternatively, the frame can re-implement

VWM _CONTEXTMENU to process the message directly, which may be more appropriate
if the menu to display depends on the mouse |location rather than on achild identifier.

In most cases, the menu isloaded from aresource. The code below loads a popup menu
identified by | DM _POPUP_MYMENU from the current module and displays the first
popup menul.
Menu popupMenu: | DM _POPUP_MYMENU
nmodul e: m_nodul e

index: 1
owner: self

In cases where menu items must be modified before the menu is displayed, the
application must load the menu, extract the popup submenu, modify the popup, then

display it usingt r ackPopupMenu: . The code looks like:
hPopup := (Menu fronResource: | DM POPUP_MYMENU
modul e: m_nodul e) get SubMenu: 0
hPopup
enableltem |D MENUL state: statel

enableltem |D MENU2 state: state2
trackPopupMenu: sel f

¢ Alternatively, the application can first send the popup menu to the
updat eCommandUl handler in order to update the items.

¢ Insimplecases, it is better to define several specialized popup menus rather than a
large one with many disabled items.
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¢ Thecontral returns to the caller when the popup menu has been closed, either
because the user selected an item or after he or she pressed escape. In the meantime,
the owner of the popup receives event notifications.

File Handling

An application can easily add file-handling functionality to its main window by using
the file-handling framework in FrameWindow.

FrameWindow implements the following methods:

Table 4-4 File Handling M ethods
Item Description
fileOpen Opens a File Open common dialog box that prompts the user

for afile name. Thismethod callsalso openFi | eStri ng

to retrieve the file filters for this window. After the dialog box
returns, the method callsf i | eQpen: with the file name and
sets the title of the window to the new file name.

filePrint Default implementation that prints the contents of the text
pane, if oneis present.
fileSave This method callsf i | eSaveAs if thereis no document

(i.e., thereis no property at #docurmnent ). Otherwisg, it cals
fil eSave: withthe document name.

fileSaveAs Opens a File Open common dialog box and prompts the user
for afile name to save as. If successful, it calsf i | eSave:
with the retrieved file name, and updates the window title.

querySave Asks the user whether the window contents should be saved,
and if so, savesthe contents by calling either f i | eSave: or
fil eSaveAs. ReturnsQ if the contents can be discarded,
otherwise 1.

This method can be called by implementations of
guer yd ose and quer yDest r oy.

title Answers the current document name of the window, or nil if it
is undefined.
title: Sets the document name of the window.
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A subclass of FrameWindow can attach methods to events, as depicted in the table

below.

Table4-5 File Handling Events

Item Selector

| D FI LE_OPEN fileOpen
I D FI LE PRI NT filePrint
| D FI LE_SAVE fileSave

| D_FI LE_SAVE_AS fil eSaveAs
D FILE_MRU FILEO fileQpenMRU: (enablesMRU file handling)

The methods attached to the events are implemented in FrameWindow. The subclass of
FrameWindow must merely implement methods to open and save afile. Optionally, it
can also implement quer yd ose and quer yDest r oy to prompt the user when the
window is about to be closed or destroyed.

Table 4-6 Required File Handling M ethods
Item Description
fileOpen: Opens afile, given itsfile name. Returns true if successful,

otherwise false.

fileSave: Saves the contentsto a file specified by afile name. Returns
true if successful, otherwise false.

openFileString Returns afile filter string. Thisis amulti-string, as discussed
in FileDialog on page 255.

queryClose This method is called when the contents of the window are
about to change. Returns FAL SE if the contents of the
window can be discarded, otherwise returns TRUE.

queryDestroy This method is called when the application should terminate.
Returns 0 if the window can be destroyed, otherwise returns 1.

Most Recently Used File Framework
The Most Recently Used File framework manages afile list and registry entries. The

most recently used file names are added to afile menu, which may include aMore
files... menu item that displays the entire list of filesin alphabetic order.
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A FrameWindow subclass that wishesto use Most Recently Used Files must call
fil eUpdat eMRU: with the collection of files or nil to load the values from the

registry.

Table 4-7 MRU FileHandling M ethods
Item Description
fileAddMRU: Adds afile nameto the list of most recently used (MRU) files.
fileMaxMRU Returns the maximum number of most recently used filesto
display.
fileMoreMRU Opens a dialog with the complete list of (MRU) files.
fileMoreMRUString Returns the string used to display the More... menu item for

the MRU list. The default implementation loads the string
resource| DS_FI LE_MRU_MORE from the executable

module.

fileOpenMRU: Opens one of the most recently used (MRU) files. The
parameter isthe index of the file to open.

fileUpdateM RU: Updates the list of most recently used (MRU) files. The
parameter is a collection of file namesto display, or nil to load
the values from the registry.

Using Accelerators
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Accelerators provide a quick way to perform commands. Typically, an accelerator isa
key combination that gives direct access to acommand that is also present under a
menu item.

An application can support accelerators in two ways:

¢ Loading an accelerator table that isvalid for all open windows managed by the
current thread. To that effect, an application calls
W nAppl i cat i on>>| oadAccel er at or s: , passing the name or identifier of
an accelerator resource.

¢ Assigning specific accelerator tables to aframe window. Accelerators can be loaded
by sending| oadAccel er at or s: to the frame window, passing the name or
identifier of an accelerator resource. Frame accel erators override the default
application accelerators.
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WinApplication first sends pr e Tr ansl at eMessage: to the frame window,
therefore the window accel erators are translated before the application accelerators.

Example:

In the devel opment image, DevelopmentEnvironment loads the following accel erator
resource:

| D_ACCEL_ST ACCELERATORS

BEG N
VK_F3, | D_EDl T_REPEAT, VI RTKEY
VK_F8, | D_SMALLTALK_ACCEPT, VI RTKEY, CONTROL
VK_F8, | D_SMALLTALK_FILEITIN, VI RTKEY, SHIFT
VK_F9, | D_SMALLTALK_| NSPECTI T, VI RTKEY, SHI FT
VK_F10, |D_EDI T_SYMBOLS, VI RTKEY, SHIFT
VK_F10, |D_EDI T_API, VI RTKEY, ALT
VK_F11, | D_CLASSES_BROWSE, VI RTKEY, CONTROL
VK_F11, |D_CLASSES_BROWSE_PROJECT, VI RTKEY, SHIFT
"N', |D_FILE_ NEWAORKSPACE, VI RTKEY, CONTROL
“O', I|D_FILE OPEN, VI RTKEY, CONTROL
“F", ID_EDI T_FI ND, VI RTKEY, CONTROL
“H', | D_EDI T_REPLACE, VI RTKEY, CONTROL
"D', |D_SMALLTALK_SHOWT, VI RTKEY, CONTROL
"E', | D_SMALLTALK DO T, VI RTKEY, CONTROL
“Q, ID_SMALLTALK_ | NSPECTI T, VI RTKEY, CONTROL
S, | D_SMALLTALK_ACCEPT, VI RTKEY, ALT
END

These commands are common to all Smalltalk development windows.

CHB loads an extended accelerator table that is specific to the class hierarchy browser:
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| D_ACCEL_CHB ACCELERATCRS

BEG N

VK_F3, | D_ED T_REPEAT, VI RTKEY
VK_F7, | D_METHODS_| MPLEMENTCRS, VI RTKEY, SHIFT
VK_F7, | D_METHODS_SENDERS, VI RTKEY, CONTROL
VK_F7, | D_METHODS_GREP, VI RTKEY, ALT
VK_F8, | D_SMALLTALK_FI LEI TIN, VI RTKEY, SHIFT
VK_F8, | D_SMALLTALK_ACCEPT, VI RTKEY, CONTROL
VK_F9, | D_SMALLTALK_I NSPECTI T, VI RTKEY, SHIFT
VK_F10, |D_EDI T_SYMBOLS, VI RTKEY, SHIFT
VK_F10, |D_EDI T_API, VI RTKEY, ALT
VK_F11, | D_CLASSES_BROWSE, VI RTKEY, CONTROL
VK_F11, | D_CLASSES_BROWSE_PRQIECT, VI RTKEY, SHIFT

“N', TD_FI LE_NEVWAORKSPACE, VI RTKEY, CONTROL

"O', |D_FILE_OPEN, VI RTKEY, CONTROL

“F", ID_EDI T_FI ND, VI RTKEY, CONTROL

“H', | D_EDI T_REPLACE, VI RTKEY, CONTROL

“A", | D_EDI T_SELECT_ALL, VI RTKEY, CONTROL
"D, |D_SMALLTALK_SHOWT, VI RTKEY, CONTROL
“E', |D_SMALLTALK DO T, VI RTKEY, CONTROL

“Q, |D_SMALLTALK_| NSPECTIT, VI RTKEY, CONTROL

“G', |D_CLASSES_JUMPTQ, VI RTKEY, CONTROL

"U', | D_METHODS_UNCALLED, VI RTKEY, CONTROL

"Z", |D_EDI T_ZOOM VI RTKEY, ALT

“N', | D_METHODS_NEWVETHOD, VI RTKEY, ALT

S, | D_SMALLTALK_ACCEPT, VI RTKEY, ALT

END

Using the Registry

Abstract

Theregistry is a system-defined database that applications use to store and retrieve
configuration and initialization data. The registry stores datain a hierarchically
structured tree. Each nodein thetreeis called akey. A key can contain subkeys and
data entries called values.

The registry support in FrameWindow makesit easy to |oad and save registry values.
It also supports saving and restoring the state of awindow.

The Registry Interface
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To enable the registry interface, a FrameWindow must have a property named

#pr of i | e that specifies the subkey name used to store and retrieve registry values.
This name, together with the root key defined in the current application, defines the key
under which information is stored and retrieved.

The default profile name of a FrameWindow isits window class name, but an
application can also assign a different value. The methods pr of i | eNane: and
pr of i | eName respectively set and retrieve the profile name.
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Saving and restoring a Window's state

FrameWindow supports saving and restoring a window via the methods
regSaveW ndowandr egRest or eW ndow:. . Thefirst returnsa M appingTable
that associates value names to values, the second re-creates a window from state
information provided in aM appingTable.

The methods are easy to use and subclass because the datais stored in a
M appingT able. Subclasses can reimplement them in order to manage additional
entries.

Saving User Preferences

Method savePr of i | e saves preferences of the current window to the registry. The
data includes the position of split bars, fonts used by the child windows, as well asthe
window extent.

Using Fonts

Thefont registry interface allows aframe window or an application to associate
customizable fonts with child controls. In addition, aframe window can let a user
define the font of awindow by calling the chooseFont method.

A window can use the message | oadPr of i | eFont : toload afont from the registry.
The parameter to the method isthe identifier of the child control for which the font
should be loaded.

The message| oadPr of i | eFont s iterates over child controls and loads any fonts
associated with a control. In both cases, the fonts are cached by the current application,
so that a second access does not have to scan the registry, nor must it create a new font.

Registry Support in WinApplication

Instances of WinApplication store and save registry values under the subkey defined
for the application, as returned by the instance method r egKey. This makes it easy to
change an application’ s top-level key without modifying any other code.

WinApplication also has class methods that provide low-level access methods. In
addition to Win32 APl wrappers, it also defines useful methods that iterate over keys
and subkeys, vaues of akey, delete an entire branch and so forth.
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Implementing Online Help

Abstract

Tooltips

Menu Hints
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The help interface supports tooltips, menu item description strings as well as context-
sensitive help. Help in frame windows is similar to event handling: it can be defined
statically in the classinitialization method or dynamically at runtime.

Static help declarations define how instances of a class react to help requests. This
behavior can be modified at runtime, allowing awindow to be reused in a different
context.

Tooltips are small pop-up windows such as the ones usually associated with toolbar
buttons. Tooltips are discussed under Tooltip on page 294.

Menu description strings are displayed in the frame’ s status bar when the user scrolls
through a menu. This feature requires a status bar for functioning.

An application’s resources must include a string table that associates each menu
identifier with a string to be displayed. For example, the file below provides
descriptions for the File menus:

STRI NGTABLE

{

/1 Standard File commands

| D_FI LE_NEW "Creates a new docunent”

| D_FI LE_OPEN "Opens an exi sting docunent"”

| D_FI LE_SAVE "Saves the active docunent"

| D_FI LE_SAVE_AS "Saves the active docunent under a new nane"
ID FILE_SAVE _ALL "Saves all docunents"

I D_FILE_CLCSE "Cl oses the active docunent"

| D_FI LE_PAGE_SETUP "Changes page | ayout settings"

I D_FI LE_PRI NT "Prints all or part of the active docunent”
ID_APP_EXI T "Quits the application; pronpts to save docunents"
| D_APP_ABOUT "Di spl ays program and copyright infornmation"
}

More examples can be found in the SUPPORT directory of the Smalltalk distribution
disk.
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The implementation is done in WM_MENUSELECT. A window that wishes to override
the default behavior must re-implement this message.

Calling Help

WM _HELP messages

Context-sensitive help calls the help API when the user presses the F1 key over an
interface element of the application, or by some other system-defined means (using for
example the mouse help cursor).

The framework tries to locate the child identifier, which is passed in the WM_HEL P
message, in the table of help identifiers. If a corresponding help identifier isfound, it
invokes the help system with the identifier, opening a popup help window. Otherwise,
help isinvoked on the default topic, which generally opens the help main window.

Help commands
The framework processes the help commands below:

Table 4-8 Help Commands
Command Description
ID_HELP_USING Invokes Help on Help (how to use the help system).
ID_HELP_INDEX Opens the help index.
ID_CONTEXT_HELP Opens help on the default help topic.

Help commands are normally located in a help menu. Dialog boxes often display a help
button whose identifier is| D_CONTEXT_HELP. In addition, the style

DS CONTEXTHELP displays ahelp icon on adiaog's caption. When the user clicks on
the icon, the mouse cursor changes to a help icon and he / she can click on any dialog
item, generating a WM_HEL P message with the identifier of the item under the cursor.
Alternatively, the user can press F1, which generates the same VWM _HEL P message.

Registering Help Topics
Help handlers are declared in subclasses of FrameWindow, either in the class

initializemethodorini nitHel pHandl ers. An application usesthe
messages in the table below to register help events. These methods are implemented
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both as class methods and as instance methods; the class methods define help topics and
the help file name statically in the class, while the instance methods override the static
help data at runtime.

Table 4-9 Help Methods
M essage Description
helpAt: put: Associates a control identifier with a help topic identifier.
helpFile: topic: Registers a help filename and a default topic identifier to call

when help isinvoked. The method also finalizes the help
structure, which iswhy it should be called as the last method.

helpFile:contextHelp:topic:  Same as above, but allows the caller to specify a different help
file for context-sensitive help.

Using HTML Help and WinHelp

Examples

Smalltalk MT supports both the newer HTML Help and the traditional WinHelp format.
The API actually used depends on the help file extension; itis. CHMfor HTML Help
filesand . HLP for WinHelp files. The help identifiers used by an application are
mapped to topics using a[MAP] section defined in the Help project.

HTML Help usesthe ActiveX control HHCTRL. OCX and runs in the same process as the
caller, unlike WinHelp, which runs in a separate process. The framework uses HTML
Help constants to identify the help actionsto carry out. When using WinHelp, the
constants are trand ated to their equivalent WinHelp constants.

Creating the dialog tenplate
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The sample code is based on the following dialog:

Figure 4-2 Sample Help Dialog
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The dialog has the Context Help style to enable the help button in the title bar. All
controls have default identifiers, except the Help button, which has the

| D_CONTEXT_HELP identifier. There is no need to define a specific handler for the
help button because the framework handles this command.

Creating the help file

Please refer to the Win32 SDK for information on how to create help files. Y ou must
a so create an include file that associates help topic identifier names with their
respective values, such as below:

#define | DH_| NTRODUCTI ON 5000

#define | DH_CONTENTS 5001

#define | DH_TOPI C1 5002

#define | DH TOPI C2 5003

#define | DH_TOPI C3 5004
Declaring the help handlers

You must first install the help identifiers as a pool dictionary and add it to the pools of
the sample dialog. Finaly, compile aclass method i ni t Hel pHandl er s asbelow:

i ni t Hel pHandl ers
Private - Initializes help handlers.

sel f
hel pAt: IDC_EDIT put: |DH TOPICL;
hel pAt: IDC_COVBOL put: |DH TOPIC2;
hel pAt: | DC_CHECK1L put: | DH_TOPI C3;
" Topic in Help File "
hel pFile: 'hel p_sanple.hlp' topic: |DH CONTENTS

After initializing the dialog, you can open it and test the context-sensitive help.

Instance-based Help
We will re-use the help file and topics above to add help topics to a prompter dia og:

Pronpter new
hel pAt: I DC_EDI T1 put: "I1DH TOPI C1" 5002;
hel pFile: 'Hel p_Sanple.hlp' topic: "IDH CONTENTS" 5001;
title: 'Help Sanple';
text: 'default text';
openOn: 0

Process Classes
This section examines process classes used by an application.
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ApplicationProcess

Class ApplicationPr ocess implements the process startup and shutdown code.

Process entry points

Process exit
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A process entry point is the function called by the operating system when the image has
been loaded. Each executable image has exactly one entry point.

The entry point isimplemented in the class method _mai n, which initializes the
Smalltalk process. In particular, it creates an instance of ApplicationProcess and
assignsit to the global variable Processor. The startup code then calls the instance
method syst enst ar t up in ApplicationProcess. This method wrapsacall to

Wi nMai n: wi t h: wi t h: wi t h: into an exception handler, which becomes the top-
level handler for the process. The default implementation calls the operating system
function UnhandledExceptionFilter:.

The methodwi nMai n: wi t h: wi t h: wi t h: must be re-implemented when
generating an executable, as explained in Generating Executables on page 350. In the
development image, it just forwards the message to DevelopmentEnvironment, and it
should not be modified while in the development image.

There are several ways for an executable to exit a process.

Exiting normally
An application can exit normally by returning control to the caller.

close:

Appl i cationProcess>>cl ose: safely shuts down the garbage collector before
evaluating a specified block. The block has the opportunity to perform cleanup
operations after the garbage collector is halted. Typically, the block is used to close
memory-mapped files safely.

A process that employs memory-mapped files in read-write mode must normally unload
the files explicitly. This also entails removing all references to external objects.
Otherwise, the garbage collector causes an access violation while it tries to scan an
object that is no longer mapped into memory (notwithstanding the fact that some object
pointers point to the datanirvana). Using cl ose: bypasses this operation by stopping
the garbage collector first. The code in the block can then safely unmap and close the
memory-mapped files.
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exitProcess:

This method ends the process and all its threads. It returns a specified 32-bit value to the
parent process. If you need the functionality of the method #close: described above, you
cancal cl ose: with ablock that callsexi t Process: . Alternatively, you can aso
call the API Exi t Pr ocess directly from the block.

exitThread:

This method exits the current thread safely. If the thread is also the main thread, the
whole processis also terminated, regardless of whether other threads are running.

DLL Exit and Unloading

The process that attachesto a Smalltalk DLL unloads it aswell. The class method

dl | EntryPoi nt:wi th: wi t h: automatically callsunl oad on Processor to safely
unload the library. Unloading entails safely terminating internal Smalltalk threads and
releasing resources.

Thread protocol
The following methods make up the thread protocol in ApplicationProcess.

Table 4-10 ApplicationProcess Thread Protocol
M essage Description
currentThread Returns the current thread object. Thisis a subclass of
WinThread.
sleep: Suspends the execution of the current thread for the specified

amount of time.

terminateT hread:exitCode: Terminates athread identified by athread handle safely. This
method can be used to terminate another thread.

Note The method terminateThread:exitCode: ultimately calls the function TerminateThread. This function does not free a
thread's stack, so it should not be used on a regular basis.

Process attributes

Processor isthe sole instance of ApplicationProcess. The table below lists process-
specific attributes.
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Debug protocol

Table4-11 Processor Attributes Protocol

M essage Description

getCommandArguments Returns an Array of command line arguments.

getM essages Returns the module that contains the error messages. The
module is loaded on demand.

getStartupDirectory Returns the startup directory. It is extracted from the command
line arguments.

getStartupPath Returns the startup path. Thisis also the first command line
argument.

hlnstance Returns the instance handle of the process. Thisis an HModule

instance whose value is the loading address of the image.

Debug protocol methods print to an externally attached debugger or a program that
traces Qut put DebugsSt ri ng cals, for example Dbmon on Windows NT. Each line
is preceded by a prefix that includes the module name and the thread id for further
identification.

Table4-12 Processor Debug Protocol

M essage Description

outputDebugLine:[_with:] Prints the prefix, a specified text, and a carriage return. Thisis
avariable argument method that accepts an arbitrary number
of parameters and formats them according to aformat string.

outputDebugPrefix Prints a prefix string that identifies the process and the thread.
outputDebugString: Prints a specified text.

WinApplication
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WinApplication manages the message loop. There can only be one instance of
WinApplication per thread. However, a process can spawn multiple threads and create a
WinApplication instance for each GUI thread.

The WinApplication instance for a GUI thread is referenced by the thread-local variable
t hi sAppl i cati on. By default, thisinstanceis also the owner of all top-level
windows and receives all unhandled events.

For example, the development environment creates a separate thread when debugging
and creates an instance of Debugger to manage the debugging thread.
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Using WinApplication
WinApplication implements methods to load an accel erator table, specify aresource

module, and set the main window and so forth. In simple cases, it is therefore sufficient
to instantiate the existing class and set its attributesin thewi nMai n method.

If your program uses complex initialization methods, you may consider subclassing
WinApplication. Y ou must create a subclass in the following cases.

¢ WinApplication has event handlers.

¢ WinApplication implements a custom exception handler.
¢ WinApplication uses a custom message | oop.

¢ WinApplication uses aregistration key.

The application class for the devel opment environment is DevelopmentEnvironment.

WinApplication Attrinutes

The following table lists common attributes of WinApplication.

Table4-13 WinApplication Attributes
Variable Description
m_hAccel Table An accelerator table shared by all frame windows created by
the current thread.
m_hlnstance Default resource module.
m_mainWindow Main window. See al'so Running a GUI Application and

Running a Dialog Application on page 353.

\WnApplication Methods

The following tables list methods of WinApplication that you may wish to
reimplement in subclasses.
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Table4-14 WinApplication I nitialization Methods
M essage Description
exitApplication Exits this application. This method is reimplemented by

subclasses to perform cleanup tasks, such as unregistering
window classes.

exitinstance Processes a reguest to terminate the application. The message
loop is exited by posting aVW_QUI T Windows message.

initApplication Performs one-time initializations, such as registeringwindow
classes.

initlnstance: Initializes the WinApplication instance. Subclasses usually
reimplement this method to open the main window. The
parameter to this method isthe initial visibility, a SW_XXX
constant (see also the Win32 SDK documentation).

Table4-15 Miscellaneous WinApplication M ethods

M essage Description

unhandledException: Default exception handler.

regKey Answers the registry subkey under which data for the
application is stored.

splashWindow Displays a copyright logo at startup.

Testing a WinApplication
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Y ou must test the application class in a separate thread. The code below creates an
application in a separate thread and opens a TextWindow as main window.

The argument to ther un: method is ablock that evaluates to the main window.
WinApplication installs a handler for the #dest r oy event of thiswindow and cals
exi t | nst ance when the event occurs. The default implementation of exitlnstance
posts the WM_QUI T message, which terminates the message loop and returns from

r un: . The block returns normally and thus terminates the thread.
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| app | .
app := WnApplication new
app set Modul e: (HWbdul e | oadLi brary: 'stdev.dll').
app initApplication initlnstance: SW SHOW
app run: [
Text W ndow new open

]
] fork

Note The run: block must evaluate to a valid window, otherwise the #destroy event never occurs and the loop run forever.
The window creation methods raise an exception if the window could not be created.

Graphics Classes

Overview

Graphics use the GDI interface. Graphic output goes to a DeviceContext and uses GDI
objects that must first be selected into the device context. When the drawing is finished,
the selected objects must be de-selected.

Device contexts

There are device contexts for various output devices. The most common are the screen
and printers. To obtain a device context for drawing onto awindow client area, an
application callsget DC on the window. For aregular window, the return valueis a
device context handle, which can be converted to a DeviceContext instance using
Devi ceCont ext >>f r onHandl e: .

Specialized windows such as GraphicswWindow and GraphicView directly return a
DeviceContext object.

Creating and selecting GDI objects

An application must first select graphic objects into the device context, using

sel ect Obj ect : . Graphic objects encompass bitmaps, brushes, pens, fonts as well as
regions. Bitmap, Brush and Font have class methods for creating instances.
DeviceContext has aso methods for creating common objects on the fly. For example,
sel ect Sol i dBr ush: creates and selects a solid brush with a specified color. Itis
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also possible to select system objects such as a system color brush (in
sel ect SysCol or Brush).

Drawing operations
DeviceContext has methods for text output, drawing lines and curves as well asfilled
shapes. It isaso possible to call graphic APIs directly with a DeviceContext instance.

Deleting GDI objects

An import aspect of drawing isto deselect objects and delete them when they are no
longer in use. Failure to do so usually leads to memory errors down the line.

Itisrelatively easy to spot GDI leaks. The code must be compiled with the GDI
diagnostic messages turned on (in the image properties) and the code be run under a
debugging version of the operating system.
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This chapter examines the different window classesin the system. Thisincludes
Window, overlapped windows (FrameWindow and DialogBox), Menus, Controls, and
more specialized windows such as MDI, Property Sheets, document classes, aswell as
predefined dialogs. The common controls are also reviewed in detail.
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Window

Class Window implements the window procedure that processes Windows messages.
In addition, Window exposes methods that return or ater the state of the window and
methods that work on child windows of the receiver window.

An application can use Window or one of the derived classes to manipulate windows.
Class Window and its subclasses shield the application from the window procedure and
provide default behavior.

A Smalltalk Window instance stores the window handle of the associated window.

I ncoming messages to the window procedure are routed to the appropriate method if
such amethod exists, otherwise they are passed to a default handler. A subclass of
Window that wishes to process a WM XXX Windows message must implement the
method WM XXX: wi t h: .

An application uses FrameWindow or one of its subclasses to register callbacks that
are invoked when a certain command is sent to the window.

Window Class Attributes
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Window class attributes are used by the window registration methods. The attributes are
used by the default window procedure (implemented by the operating system).
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Example

Table5-1 Window Class Attributes
M essage Description
windowClassBrush Returns the brush used to paint the background.
windowClassCursor Returns the cursor displayed when the mouse is over the
window.
windowClasslcon Returns the window icon identifier in the resourcefile. The

registration method also tries to load the small icon that
corresponds to the identifier.

windowClassName The Window class name that identifies the class for Windows.
The name must be different each time you redefine any of the
attributes.

windowClassStyle A combination of window class styles. Please refer to the

Win32 documentation for more information about class styles.

To display awindow with a dialog background color, implement the following
methods:

wi ndowCl assNanme
At AppW ndow

wi ndowCl assBrush
Answers the class brush for this wi ndow cl ass.
Return Val ue:
A system wi ndow col or constant.

NCOLOR_BTNFACE + 1

The returned brush is actually an index into the Windows system palette, and
COLOR_BTNFACE istheindex of the button background.

Registering a Window Class

Y ou must register awindow classif you wish to use an icon, a background brush, a
cursor or a particular class style for awindow. For a detailed discussion of window
attributes, see the previous paragraph.
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To register awindow in Smalltalk, proceed as follows:
¢ Create asubclass of Window

¢ You must implement a class method wi ndowCl assNare to return aname for
registering the class. Implement a method for each attribute you wish to define (see
below).

¢ Cadl theclassmethodr egi st er O ass or any of the methods below before you
use the window.

Window class registration methods

registerClass

This method registers the window class with the attributes returned by the
w ndowCl ass XXX methods. Theicon and cursor identifiers are ignored.

registerClass:

This method loads the icon and cursor resources from a specified module and registers
the window class using those attributes.

registerClass:stylesicon:cursor:

This method registers the window class using a specified class name, style, icon and
cursor.

registerClass:stylezicon:iconSncursor:hbrBackground:

This method performs the actual registration, using the specified parameters. An
application can use this method to override al class attribute methods.

unregisterClass and unregisterClass:

These methods unregister the receiver’ swindow class. Window class registration only
succeeds when the window class is not registered, you must therefore use

unr egi st er d ass to unregister the class before you can register it again with new
attributes.

Note When witing Dils or ActiveX components, it is important to unregister all window cdlasses that have been registered
when the module is unloaded. A DIl may be loaded and unloaded several timedduring the lifetime of the process, and
there is no guarantee that the DIl is loaded at the same base address. Because Window registration uses the callback
address of the window procedure, failure to unregister Window classes may cause unexpected behavior or access
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violations when a Dl is reloaded at a different base address.

Creating a Window

Window cresation is done in the method cr eat eW ndow: [ . . . ] . The method takes
many parameters and is used indirectly through creation methodsin FrameWindow,
Control or Menu.

It is often necessary to create a Smalltalk Window object that encapsul ates a given
window. The class method f r omHandl e: returns a new instance for this purpose.

Getting the Window Handle

Y ou can retrieve the Smalltalk window that is associated with a given handle. The
method W ndow>>get W ndowFr onHandl e: returns the Smalltalk window object,
or nil if thereis no such window.

The Smalltalk object is associated with the window property * STOBJ’ , which makes it
also accessible to non-Smalltalk code.

Enumerating and finding Window s

It is sometimes necessary to enumerate all windows that have been created by the
current thread, child windows of a given window, or MDI child windows. All
enumeration messages are based on Win32 functions, which ensure that the windows
that are passed to the enumerator are in a consistent state. For thisreason, it is generally
better to use enumeration methods rather than storing references in instance variables.

Each enumeration block takes a single argument, a temporary window that encapsul ates
the window being enumerated. To retrieve the Smalltalk object that is associated with
the window, the enumerator may use W ndow>>get W ndowr omHandl e: .
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Table5-2 Window Enumeration M essages

M essage

Description

enumThreadWindows;

enumChildWindows:

enumM DI ChildWindows

Evaluates a block with each top-level window created by the
current thread.

Evaluates a block with each child window of the receiver
window.

Evaluates a block with each MDI child window of the receiver
window.

Note There is no guarantee that a Smalltalk object exists for the window, so the caller should check the return value against

nil.

Window Items

Windows respond to a set of polymorphic messages that act upon items that belong to
the receiver window. The items can be child controls, menu items or toolbar buttons.

Table5-3 Window Item M essages

M essage

Description

checkltem: first: last:

getltemFont, setltemFont
getltemint, setltemint
setltemState, getltemState
setltemText, getltemText

showltem

Checks one item in arange of consecutive items and unchecks
the others.

Retrieves/ sets the font of a child control.
Retrieves/ sets an integer value.

Retrieves/ sets the state of a child control.
Retrieves/ sets the text displayed by achild control.
Setsthe visibility state of a child control.

Anitem’s state is defined by a combination of state flags.
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Table5-4 Window |tem States

M essage

Description

STATE_CHECKED
STATE_ENABLED
STATE_FOCUS
STATE_HILITE

Checks an item.
Enables an item.
Sets the focus to an item.

Selects an item, or the text displayed by an item.

For regular windows, STATE_HI LI TE selectsthe text in an edit control and emits a
warning sound. This state is often used when the user enters text that fails avalidation

check.

Note Refer to the implementation for additional messages that can be used with child controls.

Window Properties

Each Window instance can have an associated property dictionary. The dictionary can
store arbitrary objects and keys.

Table5-5 Window Properties
Notification Return Value
properties Returns the properties, aM appingT able.

propertyAt:

propertyAt: put:

removeProperty:

Answers the object stored at a given key, if any, otherwise
returns nil.

Stores an object at a specified key.

Removes a property.

Note The properties are Smalltalk properties, and have nothing to do with WWIn32 properties. WWMn32 offers functions to store
key — value pairs under a window handle. The functionality is similar, except that the keys must be strings and the

values 32-hit values.
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Window Subclassing
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Window subclassing in the sense of Win32 consists of replacing the window procedure
of agiven window with another procedure. The new procedure generally passes any
messages it does not handle to the old procedure. This allows a program to filter
messages it wishes to process, therefore altering the behavior of the original
(subclassed) window.

An application usessubcl assW ndowto route the window procedure through the
receiver. For example, subclassing aListBox control has the effect of sending all
Windows messages to the object.
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Overlapped Windows

Overview

This section discusses top-level windows. There are two basic types of top-level
windows: dialog boxes (DialogBox instances) and regular frame windows
(FrameWindow instances). DialogBox inherits from FrameWindow, meaning that
dialog boxes have the same event interface as FrameWindow instances. The
differences are mostly technical, since it is possible to program a regular window so that
it behaves like a dialog. However, the amount of code required to mimic the behavior of
dialogsisquite large.

The following paragraphs discuss overlapped (frame) windows. Note that many
messages can be used with non-overlapped windows as well.

Initialization and Release Messages

FrameWindow instances may re-implement the following messages.

Table5-6 Window Init / Release M essages
M essage Description
initWindow Called after the window has been created but before it
becomes visible.
closeWindow Called before the window is closed. A value of NULL

(FALSE) closes the window, TRUE preventsit from closing.

destroyWindow Called during the processing of the WM DESTROY message
to perform cleanup tasks.
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initPosition Answersthe initial position and / or extent of the window. The
return value is nil (to use default positioning), a point that
specifies the extent, or arectangle.

Thevaluecan also beset usingi ni t Posi ti on: .

FrameWindow

Class FrameWindow manages atop-level window. It implements an instance-based
event handler map, and handles various notification messages from the system, the
menu and child controls. Furthermore, it optionally handles reframing of child windows
by the means of a FrameM atrix object. Supplemental windows such as status bars and
tool bars are supported in a transparent manner.

Although FrameWindows are generally overlapped windows (i.e., the

W5 OVERLAPPED styleis set), it isaso possible to create a FrameWindow that has
the W5_CHI LD style. Container Window is an example of a FrameWindow that is
also achild window.

Creating a FrameWindow

create

This paragraph discusses creating a FrameWindow that is not adialog. Please refer to
Creating a Dialog on page 245 for information on how to create dialog boxes.

Method cr eat e creates a FrameWindow with default attributes. It first calls
i ni t Menu to give the window an opportunity to load a menu. See also open for more
information.

create\Mndowtitle:exStyle:style:parent:menu:
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This method usesi ni t Posi ti on to retrieve the window’ s position and dimension.
Thereturn value fromi ni t Posi ti on can be either a point that specifies the window
extent or arectangle with the exact position on the screen. Unspecified values are
replaced with CW_USEDEFAULT, which lets Windows assign a default value based on
the desktop size and the position of other windows.
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create\WWindowtitle:exStyle:style:x:y:cx:cy:parent:menu:

Thisis the generic window creation method inherited from Window. It givesthe caller
full control over all window attributes such as position, title, menu, and styles.

Use open to create and show awindow using default attributes. The difference
between the methods open and cr eat e isthat the former calls showwW ndow: with
the SW_SHOWparameter to make the window visible, followed by updat eW ndowto
update the client area of the window. Therefore, calling open alwaysresultsin a
visible, updated window when the method returns.

In cases where the window is modified right after it opens, calling cr eat e avoidsthe
flicker that occurs when the window is updated twice; once in open and the second
time when it is modified. The code below demonstrates the difference:
CHB new open
sel ect G ass: Menu sel ect Method: ' getltenCount'
and
CHB new create

sel ect Gl ass: Menu sel ect Met hod: ' getltenCount’

In the first example, the CHB first opens on Object (the default), updates the screen,
and then immediately selects Menu>>get | t enCount .

The second example directly displays Menu>>get | t enCount .

Accessing child controls

FrameWindow also implements methods to set and retrieve the contents of common
controls. For example, to retrieve the child listbox using theid | DC_LI ST1, an
application sends the following message to the FrameWindow instance:

i stboxAt: IDC _LIST1

This creates and returns a listbox object on demand that encapsulates the listbox
window.

There are anumber of messages that manipulate child controls of awindow. These are
defined in Window. Window also implements two specialized messages that set the
contents of acombo box or list box to an array of strings. These messages are
marginally faster but more limited than set Cont ent s: in ComboBox and ListBox.
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In some cases, it is necessary to access a child control directly. A FrameWindow can
usechi | dAt : , which returns the Smalltalk object that encapsulates a given control.
This object has been specified at creation time (inani ni t W ndow method).

A dialog box does not create child controls explicitly, so using chi | dAt : isnot
appropriate. There are messages that create a control of a specified type on thefly,
given acontrol identifier. Once created, the control remains referenced and the same
object isreturned on the next call.

Table5-7 Accessing Child Windows
M essage Description
childAt: Returns the Smalltalk object that encapsulates a contral, or nil
if noneisdefined.
childAt:class: If no Smalltalk object exists for the control, creates a control
of the specified class.
comboboxAL: Same as above; instantiates a ComboBox.
listboxAt: Same as above; instantiates a ListBox.

Owner

A frame window forwards unprocessed events to its owner. The owner isstrictly a
Smalltalk entity, though it may overlap with the owner of adialog box (by default, the
dialog box owner is not assigned to the owner instance variable). The owner of adialog
box is, in Win32 terminology, the window that becomes disabled when the dialog box
is opened.

Win32 Parent or Owner

The Windows parent or owner isthe parent argument to cr eat eW ndow: [ . . . ]
methods (which calls Cr eat eW ndow). There are two cases.

¢ If thewindow being created is a child window (i.e., the W5_CHI LD styleis set), the
argument must specify the parent window. The child window is confined to the
client area of the parent.

+ |If thewindow is an overlapped window, the argument specifies the optional Win32
owner. The window always stays on top of its owner, and closing the owner also
closes the owned window.
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Example:

Evaluate the code below to create a TextWindow owned by Transcript.

| textWndow |
t ext W ndow : = Text W ndow new.
t ext W ndow cr eat eW ndow. Text W ndow wi ndowd assNane
title: 'Owmed text wi ndow
exStyl e: textWndow wi ndoweExStyl e
style: text Wndow w ndowStyl e
parent: Transcri pt
menu: NULL

DialogBox

Class DialogBox is a subclass of FrameWindow that encapsulates a Win32 Dialog
Box. Although an application can implement a subclass of DialogBox to manage a

dialog, simple dialogs can often be created on the fly by specifying the appropriate

handlers.

Dialog Owners

The owner of adialog box is, in Win32 terminology, the window that becomes disabled
when the dialog box is opened. In some cases, it may be identical to the Smalltalk
owner, to which events are forwarded. However, in the general case, adialog has no
Smalltalk owner but a Win32 owner, which is specified in the dialog creation messages.

Creating a Dialog

A dialog box can operate in one of two modes; modal and modeless. A modal dialog
prevents the owner of the dialog, normally a FrameWindow, from processing user
interactions. The user is therefore forced to close the modal dialog before continuing his
or her work. A modeless dialog allows the user to return to the previous window
without closing the dialog.

A dialog often implements openOn: , which takes an owner window and opens the
dialog using one of the methods below. The parameter can also be NULL if the dialog
has no owner window.

Example:
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Dat ePr onpt er new openOn: NULL

opens a (modal) date prompter dialog. Since the owner window is NULL, no window is
disabled while the dialog is open.

Dat ePronpt er new openOn: Transcri pt
opens the same dialog and disables the Transcript window whileit is open.

Since the dialog owner parameter can be awindow handle, it is possible to specify an
arbitrary owner window, and in particular a non-Smalltalk window such as a common
dialog.

Modal dialog box creation

A modal dialogiscreated using di al ogBox: t enpl at e: owner : , specifying a
module handle, aresource identifier and the owner window handle. The message
di al ogBoxI ndi r ect : owner : createsthe dialog box from an in-memory
template.

Modeless dialog box creation

The messagescr eat eDi al og: t enpl at e: owner: and
creat eDi al ogl ndi rect : owner: open amodeless dialog box.

Dialog box template

A dialog box always requires a dialog box template. The template can be constructed
using an in-memory template or it can be loaded from an external resource.

The interface builder can generate both formats. An in-memory template is more
flexible since it does not require building aresource DLL. A dialog template requires
fewer resources and is easily localizable.

Processing dialog box messages
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The message processing of dialog boxes differs from the one of regular windows
because each dialog has its own dialog box procedure. The dialog box procedureis
called by the default window procedure for dialog boxes, which isimplemented by the
Windows subsystem. This means that a Windows message is first sent to the window
procedure for dialogs, which in turn calls the dialog procedure.

The Smalltalk implementation hides these detail s and dispatches Windows messages as
usual. However, there are two differences to keep in mind:

¢ Thedefault procedure Di al ogBox>>def W ndowPr oc: wi t h: wi t h: does
nothing.
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¢ A message handler for a Windows message (WM _XXX) returns nonzero if it
processes the message and zero if it does not. Thisvalueisreturned to the dialog
procedure implemented by the operating system; it is not possible to return avalue
directly to the sender of the message. If thisisrequired, the dialog must either
implement its own dialog procedure or be subclassed.

The Dialog Box procedure

The dialog procedure is similar to the WhdPr oc procedure in Window class, except
that it isinstance based and re-implementing it does not require Windows registration.
A callback block that is passed to the dialog creation function implements the window
procedure:

mdlgProc := [ :hWhd :nsg :wparam : | param | " the dialog procedure "
self wndProc: hWhd with: nmsg with: wparamwi th: |param
].

Implementing Dialog procedures

The default dialog procedureisimplemented inwndProc: with:with: with: . A
subclass can re-implement this method to process messages before or after they are
processed by the dialog procedure.

The method def W ndowPr oc: wi t h: wi t h: overrides the default window
procedure, which normally calls the Def W ndowPr oc API. In adialog box, this
method does nothing and is only called by Windows message handlers (VW_XXX
methods) that call the default procedure.

Implementing validation

A typical validation routine retrieves the contents of aform and sets the focus to the
(first) item that fails the validation test. Validation can be implemented in three ways:

¢+ Not alowing invalid entriesin the first place. For example, anumerical edit field
only accepts numerical values, adate / time picker selects only valid date and time
values, a spin button restricts the entry to arange and so forth.

¢ Performing on-the-fly validation, for example on each EN _CHANGE notification
message from an edit field or on akill focus event.

¢ Vdidating inthe cl oseW ndow method. This method called when the frame
window receives a\WM_CL OSE message, and the implementor returns zero to close
the window and a hon-zero value to prevent it from being closed.

An application may apply a combination of the validation techniques above. The
validation routine should also give avisual indication and highlight the item that failed
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the test, in addition to a message box for non-trivial errors. The message
setltentt at e: st at e: st at eMask: alowsthe caller to set the focus and, in the
case of edit fields, highlight the text. For example, to set the focus and select the edit
contents:

self setltenState: |DC ED T1

state: STATE_FOCUS| STATE_HI LI TE
st at eMask: STATE_FOCUS| STATE_HI LI TE

Closing a dialog box

The method cl oseW 't h: closes and destroys both modal and model ess dialog boxes.
In the case of amodal dialog box, the argument to this method is returned to the caller
of di al ogBox: .

DialogBox installs handlers for the | DOK and | DCANCEL events, which are processed
in the onOk and onCancel methods. The default implementations close the dialog box.

Automatic Data Mapping
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DialogBox has methods that transfer the data displayed by the dialog box to and from a
MappingTable that associates each child identifier with the value

For dialogs that do not require data validation or complex user interaction, using data
mapping is avery efficient and easy to use method to present and retrieve data.

The methods set Dl gDat a: and get Dl gDat a: respectively set and retrieve dialog
data al at once with the following conventions:

Table 5-8 Input Data Mapping

Control Data Action

Edit String Setsthe edit text.

Check box Boolean true checks, false unchecks.

Radio button Boolean true checks, false unchecks.

Listbox Collection of Setsthelist items.
strings.

Combobox Collection of Setsthelist items. If the first element is an integer, it is
strings (see interpreted as the zero-based index to select, and the
action) item strings follow this element.
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Group of Radio Integer Interprets the data as the zero-based index of the
buttons. button to check. Other radio buttonsin this group are
unchecked. See also the remarks below.

Remarks

The implementation handles groups of radio buttons. The first button in the group is
associated with the zero-based index of the checked button.

To take advantage of this feature, the radio buttonsin the group must have consecutive
identifiers. For example, given agroup of four radio buttonsthat start at | DC_RADI O1,
the base identifier | DC_RADI Ol is associated with the zero-based index of the checked
button. To check the third button, you would associate | DC_RADI OL with 2.

Child dialog boxes

Child dialog boxes are dialogs that do not have the W5 POPUP style hit set. Because
the framework sendspr eTr ansl at eMessage: only to top-level windows, child
dialogs do not automatically receive this message.

In order to enable dialog behavior (tab key processing and so forth), you must register
the child dialog with the parent, using addModel essDi al og: . FrameWindow
delegatesthe pr eTr ansl at eMessage: to any registered child dialogs. Use
renoveMdel essDi al og: toremove the child dialog when it closes (you do not
need to do thisif the parent window closes also).

Example 1: Transferring data

The following example creates a dialog box that displays some simple controls and
populates them with data.
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Creating the dialog

Figure5-1 Sample Dialog L ayout
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In the interface builder, create anew dialog as above.

Note

By using default child identifiers, you avoid cn_eating a new pool _dictionary for the dialog. The first radio button of each
group must have the group style, so Radi 01 and Radi 04 rust both have this style. Use the identifiers
| DOK and | DCANCEL for the Ok and Cancel pushbuttons.

Testing the dialog

Displaying data
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Save the dialog as DemoDialog and test it using:
DenoDi al og new openOn: NULL

Passing NULL instead of an owner window allows you to test amodal dialog without
blocking an owner window.

Evaluate the code below to set the dialog data:

| input |
i nput := Mappi ngTabl e new.
i nput
at: IDC EDIT1 put: 'Edit text';
at: IDC LIST1 put: #('iteml' 'itenR' 'itenB');
at: |DC_COVBOL put: #(1 'citeml' 'citenR' 'citenB');
at: | DC_CHECK1 put: true;
at: | DC_STATICl1 put: 'New static text';
at: | DC_RADI Ol put: 1;

at: |IDC_RADI (4 put: true.
DenoDi al og new

set Dl gData: input;

openOn: 0

The dialog displays the data asin the figure below:
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Retrieving data

Figure5-2 Sample Dialog at Runtime
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Retrieving the datais slightly more complicated because it must be retrieved when the
user presses the Ok button, and before the dialog is destroyed. The code below installs a
handler for the | DOK event.

| input output dlg |
i nput := Mappi ngTabl e new.
i nput
at: |IDC_EDIT1 put: '"Edit text';
at: IDC LIST1 put: #('iteml' 'itenR' 'itenB');

at: |DC_COVBOL put: #(1 'citeml' 'citenR' 'citenB');
at: | DC_CHECK1 put: true;

at: | DC_STATICl put: 'New static text';

at: IDC_RADI O1 put: 1;

at: | DC_RADI O4 put: true.
output :=nil.
(dl g : = DenpDi al og new)
set Dl gData: input;
when: | DK perform [
out put : = Mappi ngTabl e new.
dl g get Dl gDat a: out put

openOn: 0.
out put

Remarks:

Given that the | DOK handler must also close the dialog, there are several waysto write
the handler block. The code given here eva uates to the output M appingT able,
meaning that the event framework will continue the event handler chain and evaluate
the static handler defined for this event, which isthe onOk method in DialogBox.

An dternativeisto close the dialog in the handler:

when: | DK perform [
out put : = Mappi ngTabl e new.
dl g getD gData: output.
dl g close.
0
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An integer return val ue stops event processing and the control of flow returns. In this
particular case, however, the return value is ignored because the dialog is closed in the
preceding line.

Creating a resource DLL

1. Openthe GUI builder, select File|New... and click on Resource script. Enter anew
folder name (for example dialog) in the Folder dialog box and click on Ok.

2. Open the previoudly defined dialog in the interface builder and save the dialog as a
resource (File|Save As... and click on Resource only, enter for example
DEMODI ALOG. RC as the file name under which to save).

3. Edit the resource script (DI ALOG. RC) and add theline;
RClI NCLUDE denodi al og. rc

Y ou can now compile the resource-only DLL by invoking the nmake utility from the
DI ALOG RES subdirectory.

The previous code becomes:

| input lib |
i nput := Mappi ngTabl e new.
i nput

DC EDIT1 put: 'Edit text';
LI ST1 put: #('iteml' 'itenR' 'itenB');
COMBOL put: #(1 '‘citeml’ 'citenR' 'citenB');
CHECK1 put: true;
STATIC1 put: 'New static text';
DC_RADI O1L put: 1;

at: | DC_RADI O4 put: true.
lib := HVbodul e | oadLi brary: 'dialog.dll".
Di al ogBox new

set Dl gData: input;

di al ogBox: lib tenplate: 1DD DI ALOGL owner: O.
l'ib close.

|8|8I8|8I

|
|
at: |
|
|
|

Example 2: Validation and event handling
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In this example, we will modify the dialog from above to implement simple validation
and event handling according to the following criteria:

¢ Thetextfield | DC_EDI T1 must contain exactly 7 characters.

¢ Theradio button group isonly enabled when thelist box (I DC_LI ST1) selection
is‘itenk’ .

¢ Theradio button Radio4 is hidden.
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Defining event handlers

We have to define an event handler for the LBN_SELCHANGE in| DC_LI ST1. The
handler has to enable or disable the group of radio buttons, depending on whether the
selecteditemis’ i ten?’ .

Figure5-3 Sample Dialog Events
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The implementation of onSel change looks as follows:

onSel change

Event handl er for event 'LBN _SELCHANGE in |IDC_LIST1
Return Val ue
An integer to return to the caller, nil to continue
event handling
| fEnabl ed
fEnabled := (self listboxAt: I1DC_LIST1l) getSelltem==1

self enableltem |DC RADI Ol state: fEnabled
self enableltem |DC RADI Q2 state: fEnabled
self enableltem |DC RADI O3 state: fEnabled

~NULL

Modifying the initindow method

Thei ni t W ndow method is called when the dialog is created but not yet displayed.
The code below limits the amount of text the user can enter into the edit field, hides the
fourth radio button and callsonSel change to disable the group of radio button.
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i ni t Wndow
Private - Initializes the w ndow.
self limtltenlext: |IDC_EDI T1 value: 7.

self showitem |DC RADIO4 state: false.
sel f onSel change.

Implementing validation

Vadlidation is performed in the predefined onOk handler. If validation fails, the method
sets the focus to the edit field, highlights the text and beeps. Thisis done by specifying
STATE_FOCUS and STATE_HI LI TEintheset | t en5t at e message.

onCk
Private - Perforns validation.

(self getltenText: |IDC EDIT1) size ~~ 7 ifTrue: [
" validation failed "
self setltenState: | DC ED T1
state: STATE_FOCUS| STATE_H LI TE
st at eMask: STATE_FOCUS| STATE_HI LI TE.
~ANULL

sel f close

Common Dialog Boxes

Common Dialog Boxes are system-defined dialogs for performing common tasks, such
as opening afile or choosing a printer. Common Dialog Boxes are subclasses of
CommonDialog, which isitself a subclass of DialogBox.

CommonDialog
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CommonDialog is the abstract superclass of al common dialog boxes. Common
dialogs use a structure that defines attributes of the dialog and returns data when the
dialog terminates. The structure is alocated automatically, and the caller can set and
retrieve the flags field (the values are specific to the common dialog). It is also possible
to set and retrieve the whole structure at onceusing get St ruct andset Struct: .

If acommon dialog is opened in response to a user action or if the frame window
should be disabled, the application must also set the parent with the par ent : message.
The effect isthat the dialog is modal (i.e., the parent is disabled) and centered on the
parent window.
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ColorDialog

FileDialog

ColorDialog returns an RGB color value selected by the user. Using ColorDialog is
straightforward:

Col or Di al og new open

The return value is the color selected by the user or nil if the dialog was cancelled.

FileDialog is the most often used common dialog. It can be used to open or save files.

The code fragment below opens a FileDialog:
szFile := FileD al og new

filters: "Method Files (*.sm\0*.smMOAIl Files (*.*)\0*.*\0';

title: "File in';

get OpenFi | eNane.
defExt:
Sets the default extension of the dialog, for example “.txt’. The default extension is
automatically appended to the filename if the user does not specify an extension.
fileName:

Sets the default file name, for example“ t est . t xt ' .

filters:

Sets amulti string that specifies the filters. A multi string is as String that contains
substrings, which are delimited by null characters. The entire string is terminated by a
double null. For example, the following isaliteral multi string:

"Method Files (*.sm\0*.smMOAIl Files (*.*)\0*.*\0";

Note that aliteral string is aways null terminated, so specifying a null with the escape
sequence ensures that the string is terminated with a double zero.

An alternate way isto create a Stream and append substrings using next Put Al | : ,
separated with next Put : 0.

initialDir:
Setstheinitia directory of thefile dialog.

title:
Sets the title (caption) of the dialog box.
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getOpenFileName
Opensthe Open file dia og.

getSaveFileName
Opensthe Savefile diaog.

FindReplaceDialog

FindReplaceDialog opens a find/replace dialog box. Edit callsthisdialog
automatically when the standard edit events (I D_EDI T_FI ND or

| D_EDI T_REPLACE) occur. If thisis not desired, an application must use alternate
command identifiers for these operations.

FontDialog

An application usesset Font : to set theinitialy selected font. The argument can be
either aLOGFONT or aFont object.

Example:

Font Di al og new
set Font: Font defaul t GUl Font;
open

PageSetupDialog

PageSetupDial og lets the user define attributes (paper size, margins) of a printed page.
The attributes are returned in a PAGESETUPDLG structure. The caller can specify
flags that control the measurement units to use and other dialog options before the
dialog is opened.

By calling the class method get Def aul t , it isalso possible to retrieve the default
attributes without opening the dialog.

PrintDialog

PrintDialog displays a print dialog. If successful, it returnsa PRINTDLG structure.
The structure defines print attributes such as the device context, the range of pagesto
print and so forth.
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By calling the class method get Def aul t , it isalso possibleto retrieve the default
attributes without opening the dialog.

Printing with PageSetupDialog and PrintDialog

Thefirst step is to gather the page and printing information from the user, or using
default values currently defined for the printer. The structure PRINTDL G contains the
printer device context and PAGESETUPDL G contains the margins. The bounding
rectangle can be calculated from the page dimensions and the margins.

Given the bounding rectangle, the printing code looks as follows:

hdc : = PrinterDeviceContext value: printdlg hdc.

(hdc startDoc: szDocTitle) ifFalse: [~false].
rcPage : = pagesetupdl g rc.

rcPage bottom rcPage bottom negat ed.

rcPage top: rcPage top negated.

printdl g nFromPage to: printdl g nToPage do: [ :i |
printdl g nCopies tinesRepeat: [
hdc startPage ifFalse: [
" an error occurred. break out of outer loop "
i := LOOPBREAK.

« draWi ng code here «
hdc endPage.
]

].
hdc endDoc.

Thevariable r cPage contains the boundaries in device units. The y-axis of printer
devicesisoriented differently, hence the negation of the top and bottom coordinates.

The loop prints as many copies and pages as specified in the PRINTDL G structure by
the user.
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A functional code fragment that uses default attributes for page and printing attributes
looks as follows:

| hdc print_struct pagesetup_struct rcPrintPage |
pageset up_struct := PageSetupDi al og get Def aul t.
print_struct := PrintDialog getDefault.

hdc := PrinterDeviceContext value: print_struct hDC.

(hdc startDoc: 'Printing Sanple') ifFalse: [~false].
rcPrintPage : = WnRectangle new | eft: pagesetup_struct rtMargin_left;
top: pagesetup_struct rtMargin_top negated ;
right: pagesetup_struct ptPaperSize_x - pagesetup_struct rtMrgin_right;

bottom pagesetup_struct rtMargin_bottom - pagesetup_struct ptPaperSize_y .
hdc startPage ifTrue:

" drawi ng code here "

hdc set MapMbde: MM HI METRI C.

hdc sel ect St ockObj ect: BLACK_PEN.

hdc sel ect St ockObj ect: LTGRAY_BRUSH.

hdc el li pse: rcPrintPage.

hdc endPage.

1.
hdc endDoc.

Using PrintPreview
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PrintPreview isa Smalltalk control that displays a print preview and is able to print
metafiles. The control covers the client area of the parent window. After the owner
initializes the control with printing and page attributes, the control prepares a metafile
and asks the owner to print on the metafile device context. The owner implements
printing in amethod f or mat Page: on: r cFor mat : . The first parameter is the index
of the page to print, the second specifies the device context, and the third is the
formatting rectangle.

Finally, printing consists of playing the metafile on the printer device. A metafileis
device-independant, so the printer output matches the screen display. The owner calls
filePrint: onthePrintPreview, the parameter being the document title as it should
appear in the print spooler.
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Figure 5-4 Print Preview
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MDI (Multiple Document Interface)

The MDI framework consists of two classes; M DI FrameWindow for the parent
(frame) and M DI ChildWindow for the child windows. An MDI child window looks
almost like aregular frame window with a caption and system menu, except that it is
confined to the client area of the parent frame (more precisely, the MDI client window,
which is aspecial window created by the parent frame).

MDI windows (frame and children) have a special window procedure. Y ou must
register M DI FrameWindow and M DI ChildWindow before you use these windows.

Creating MDI windows

MDI frame and child windows are created like regular frame windows. However, the
internal implementation differs substantially from regular frame windows, a point to
consider when re-implementing M DI creation messages.

Note A newly created MDI child window does not necessarily receive the focus.
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Using menus

The frame menu should display a standard Window menu that allows the user to
cascade, tile and arrange the MDI child windows. M DI FrameWindow supplies
handlers for these operations.

An application usesset Menu: wi ndowivenu: to change the frame menu. The
message replaces also the window menu, if not NULL.

Using per-child menus

It is sometimes desirable to display different menus for MDI child windows and the
frame. Class M DI ChildWindowEX is a specialized M DI ChildWindow that manages a
child menu, which replaces the frame menu whenever the child window is active.

SDIFrame and WinDocument

Overview

SDIFrame and WinDocument implement a document-view architecture. A SDIFrame
window is aview on adocument, usually a WinDocument instance. Operations such as
opening afile, saving, printing and displaying are delegated to WinDocument.

WinDocument

WinDocument should be used whenever a document-centric architecture is required. In
particular, thisistrue for OLE documents. Class WinOleDocument implements OLE
specific behavior.

WinDocument is asubclass of WinEventHandler, meaning that it can also handle
events.
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SDIFrame

SDIFrameis asubclass of FrameWindow that del egates document management
functionality to its owner, usually a subclass of WinDocument. SDIFrame also
implements print preview.

I nPlaceFrame adds OLE in-place editing functionality, meaning that an instance of
I nPlaceFrame can host an OLE server.

Property Sheets and Wizards

Overview

Property sheets are used to alow the user to modify properties of an object. A property
sheets displays one or more property pages. A property sheet is a system-defined dialog
that displays one or more property pages. The user can activate individual pages by
clicking on atab control. A pageisasubclass of PropertyPage that is based on a
dialog template, which can be defined dynamically or loaded from aresourcefile.

Wizards are similar to property sheets, except that the user cannot switch to an arbitrary
page and is forced to navigate using back and forward buttons.

Using property sheets

A property page closely resembles aregular dialog. The main differences are that the
page processes the appl y message and may (optionally) enable the Apply Now button
on the containing sheet. Technically, the property pageisachild of the property sheet.

The following restrictions apply to the resource template:
¢ Thepage must havethe W5_CHI LD style

¢ Thetemplate must not be of the DI ALOGEX type on certain versions of Windows
95.

Failure to observe these restrictions may generate exceptions at runtime.

When implementing a property page, you must provide the methods listed below:
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Table5-9 Property Page Class M ethods

M essage Description

windowClassName Answers the resource identifier of the dialog template.
windowClasslcon Optional - Answers the resource identifier of theicon to

display on the associated tab.

Table 5-10 Property Page Methods

M essage Description

windowTitle Answers the text to display in the tab.

apply Same as onOK in regular dialogs.

Creating page templates

Thetitle of the property page defines the name of the tab.

Migrating a dialog to a property page

When a dialog becomes too large or requires multiple dialogs, it is often desirable to
use a property sheet. Transforming adialog is straightforward and involves the
following steps:

¢ Changing the superclass to PropertyPage.

¢ Redesigning the resource template, removing action buttons such as Ok and Cancel,
changing the styleto W5_CHI LD and, if applicable, the dialog typeto asimple
DI ALOG (instead of DI ALOGEX).

¢ Changing the onCk (or equivalent) validation method to appl vy.

Creating a page

Once the template has been defined, a page just needsto implement the appl y method.
This method is similar to the onOk method in regular dialog boxes; itstask isto
validate the changes and store data for further retrieval.
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Creating a property sheet

In most cases, the property sheet itself does not implement much processing. In most
cases, it is sufficient to use the generic PropertySheet class.

A property sheet can be created on the fly, asin the code fragment bel ow:

| sheet |
sheet := PropertySheet new.
sheet createPage: Sanpl ePropertyPagel.
sheet createPage: Sanpl ePropertyPage2.
sheet hlnstance: Processor hlnstance
owner: O
icon: 0O
title: 'Sample Property Sheet'
flags: O.

Enabling the Apply button

The changed method in PropertyPage notifies the property sheet that the user has
made changes. In response to the notification, the property sheet may enable the apply
button.

In the preceding example, it is convenient to link the BN_CLI CKED and EN_CHANGE
events in buttons and edit fields, respectively, to the changed method. Therefore,
clicking on a button or entering some text enables the apply button on the property
sheet.

Returning event values

Certain property page events require the page to return a value that defines success or
failure of a given operation. PropertyPage automatically sets the return value as
returned by an event handler.

Table5-11 Property Page Events and Return Values
Notification Return Values
PSN_APPLY PSNRET_INVALID_NOCHANGEPAGE
PSNRET_NOERROR
PSN_KILLACTIVE TRUE (allow)
FALSE (disable)
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PSN_QUERY CANCEL

PSN_RESET
PSN_SETACTIVE

PSN_WIZBACK
PSN_WIZFINISH
PSN_WIZNEXT

TRUE (allow)

FALSE (disable)

void

0 (accept)

-1 (activate next or previous)
aproperty page identifier

-1 (disable)

0 (accept)

-1 (disable)

Please refer to the Win32 documentation for additional information regarding these

notifications.

Using external resources
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In this paragraph, we will save the resources previously defined as RC (resource script)
files. RC scripts can be compiled to an external resource DLL.

1. Opentheinterface builder and click on File]New and choose Resource Script.
Enter afolder name (for example Property_pages). This creates anew folder and a
subfolder names RES with an empty resource script and makefile.

2. Edit aproperty page in the interface builder. Open the properties for the dialog and
enter the name of the resource DLL (the same name as for the folder above).

3. Click on File]Save As... and choose Dialog and Resour ce template as the output
format. Save the resources of the two pages under for example PAGEL. RC and

PAGE2. RC.

The next step isto include the scripts for each page in the main script. Open the main
script (PROPERTY_PAGES. RC) and add the lines below:

RCI NCLUDE pagel.rc
RCI NCLUDE page2.rc

Run nmake and copy the new DLL to your Smalltalk working directory.



Overlapped Windows

Note Once the DLL version works as expected, you can remove the instance method i ni t Tenpl at e.

Tabbed Dialogs

TabbedDialog and TabbedDialogPage implement tabbed dial ogs such as the ones
used by the interface builder. TabbedDialog is atop-level window that must at |east
have one tab control. TabbedDialog operates on a collection of child pages. Each child
pageisadiaog that hasthe Ws_CHI LD style, and the parent dialog shows the page that
corresponds to the active tab and hides the other pages. On creation, the parent dialog
automatically computes the size required to display all the pagesit displays.

The default implementation in TabbedDialog does not assume that the dialog has an
Apply or Ok button. All changes that the user makes are generally applied immediately.
The pages are created when the parent dialog opens, unlike property sheets where pages
are created on demand. These are the main differences between TabbedDialog and
PropertySheet.

Individual pages can be accessed using pageAt : , which takes the one-based index of
apage. Themethod get | t enPage: returns the page that hosts a given child control.
This method is more flexible in that it allows the order and contents of the pagesto
change without breaking code that works on a particular control or group of controls.
To activate apage, use sel ect Page: .

Predefined Dialogs
Smalltalk MT comes with a set of general-purpose dialogs. The dialogs require

resources whose templates are in the SUPPORT subdirectory.

Prompters

Prompters prompt the user for text or selections among alist of items. Several
specialized Prompters provide list processing.
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Prompter Variables

Text Prompters (Prompter class)
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Table 5-12

Prompter Variables

tem

Description

list
optionl,
option2

text

title

selections

Contains nil or alist of itemsto display in the combo-box.

Contains nil if the dialog has no checkboxes, otherwise the initial state of
the checkbox items upon entry and the user selections when the dialog
closes. This can be acombination of STATE XXX constants, including
STATE_DISABLED to disable a checkbox.

Contains the text to display in the text field when the dialog opens, and the
user entry when the user presses the Ok button, a value of nil signifies that
the user pressed Cancel.

Thetitle to display.
Contains the checked items for a CheckListPrompter.

A Prompter dialog isasimple text prompter that lets the user enter text. It can also
display up to two check boxes that |et the user specify options, and initialize a combo-
box with predefined choices.

Figure5-5
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Figure 5-6 Text Prompter with ComboBox
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Example:
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The following code fragment opens a simple text prompter:

Pronpter owner: Transcript title: 'Enter sone text' text: 'Default text'

Thereturn value is the text entered by the user or nil if he or she pressed Cancel.

Todisplay alist of items:

Prompter new list: #('itenl' 'itenR' ‘'itenB' 'itemd')
text: 'itenR';
openLi stOn: Transcri pt

Prompter also handles up to two checkboxes. To use this feature, you must define a
prompter template with two checkboxes that have the identifiers| DC_CHECK1 and
| DC_CHECK2. The prompter must be created using

di al ogBox: t enpl at e: owner : and specifying a module handle and a template
resource identifier.

ListPrompter
ListPrompter displaysalist of items and lets the user select an item. There are two
templates; one with a combo-box and the other with alist box. To select a particular
item, set the text variable to the string to select.
Figure5-7 ListPrompter
Suloil on e HE
Iarri Uk :
i el |
Example:
The protocol isthe same as for aregular Prompter.
ListPrompter new list: #('iteml' '"itenm2' 'itenB' 'itenmd')
text: 'itenR';
openOn: Transcri pt
MuitiListPrompter

MultiListPrompter displays amulti-column listbox instead of aregular list, and
displays along name in an additional text field when the user selects an item. The
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contents are set viacont ent s, which takes aM appingT able that associates display
names with long names. The return value of openOn: isthetext of the selected item,
or nil if the dialog was cancelled.

Figure5-8 MultiListPrompter
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LERLTR TR demlUul Uy
LERLTR T
LERL T TS
[l | [l
Chizis he Cingnac e for o =

Example:
| contents |
contents : = Mappi ngTabl e new.
1to: 16 do: [ :i |
contents at: 'itenml,i printHexString
put: 'This is the long nane for item"',i printString

(Ml tiListPronpter new contents: contents) openOn: Transcript.

CheckListPrompter
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CheckListPrompter displaysalist of items, with a check box |eft to each item. The
caller can set theinitial check statesusing sel ecti ons: . TheopenOn: method
returns an array with the check status of each item. Thisis currently O (not checked) or
1 (checked). Future extensions may define additional values.

Thereturn valueis an array with the selection state of each item (either O or 1).
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Figure5-9 CheckListPrompter
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Example:

| rgTenpl ates options|
rgTenpl ates : = #( ' About box'
' Accel erators’
" Application icon'
' Message file'
' Standard tool bar bitmap'
"Tooltip string table'
"Version resource').
options : = CheckLi stPronpter new
contents: rgTenpl ates;
selections: #(1 0 1 1);
openOn: Transcript.

Opening a Prompter

If you use a predefined template, simply call openOn: and pass the owner window as
the first parameter. Otherwise, call di al ogBox: t enpl at e: owner: tousea
custom template, passing the module, the template name and the owner window.

The opening method is normally modal, so the call returns when the user closed the
dialog. Uset ext to retrieve the user entry. A value of nil indicates that the user
pressed Cancel.

Adding Online Help

All prompters come with a help icon on the caption and support online help. Please
refer to Instance-based Help on page 224 for an example on how to do this.
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Menus

About menus

Each top-level window can have one menu. A menu sends commands to the frame
window to which it belongs. A menu consists of a collection of popup menus, which
themselves contain menu items, separators or other popup menus.

A menu can be created from an in-memory template or it can be loaded from a resource.
Whileit is possible to create popup menus from an in-memory template, menu
resources always consist of atop-level menu.

Creating a menu

The instance method wi ndowiVenu returns a M enu instance or amenu identifier (a
string or integer). If the method returns an identifier, the framework loads the menu
with the matching identifier from the receiver’ s resource.

A menu can also be created from atemplate. To create a menu with popup menus, an
application uses code as below:

Menu new insertltem (Menu createPopupMenu
insertitem |IDFILE NEWtext: '&New fType: O fState: O before: -1;
insertitem NULL text: NULL fType: MT_SEPARATOR fState: M-S_DI SABLED before: -1;
insertitem |IDAPP EXIT text: 'E&it' fType: O fState: O before: -1;
yoursel f) text: '&File' fType: O fState: O before: -1;

insertltem (Menu createPopupMenu
insertitem |D HELP_INDEX text: '&Help Topics...' fType: O fState: O before: -1;
insertltem NULL text: NULL fType: M-T_SEPARATOR fState: MS_DI SABLED before: -1;
insertitem |D _APP_ABOUT text: '&About' fType: O fState: O before: -1;
yoursel f) text: '&Help' fType: O fState: O before: -1;

your sel f

Creating a floating popup menu
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A floating popup menu can be loaded from external resources and displayed using
popupMenu: nodul e: i ndex: owner : inclass Menu. The parameters to this
method are:

¢ Theidentifier of the top-level menu.
¢ The module from which to load the menu.

¢ The zero-based index of the popup menu. For example, it would be O for aFile
popup menu, 1 for Edit and so forth.
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¢ The owner of the popup. The owner is the window that receives commands from
the menu.

If the popup menu must be constructed at runtime, it is displayed using

t rackPopupMenu: and must be destroyed when the menu is no longer used. The
method t r ackPopupMenu: displaysthe popup and returns when the user either
selected an item or closed the menu.

Modifying a menu

An application usesi nser t Menu: toinsert anew menuitem, del et eMenu: to
deleteanitem, and set | t ent at e: to modify the state of an item.
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Controls

Windows controls are predefined windows implemented by the operating system or
extensions. A control implements its own window procedure.

The appearance and functionality of a control is often defined by styles that extend the
standard window styles such asW5_CHI LD and W5_VI SI BLE. Each control usesits
own set of styles.

An application can send messages to a control to perform some action or retrieve data.
Subclasses of Control encapsulate the functionality. Internally, a Control subclass
communicates with the window through predefined window messages above

WM _USER.

A control relays user-related events to the parent window. These take the form of
notification messages such as CBN_SEL CHANGE.

Event Notifications
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The table below lists commonly used event natifications. Most controls have alarge
number of additional notifications. Note that the notifications are sent after a user action
occurred, programmeatic changes to a control do normally not produce notifications.

Table 5-13 Commonly used Event Notifications
Notification Appliesto  Description
BN_CLI CKED Button The user clicked the control.
CBN_SEL CHANGE Combobox  The selection changed.
CBN_EDI TCHANGE Combobox  The edit contents changed.
EN_CHANGE Edit The edit contents changed.
LBN_SELCHANGE Listbox The selection changed.
LBN_DBLCLK Listbox The user double-clicked the control.
STN_CLI CKED Static The user clicked the contral.
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STN_DBLCLK Static The user double-clicked the contral.
LVN_| TEMCHANGED List view An item changed. Use this to detect selection
changes.
TCN_SELCHANGE Tab control ~ The selection changed.
TVN_SELCHANGED Treeview The selection changed.
Buttons

Buttons are generally used in dialogs. In most cases, it is not necessary to create a
Smalltalk object for the button, and the state of an individual button can be retrieved
and set using the Window item messages (set | t enfSt at e, get | t enfst at e, etc.).

It is often necessary to check one button (radio button or check box) in a group of
buttons and uncheck the remaining buttons. This can be accomplished with
checkltem first: | ast: asintheexample below:

sel f checkltem IDC RADIQ2 first: IDC_RADI OL |ast: |DC_RADI Q2.

Likewise, the identifier of the button that is checked in a group of radio buttons can be
retrieved with get Checkedl t em .

List Controls

List controls encompass the Listbox, Combobox, ComboboxEx, ListView and
TreeView controls. All these controls display a collection of items and let the user
select one or several items.

Adding Items

The methods that add items are specific to the control. You would usei nsert |t em
with listboxes and comboboxes, while other controls such as Listview require more
information.

When adding alarge number of items, it is useful to call set Redr aw. to inhibit
redrawing while the items are added, and you have of course to reset the redraw state
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when the list isfilled. For example, this cuts down thetime it takesto fill aListView by
half.

Associating items with objects

In the case of sequential listboxes, items are identified by indices, which can be used to
access the elements of an associated sequenceable collection.

Otherwise, you can use the parameter that can be associated with each item to store the
address of the associated Smalltalk object. The method get | t enDat a: returnsthe
Smalltalk object, given the index or handle to an item. Remember, however, that the
data parameter is not garbage collected. Therefore, the Smalltalk object must be
referenced from the Smalltalk image.

In most cases, working with alist control involves performing some action when the
user selects one or several items or when he or she double-clicks an item.

Y ou must first define ahandler for the event inthe classi ni ti al i ze method of your
frame window. For example:
addHandl er: LVN_|I TEMCHANGED in: |DC_LIST1 sel ector: #onSel Change;

Replace LVN | TEMCHANGED with the appropriate event id for the control you're
working with.

Retrieving the selection

In the case of asingle-selection control, use get Sel | t em Thereturn value isthe
zero-based index of the selected item or, depending on the control, a handle to the item,
or nil if nothing is selected.

For multiple selections, useget Sel | t ens to obtain an array of item indices or
handles.

Setting the selection

Themessagesel ect | t em selectsthe specified item. To ensure that theitemis
visible, useensur eVi si bl e: .
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Edit Controls

The edit controls an application can use are Edit and RichEdit. An edit control can be
single-line or multi-line. RichEdit is a more advanced control that is able to display
RTF text.

An applicationuses| i m t Text : tolimit the amount of text auser can enter. Since
edit controls have adefault limit, it is often necessary to increase the limit. To display
large amounts of text, an application can pass 16r OFFFFFFF  as the maximum value
(passing a zero value may not work as documented in the Win32 RichEdit
specifications).

Conflicts with Accelerator Keys

Some keys produce the same ASCI| values as CTRL +key combinations. These keys
conflict with edit controlsif one of the CTRL+key combinationsis used as a keyboard
accelerator.

Scroll Boxes

ScrollBar encapsulates ascroll bar. A vertical scroll bar sendsaVWw VSCROLL
message to the parent window, and a horizontal scroll bar sends a VWM HSCROLL
message. The default implementation in FrameWindow generates WM VSCROLL and
WM HSCROLL events when receiving these messages. The parameter to each of these
notifications contains the scroll code and the position. Note that for frame scrollbars,
the control identifier is zero.

The parent window can aso implement the WM VSCROLL and / or WM_HSCROLL
messages, which are sent when the user clicks on the scroll bar. 1t may delegate to the
scroll bar object by calling theupdat eScr ol | Pos: method, which processes the
input and updates the scroll bar accordingly.

Using Scroll Boxes

An application initially callsset Scr ol | Range: t o: r edr aw: to set the scroll
range and set Scr ol | Page: to set the size of a page (when the user clicks on the
bar). It must also implement WM VSCROLL and VW _HSCROLL handlers such asin the
code fragment below:
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onVscrol | : wparam

| iPos |

iPos := (self childAt: I DC_SCROLL1) updateScroll Pos: wparam
iPos notNi | ifTrue: [

sel f updatePosition: iPos

].
~NULL

The message updat eScr ol | Pos: updates the scroll bar and returns the new
position if it changed, otherwise it returns nil.

Using scroll bar styles
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A window that hasthe W5 VSCROLL or W5_HSCROLL styles has an associated scroll
bar that sends WM VSCROLL or WM HSCROLL messages. The parent window can use
f romHandl e: to create atemporary ScrollBar object for the scroll bar, given the
window handlein Iparam.
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Common Controls Library

The common controlslibrary isasupplemental DLL that ships with the operating
system. While standard controls were available on Windows 3.x, common controls first
appeared with Windows 95. The library is regularly extended with additional controls
or new functionality.

To function properly, the library must first be loaded and initialized. This can be done
with acall like the one below:

Control initComonControl sex: | CC_W N95_CLASSES| | CC_DATE_CLASSES|
| CC_USEREX_CLASSES| | CC_COOL_CLASSES.

Initialization is normally performed in W nAppl i cati on>>i ni t | nst ance.

Common Control Styles

This paragraph discusses styles that apply to header controls, toolbars, status bars and
rebars (sometimes also called CoolBars). These controls are able to resize and align
themselves on a specified size of the frame.

CCS_LEFT, CCS_TOPR, CCS_BOTTOMand CCS_RI GHT position the control at the
left, top, bottom or right side of the parent window, and resize the control so that it has
the same width or height as the parent. The style bits CCS_ NOPARENTAL I GN prevents
the control from moving (but it is resized automatically), while the style

CCS_NORESI ZE preventsit from resizing.

You will generally specify the automatic alignment styles for a stand-alone control, and
have to turn them off if the control (usually atool bar) is used in a ReBar (CoolBar), or
if both horizontal and vertical controls are used. The resizing codein FrameWindow
and Control takes care of the placement and alignsfirst the horizontal bars, then the
vertical bars.
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Application-defined Data

Most common controls that display multiple items can associate an application-defined
32-bit value with an item. It isalso called data or Iparam value. The Smalltalk
implementation of these controls can store and retrieve an arbitrary Smalltalk object.
The conversion to 32 bitsis done automatically.

Associating areal object with alist item is often convenient and allows an application
to use the control in an object-oriented way. However, an application needs to reference
the objects it passes to the control by some means because the control does not keep a
strong reference to the data objects.

ComboBoxEx

A ComboBoxEx control is an extension of the standard combo box control.
ComboBoxEx provides support for item images and item indentation, making it easy to
display ahierarchical structure. For more information about using and initializing image
lists, see also List View on page 122.

To insert itemsinto the control, you use the message
#insertltemtext:ilmage:indent: data:.

Using ComboBoXxEXx

Because ComboBoxEx is not areal ComboBox, its behavior differs. ComboBoxEx
worksin two modes: drop-down and combo edit / list control. The Smalltalk
implementation tries to hide the differences whenever possible.

DateTimePicker

A DateTimePicker letsthe user select or enter a date or time. The control accepts and
returns instances of Time.
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Figure 5-10 DateTimePicker Samples
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DragListBox

A DragListBox enables the user to drag items from one position to another. An
application can use adrag listbox to let the user define a particular sequencein a
collection of items.

Creating a DragListBox

A DragListBox is created like anormal ListBox. It isinitialized with the message
makeDr agLi st Box. The message subcl assPar ent W ndow. subclasses a
specified parent window and sends DragL istBox notifications to the parent.

The code sample below initializes a DragL istBox:

(I'b := self childAt: |1DC_LIST1)
makeDr agLi st subcl assPar ent W ndow. sel f.

Using a DragListBox

The parent of the listbox must handle the notifications DL_ BEE NDRAG,

DL_DRAGG NG DL_CANCELDRAG, and DL_ DROPPED. The parameter to each of
these messagesis a Pointer object to a DRAGLI STI NFO structure (remember that the
event is sent directly by the DragL istBox Smalltalk object without going through a
SendMessage).

Note that the DragL istBox draws the insertion cursor onto the client area of its parent.
Therefore, the parent must update its client area when the dragging operation
compl etes.
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Processing the DL BEGINDRAG natification

The parent needs to retrieve the source item and store it for later usage. The return value
is TRUE to enable the operation and FALSE to disallow it.

Example:

onBegi ndrag: pdlinfo
| dib

dlb := self childAt: |DC LI ST1.

m draggeditem : = dl b LBItenFronPt: pdlinfo ptCursor
autoScrol | : TRUE.

m draggedltem ~~ -1 ifTrue: [
ATRUE

].
~FALSE

Processing the DL DRAGGING natification

The parent retrieves the item under the cursor using LBI t enfr onPt : aut oScrol | :
and drawsthe insertion cursor using dr aw nsert : . Thereturn value specifies the
cursor to display.

Example:

onDraggi ng: pdlinfo

| nltemdlb |

dlb := self childAt: IDC_LIST1.

nltem:= dl b LBItenfFronPt: pdlinfo ptCursor
autoScrol | : TRUE.

nltem~~ -1 ifTrue: [
dlb draw nsert: nltem
ADL_COPYCURSOR

1.
ADL_STOPCURSCR

Processing the DL CANCELDRAG natification

This notification signals that the user cancelled the operation by pressing the escape key
or clicking the right mouse button. The parent window needs to clear the dragged item
and update the client area.

Example:

onCancel drag: pdlinfo
m draggedltem : = nil.
sel f updatedientRect.
AFALSE " no return value "

Processing the DL DROPPED natification

The parent window typically processes this notification message by inserting or
copying the dragged list item before the list item under the cursor.
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Example:

onDropped: pdlinfo
| dl b dropl ndex|
dlb := self childAt: IDC_LIST1.
dropl ndex := dlb LBlItenFronPt: pdlinfo ptCursor
autoScrol | : FALSE.
m dr aggedl tem ~~ dropl ndex ifTrue: [
dlb selectltem (dlb insertltem (dlb getltenText: mdraggedltem
at: dropl ndex).
dlb deleteltem (mdraggedltem > droplndex ifTrue: [
m draggedl tem + 1.

i fFalse: [
m dr aggedl t em

1).
sel f updateCientRect.

m._draggedltem = nil.
AFALSE " no return value "

Implementation Issues

DragListBox isimplemented in a peculiar way because the Windows control uses a
registered message to send notifications to the parent. In addition, some of the
notifications require areturn value, which is difficult to implement in adiaog.

The message subcl assPar ent W ndow. subclasses the parent window and hides
these details. The parent window simply uses the control like any other Windows
control, and receives notifications through the event handler system.

HeaderControl
A Header Control displays column headers. The Header Control is seldom used alone;

it is often used in conjunction with a ListView control in report view. The user can drag
the dividers and click or double-click on columns.

HotKey

A hot key isakey combination that activates a given application window. Each top-
level window of an application can have one associated hot key. When the user presses
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the hot key from any window on the desktop, the corresponding top-level window is
activated.

A Hot-Key control enables the user to enter a key combination that can be used as a hot
key. An application retrieves the key combination with get Hot Key.

An application sends WM_GETHOTKEY to awindow to retrieve the current hot key for
thiswindow, and WM _SETHOTKEY to set anew value.

ListView

List viewsdisplay alist of items. There are two basic view types, icon view and report
view. lcon views consist of three subtypes: small icon view, large icon view, and list
view.

The most widely used view typeisreport view, which displays columns of data. An
optional header control displays the headers of the columns, and the user can click on a
column header to sort the data (sorting is still the application’ s responsibility). An
application can switch between the different views by changing the list view style with
theset St yl e: method.

Creating a ListView

A ListView object must first be attached to the list view control. Thisisnormally done
inthei ni t W ndow method, and it is agood time to set the column widths and
headers for areport view. The code to perform this typically looks as follows:

| v |

Ilv := ListView new attachTo: self id: |IDC_LIST1.

v
insertColum: O fnt: LVCFMI_LEFT cx: 280 text: 'Nane';
insertColum: 1 fmt: LVCFMI_LEFT cx: 140 text: 'Value'

Y ou can aso use the GUI builder to generate this code.

Using Image Lists

Y ou can specify an image list to be used with the list view. Animagelist is usualy
created from a bitmap that residesin aresource DLL.

The code fragment below loads an image list for icon view:

286



Common Controls Library

imLarge := | mageLi st | oadl mage: m nodul e
resour ceNane: | DB_LARGElI CONS
cx: 32
cGow O

cr Mask: CLR_NONE
type: | MAGE_BI TVAP
flags: LR _LOADTRANSPARENT| LR_SHARED| LR_CREATEDI BSECTI ON.

In this example, theimage list is created from a DIB resource. The
LR_LOADTRANSPARENT flag makes the images transparent (based on the color of the
first pixel in the upper left corner), and the LR_SHARED flag specifies that the resource
can be shared. The caller must also specify the width of each image in the bitmap.

It isaso possible to use the class method | oadDI Bl nage: r esour ceNane: ¢Xx: in
Imagel ist, which defaults to the parameters above. The complete initialization code
that also insertsitemsinto the list view (referenced by the variablel v) is:

im Small inLarge |
m Smal | : = | magelLi st | oadl nage: m nodul e

resour ceName: | DB_SMALLI CONS
cx: 16.
imLarge := | mageLi st | oadl mage: m nodul e
resour ceNane: | DB_LARGElI CONS
cx: 32.

Iv setlmagelList: im Snall type: LVSIL_SMALL;
set Il mageLi st: inlLarge type: LVSIL_NORMAL;
insertltenRow | abels: #('yellow ) ilmage: O state: 0 data: O;
insertltenRow | abel s: #('pink') ilnage: 1 state: O data: O;
insertltenRow | abels: #('red') ilmage: 2 state: 0 data: O;
insertltenRow | abel s: #('orange') ilmage: 3 state: 0 data: O;
insertltenmRow | abel s: #('cyan') ilnage: 4 state: 0 data: O;
insertltenRow | abel s: #('green') ilmage: 5 state: 0 data: O;
insertltenRow | abel s: #('blue') ilnage: 6 state: 0 data: O.

oOUhhWNEFO

Inserting Items

To populate aListView with data, an application uses either

i nsertltenRow. | abel s: dat a: or an extended method that also sets an image
index and the state of the row. The parameters are the row index (or —1 to append at the
end of thelist), an array of strings that specifies the text to display in each column, as
well as an application-defined object.

The application-defined value should identify the object being displayed in the row.
The application can retrieve it with get | t enDat a: , passing the row index to this
method. The methodsin ListView convert the object to and from a 32-bit value.
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Sorting a ListView

The user can sort the columns by clicking on a column header. Y ou must first
implement an event handler for the LVN_COLUMNCLI CK event that istriggered when
the user clicks on acolumn header.

An application usesthe method sort I t ens: wi t h: to sort the list view control. The
first parameter is a sorting block that compares two 32-bit values previously associated
with an item and returns the result of the comparison. The resulting value can be
negative, zero, or positive. The second parameter is passed to the sorting block as third
argument.

The 32-hit values are the addresses of the associated objects, so atypical block looks
like:

lv sortltems: [ :pa :pb :lparam|
pa _asObject. conpareWth: pb _asObject.
].

The method conpar eW t h: isimplemented in String, Number and Time.
Alternatively, you can a so use code such as the one below:

Iv sortltems: [ :pa :pb :lparam| | a b |
a := pa _asObject. b := b _asbject.
a < b ifTrue: [-1]
i fFalse: [
a == b ifTrue: [0]
i fFal se: [1]

For performance-sensitive scenarios, you can implement a class method and export it so
that it is called directly. Y ou can take advantage of the third parameter to pass any data
that is required to compare the items.

Processing Notifications
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A ListView isalist presenter, so the most important notification is

LVN_| TEMCHANGED. The parameter to this notification messageis an
NMLISTVIEW structure with further information about the change event. In general,
list presentersignore the parameter and retrieve the selected item with get Sel | t em
However, the ListView tendsto send many LVN_| TEMCHANGED natifications when
the user selects anew item, so it is good practice to filter out the messages of interest.

Code that processes the structure looks like:
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sel Changed: pnmhdr
| pnm.listview |
pnm_|istview := NMWMI STVI EW fromAddr ess: pnmnhdr.
pnm|istview uNewState ~~ (LVIS_SELECTED| LVI S_FOCUSED) if True: [~NULL].
“ Further processing here ... *“

The code above is somewhat inefficient because it creates anew NMLISTVIEW object
on each invocation, only to find out that most of them are not needed. The version
below uses stack-local alocations to avoid creating garbage:

sel Changed: pnmhdr
| pnm.listview |
NMLI STVI EW f r omAddr ess: pnnmhdr pointer: (pnm.listview := Pointer |ocal New).
pnm |istview uNewState ~~ (LVIS SELECTED| LVI S_FOCUSED) if True: [~NULL].

Thefirst line creates alocal Pointer to aNMLI STVI EWstructure. The message
f romAddr ess: poi nt er: initializes the Pointer instance with the field declarations
of the NMLI STVI EW structure.

MonthCal

A month calendar control implements a calendar-like user interface. This provides the
user with avery intuitive and recognizable method of entering or selecting adate. The
control use Timeinstancesto set and retrieve dates.

ProgressBar

A ProgressBar displays the progress of an operation in arectangle that is gradually
filled. A progress bar is often used to indicate the progress of alengthy operation.
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ReBar

A ReBar control acts as a container for other child controls. It displays one or more
bands of controls, where each band can have a gripper bar, atext label, abitmap and a
child window.

Creating a ReBar

A ReBar control is created with the messagecr eat eReBar: styl e:align:id:.
The alignment style defines the orientation of the control (horizontal or vertical).

The code below creates a ReBar :

rebar := ReBar new createReBar: self
style: W5_VI S| BLE| Ws_BORDER| W5_CHI LD| W5_CLI PCHI LDREN] W5_CLI PSI BLI NGS|
RBS_TOOLTI! PS| RBS_VARHEI GHT| RBS_BANDBORDERS
CCS_NODI VI DER| CCS_NOPARENTALI GN
align: CCS TOP
id: | D_TOOLBAR

Inserting Child Controls

Thefirst step isto create the control to insert, the second isto insert it into the ReBar..

Howto insert a toolbar

The code that creates the toolbar can specify the current window as parent. The message
insertControl :[...] insertsthe control into the ReBar, which also entails
reparenting it.

The parameterscxM nChi | d and cyM nChi | d specify the minimum width and
height of the bar. The ReBar displays the band on a new line as needed.

rebar insertControl: self initTool Bar
index: 0
cxM nChild: 100
cyM nChild: 22
cx: 60
text: nil
bar Styl e: RBBS_CHI LDEDGE| RBBS_BREAK
bi t map: 0.

How to insert a combo box
1. Creating the combobox

Once the combo box has been created, the message subcl assEdi t subclassesthe
edit field of the combobox to notify the parent about key events. The parent may
process the ESC, TAB and ENTER keys.
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The message set Font : setsthe font of the combobox to the default GUI font, which
isthe font used to draw menus and the labels on the ReBar.

cbx := ConboBox new creat eW ndow. NULL
exStyle: 0
style: WS _CHI LDl Ws_CLI PSI BLI NGS| W5_BORDER| W5_VSCROLL| CBS_SORT]|
CBS_DROPDOWN| CBS_AUTOHSCROLL| W5_VI SI BLE
x: 0
y: 0
cx: 200
cy: 200
parent: rebar
id: | DC_CONTROLL.
cbx subcl assEdit setFont: Font defaul t GU Font.
cbx setContents: #('lteml' 'ltenmR' 'ltenB'); selectltem O

2. Inserting the combobox

The minimum width in cxM nW dt h specifies the minimum size of the control. It is
also possible to specify a minimum height; the value nil letsthe ReBar use the current
height of the control as minimum value.

Finaly, the flag RBBS_FI XEDSI ZE specifies that the combobox has a fixed size.
Without this flag, the width of the combobox is variable.

rebar insertControl: cbhx
index: 0
cxM nChild: 100
cyMnChild: ni
cx: 200
text: 'ltem’
bar Styl e: RBBS_CHI LDEDGE| RBBS_FI XEDSI ZE| RBBS_GRI PPERALVAYS
bitmap: nil.

The last parameter can aso specify a bitmap to use as background. In this case, the
parent must del ete the bitmap when it is destroyed to free the bitmap resource.

RichEdit

A RichEdit control accepts formatted text and embedded OL E documents. The control
also understands the RTF format.

RichEdit20 is amore advanced version of RichEdit that understands more RTF
formatting. Beware that its CrLf character tranglation is not compatible with RichEdit.
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StatusWindow

A StatuswWindow (also called Status Bar) is a horizontal window at the bottom of a
frame window. It has parts in which information can be displayed.

Creating a StatusWindow

A StatuswWindow is opened using openW ndowl n: . To set the parts, the parent
window canuseset Part s: , which takes an array of part widths. Another useful
messageisset Char Part s: , which also sets the part widths but uses the number of
characters as a measurement unit.

The code below opens a status window and defines 3 parts; the first part uses 20
character units, the second is able to display 40 characters, and the third extends to the
right edge of the parent.

(St at usW ndow new openW ndow n: sel f)
set CharParts: #(20 40 -1).

Using a StatusWindow

The framework automatically displays menu help text in the status bar. Thisisdonein
simple mode, where the control only displays one part.

Themessageset | t enText : t ext: setsthetext in aspecified part. A
FrameWindow can also use the message set St at usText and
set St at usText : i n: to set thetext in astatus bar part.

Using a Progress Bar inside a StatusWindow
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The message openPr ogr essBar | n: opensaprogress bar in agiven part. The
messages set Pos: , set Range: ,set St ep: and st epl t act on the progress bar.
The message cl ose closesthe progress bar, if thereis one (otherwise it closes the
status bar). This makes it easy to pass a status bar to code that expects a progress bar.

The messagef or kPr ogr ess: opens aprogress bar, executes agiven block ina
separate thread, and closes the progress bar on exit. It also initializes the thread-local
variable progressi ndicator with the status bar. Code executed in the thread typically
calsset Range: to set the progressrange and st epl t to indicate the progress.
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TabControl

A TabControl displays arow of tabs the user can click onto. It is often used to display
pages of information. In general, you will not create a TabControl directly but use it
through a PropertySheet or a TabbedDialog.

Creating a TabControl
Creating a TabControal is analogous to creating aregular control. You can try out the
different styles with the GUI builder.

An interesting feature is the button style, when combined with the multi-select style.
The user can press severa buttons by holding down the control key.

Initializing a TabControl

Themethodi nsertltem text:il mage: param addsrowstoaTabControl.
Thefirst parameter specifies the zero-based row index to insert, the second the tab
label, followed by an index into an image list and an application-specific parameter.
The code fragment below creates three tab buttons:

(self childAt: |DC_TAB1)

insertitem O text: 'list 1' ilnage: O param O;
insertltem 1 text: 'list 2' ilmage: O param O;
insertitem 2 text: 'options' ilnmage: O param O.

Using a TabControl

The event TCN_SEL CHANGE notifies the owner of a TabControal that the user clicked
on atab. The message get Sel | t emreturns the selected tab index, if any.

Example

The following example simulates pages by showing and hiding different controls when
the user selects atab.
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The code that handles the TabControl selection notification is as follows:

| iSel rgPagelds|
rgPagelds := #( (##(1DC_LIST1)) (##(I1DC_LIST2)) (##(1DC_RADI O1) ##(|1DC_RADI (2))
).
" get zero-based selection index "
iSel := (self childAt: |1DC TABl) getSelltem
iSel notNil ifTrue: [
iSel :=iSel + 1.
rgPagel ds basicDo: [ :i :rglds |
" hide / show those itens "
rglds basicDo: [ :j :id |
self showtem id state: i == i Sel
]
]
].
ANULL

Note It is easier to use a TabbedDialog in order to duplicate the functionality above.

ToolBar

A Tool Bar lets you arrange buttons and more generally controls such as combo boxes.
Class ToolBar encapsulates the ToolBar control. Toolbars use image lists to represent
button images. Optionally, atoolbar can display alabel next to each button.

Creating a ToolBar

Y ou can create a ToolBar like any other window. Once created, you can add buttons to
the tool bar, set the properties such as the image lists used to display buttons, and add
the labels that appear under or next to each button.

However, there is a more straightforward method that creates and initializes the tool bar
in one step:

creat eTool Bar: hl nstance: styl e: i d: bi t napl D: bi t mapCount : but t
onSt ruct : di spl ayl ndex.

Notable parameters to this method are:

¢ Thebitmap identifier (bi t mapl D) that identifies the bitmap resource for the image
list. Pass NULL if there is no bitmap.

¢ Thenumber of imagesin theimagelist.
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¢ Thebutton structure. Thisis an array of TBBUTTON structures, one for each button.

Y ou will find it convenient to define the structurein aWordArray asfollows:
#[ <index of tool image> <command id> <button style & state> 0 <index of
string>]

» |ndex of tool image the zero-based index of the image you wish to display in
the button.

= Command id the command identifier (an event id) that the button sends when
the user clicksit. It usually aso corresponds to a menu command.

= Button style & state isacompound value that specifies the style and state of
the button. Common combinations are defined in the pool dictionary
St Resour ceConst ant s.

* Index of label string A label may be associated with each button. The value
you specify hereisthe zero-based index in a string list to be passed to the tool
bar.

¢ Thedisplay index. This can be either a point that specifies the button extent or one
of the following values:
DPI _STD72, DPI_STDO6, DPI _STD120.

Initializing the ToolBar

You canusel oadSt ri ngs: nodul e: to set the label list of the tool bar. The first
parameter is an identifier of the string resource, the second specifies the modul e that
contains the resource. The label list must be a multi-string (null-terminated strings with
the last string terminated with a double zero).

For example, the line below defines the browse labels of the browse toolbar in the Class
Hierarchy Browser.

| DS_STBROWSE " Back\ OFor war d\ 0St op\ OUp\ ODown\ ORef r esh\ OHone\ OFont \ OQuer y\ 0"
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If the toolbar uses labels, the string index of each button structure must beinitialized as
well. The code fragment below initializes the button structure array for the browse
toolbar:

buttonArray := #[

TOOLI MAGE_BROWSEBACK I D_BACK TB_ENABLEDBUTTON 0O TOOLI MAGE_BROWSEBACK
TOOLI MAGE_BROWSEFWD I D_FWD TB_ENABLEDBUTTON 0 TOCOLI MAGE_BROWSEFWD

0 0 TB_SEPARATOR -1 -1

TOOLI MAGE_BROWSEQUERY | D_SEARCH TB_ENABLEDBUTTON 0 TOOLI MAGE_BROWSEQUERY
0 0 TB_SEPARATOR -1 -1

TOOLI MAGE_BROWSEUP 1D _UP TB_ENABLEDBUTTON 0O TOOLI MAGE_BROWSEUP
TOOLI MAGE_BROWSEDOVWN | D_DOWN TB_ENABLEDBUTTON 0 TOOLI MAGE_BROWSEDOWN
0 0 TB_SEPARATOR -1 -1

TOOLI MAGE_BROWSEREFRESH | D REFRESH  TB_ENABLEDBUTTON 0O

TOOLI MAGE_BROASEREFRESH
1.
Special Considerations

If you usethe TBSTYLE_LI ST style and display labels, you may have to enlarge the
buttons using the message set But t onW dt h: . Otherwise, labels may be cut off.

Updating the Toolbar
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In most cases, atoolbar is updated during idle processing. When there are no more
messages in the message queue, the message |oop sends the message onl dl e to each
top-level window. The default code in FrameWindow looks for a control whose
identifier is| D_TOOLBAR and raises the event #updat eCommandUl with the
control. This event must be handled be the window or child controlsto update button or
menu states.

To benefit from this behavior, the toolbar must be created with the identifier

| D_ TOOLBAR If thisis not the case, or if more than one toolbar are attached to the
window, it is necessary to implement onl dl e in order to dispatch the update event to
the tool bar(s).

The code to update two toolbars typically looks as follows:
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onldle

sel f event: #updat eConmandUl
with: (mproperties at: | D _TOOLBAR+1)
wi th: NULL.

sel f event: #updat eCormandUl
with: (mproperties at: | D_TOOLBAR+2)
with: NULL.

ATRUE

Toolbar customization

Toolbar customization allows a user to customize the buttons displayed by the toolbar.
To enable the built-in customization feature, the toolbar must have the
CCS_ADJUSTABLE style.

The user can customize the toolbar by dragging buttons while holding down the shift
key, or by double-clicking on the toolbar. In the latter case, a dialog allows the user to
add or remove buttons. The events that the parent window must handle are:

TBN_QUERY! NSERT, TBN_QUERYDELETE, and TBN_GETBUTTONI NFO.

FrameWindow provides an implementation that allows the user to drag, delete, and
add buttons. To enable the default processing, the parent window must link the events
to the default handlersin the event initialization method:

sel f
" tool bar custom zation handlers "
addHandl er: TBN_QUERYI NSERT in: | D TOOLBAR sel ector: #tbQuery;
addHandl er: TBN_QUERYDELETE in: | D TOOLBAR sel ector: #tbQuery;
addHandl er: TBN_GETBUTTONI NFO i n: | D _TOOLBAR sel ector: #tbGetlnfo:;

The window must also implement at bBut t ons method that returnsaWor dArray
with all possible buttons. The array has the same structure as the one used in the toolbar
initialization method; it just defines al buttons that the user may add. The handler

t bGet | nf o: initidizes the customization dialog from this structure.

It is also important that the toolbar has associated tooltip strings in the resource module.
These strings are loaded by the customization method (otherwise, the user just sees the
button bitmaps but has no clue about what the button does). Of course, this does not
mean that the toolbar must also display tooltips, it just requires that the corresponding
string table is in the module. For example, thereislittle value in displaying tooltips
when the buttons already have alabel.
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Tooltip

The Tooltip control displays a small window with descriptive text when the mouse
hovers over atool. The control can manage multiple tools, and atool can be a child
window or arectangular area.

The text can be predefined or returned at runtime when the control sends the
TTN_NEEDTEXT notification. Smalltalk M T offers two mechanisms for this case:

¢ If theidentifier of the tooltip control is| D_TOOLTI P, an event is generated and

the application must handle the event TTN_NEEDTEXT: : | D_TOOLTI P. Thefirst

parameter is apointer to a TOOLTI PTEXT structure to befilled.

¢ Otherwise, the framework assumes that the parent’s window module contains a
resource string under the tool’ sidentifier + TOOLTI POFFSET.

Using Tool tips
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The easiest way isto attach a predefined string to each tool. The example below
attaches tooltipsto dialog controls:

(Tooltip new createTool tip: self)
addTool Wndow. (self getDigltem |DC RADIOL) text: 'first option';
addTool Wndow. (self getDi gltem |DC RADI2) text: 'second option';
addTool Wndow. (self getDigltem |DC COVBOL) text: 'select item

If you use aresource file, you must define a string table as below:
STRI NGTABLE

{

| DC_RADI O1 + TOOLTI POFFSET "first option"
DC RADI Q2 + TOOLTI POFFSET "second option"
DC_COovBOl + TOOLTI POFFSET "select itent

|
[
}

The creation code becomes:

(Tooltip new createTool tip: self)
addTool Wndow. (self getDi gltem |DC RAD OL;
addTool W ndow. (self getD gltem |DC _RAD 2;
addTool W ndow. (self getD gltem |DC_COVBQOL)

The framework handles the tooltip notification automatically (it is the same code that
returns the tooltip text for tool bars).

Alternatively, you can define the resource string at creation time, using the message
addTool W ndow: t ext : nodul e: and passing aresource identifier aswell asa
module handle. This method is dightly more efficient at runtime.
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Dynamic Tooltips

Y ou may use this method if the text to be displayed varies at runtime, and if using
#updat eTi pText to change thetext isnot desirable (for example, because the text
depends on the mouse position). Add the following line to the event initialization
method in the application window:

addHandl er: TTN_NEEDTEXT in: |D TOOLTI P sel ector: #onNeedText:

The handler method onNeedText : must analyze the NMTTDI SPI NFO structure,
which is passed via the notification message, and set the text field to the appropriate
value. Thei dFr omfield of this structure identifies the toal, either by its window
handleif it isawindow or by an identifier provided at tool creation. The uFl ags field
containsthe TTF_I DI SHWND flag if the identifier is awindow handle.

Therefore, the code for a handler method looks as follows:

onNeedText: | param

Private - Handles the tooltip text callback notification.
Par anet ers:

| param A pointer to a NMITDI SPI NFO structure.
Ret urn Val ue:

Al ways NULL.

| nmhdr szText id|
nhdr = NMITDI SPI NFO fromAddr ess: | param
id:= nnhdr idFrom
nnmhdr uFl ags & TTF_I DI SHWND ~~ O ifTrue: [

" retrieve the tool identifier "

id:= WNAPI GetWndowLong: id with: GAL_ID
].

szText :=id
case: |IDC_RADIOL perform ['currently option 1']
case: |IDC_RADI2 perform ['currently option 2']

case: | DC_COVMBOL perform ['select now ]
default: [id printString].

nmhdr szText: szText.

ANULL

Using Tooltips in Property pages

Using statically defined tooltipsin a property page is the same as using tooltipsin a
regular dialog. Dynamic tooltips require a hook procedure for the property shest.
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TrackBar

A TrackBar, aso caled dlider, isfunctionally equivaent to a scroll bar. The dlider can
be vertical or horizontal, and generates the corresponding WM _XSCROLL notifications
when the user changes the position.

TreeView

A TreeView displays ahierarchy of items. The user can expand and collapse nodes.

Creating a TreeView

Creating a TreeView is straightforward. If the control isto use an imagelist, thisisalso
the right time to load and set the image list. The code fragment below loads an image
list from aresource module:

im Small := I mageLi st | oadDl Bl mage: resourceMdul e
resour ceName: | DB_SMALLI CONS
cx: 16.

tv setlnmageList: imSmall.

Initializing a TreeView

TreeView maintainsa TVINSERTSTRUCT structure that is used to insert or modify
an item. The application sets default attributes to use with the message

mask: st at e: st at eMask: i | mage: i Sel ect edl mage: . The message

addl t em t o: par am adds anew item to a specified node. The parametersto this
method are the item text, the handle to the parent node, and an application-defined
value that identifies the node. The root node is defined by the constant TVI _ ROOT.

Using a TreeView

A TreeView isalist presenter, so the most important notification is

TVN_SEL CHANGED. The parameter to this notification message is an NMTREEVI EW
structure with further information about the change event. A simple handler can ignore
the parameter and retrieve the selected itemwith get Sel | t em
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Implementing Drag-drop

This paragraph discusses how to implement drag-drop in TreeView controls. The
technique for other list controls such as ListView isthe same.

Note that OLE drag-drop is not discussed here. Therefore, the dragging technique
introduced hereislimited to a single window or a set of windows managed by the same
application.

Initiating a dragging operation

The event TVN_BEG NDRAG signals the owner that the user started dragging an item.
The parent window handles the event by retrieving the image list associated with the
control (or loading an image list if the control has no associated image list). It then calls
begi nDr ag: dxHot spot : dyHot spot : intheimagelist to create atemporary
image list to drag. The method | mageLi st >>dragEnt er: wi t h: wi t h: locksthe
window and begins drawing the image.

The parent window must also maintain an instance variable that receives the item being
dragged, and is set to nil when no drag operation isin progress. Finally, it captures the
mouse input and hides the cursor.

Processing mouse move messages

The parent window implements WM_MOUSEMOVE: wi t h: wi t h: to process mouse
messages during the dragging. | mageLi st >>dr agMove: wi t h: drawsthedrag
image list at the specified position.

The method hi t Test : wi t h: in TreeView answers the item under the cursor. To
highlight a drop target, the parent sendssel ect Dr opTar get : to thetreeview.

Operations that modify the screen must be wrapped into | mageLi st >>dr agLeave
and | magelLi st >>dragEnter: w th:wth: tounlock thewindow and let it
update the screen.

Ending the dragging operation

The parent window implements WM _LBUTTONUP: wi t h: wi t h: tofinalizea
dragging operation. Thisentailscalling | mageLi st >>dr agLeave and

| mageli st >>endDr ag. The parent window retrieves the drag target with
get Dr opHi | i t e and performs the operation.
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UpDown

An UpDown button, also called a spin button, consists of two scroll bar buttons. It is
equivaent to ascroll bar and generates scroll events.

A spin button is often attached to a buddy window, which displays the spin position.
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Smalltalk Controls

Overview

Smalltalk MT implements a set of windows that you can reuse, such as SplitPane,
ContainerWindow, CustomControl and ViewControl. Finally, Trayl con displays an
icon on the taskbar and manages user interactions.

ContainerWindow

A Container Window groups a collection of controls so that they can be moved or
resized as one unit. A Container Window can have a SplitPane, which acts on the
child windows of the container.

Using Container Window enables an application to display more than one split pane.

CustomControl

CustomContr ol implements the code needed to create an arbitrary Smalltalk child
window from a dialog template. An application does not directly use CustomControl,
and the classis only used in conjunction with dialog resources. CustomControl
implements the window procedure that |oads the creation data and instantiates a target
control.

A dialog template that uses a Smalltalk control must specify the CustomControl’s class
(‘STCONTRCL’ ) and a byte array of creation datathat contains at least the name of the
Smalltalk window to instantiate. It may also contain optional datathat is passed to the
new instance viathe message cr eat eW ndow: si ze: . Thefirst parameterisa
pointer to the remaining data (after the class name has been read) and the second
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specifies the size of this data. The creation datais specific to the control (and can be
void).

Currently, only OleControlContainer isimplemented as a custom control.

Example:

The line below defines an OleControlContainer in adiaog script (RCfile):

CONTROL "" I DC_CONTROL1, "STCONTROL", WS_CHI LD Ws VI SIBLE, 10,5, 190, 91,
BEG N
0x6c4f 0000L, 0x6e6f 43651, Ox6C6f 72741, Ox746e6f 431, 0x656€6961L, 0X72L
END

OleControlContainer

An OleControlContainer encapsulates an OLE control. The OLE server is created as a
child of the OleControlContainer, meaning that an application can interact with the
container as with any other control, namely moving, sizing and hiding / showing the

window. In particular, the application does not need to implement any OL E specific
code.

The data that pertains to the OLE server objectsis serialized to a byte array, which is
stored as a separate resource, or, in the case of in-memory templates, as a property of
the dialog. There can be more than one OLE server objects (i.e., instances of
OleControlContainer) in adialog. When the dialog is created, it iterates over the
binary data stream and initializes each control with its data, by sending it a window
message. The message to send is defined in the binary resource. The architectureis
therefore very general and not limited to OL E containers.

Traylcon

A Traylcon manages atray icon, which is anicon that appears on the Windows
taskbar. Traylcon presents a programmer-friendly interface to tray icons.

Traylcon enforces the correct user interface behavior for tray icons, as per the Windows
Interface Guidelines for Software:

* Tray icons should have tooltips.
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» Right-click should display a popup menu with commands that bring up property
sheets or other windows related to the icon.

= | eft-double-click should execute the default command in this menu.

= Left-click should display further information or controls for the object represented
by the tray icon.

To use Traylcon, implement a subclass and override the instance methods

#def aul t Act i on —which handles the user’ s double-click on theicon - and

#wi ndowivenu. Traylcon runsin its own thread and message loop and is therefore
completely independent from the main application.

Note Traylcon is implemented as a dialog in order to use the message loop implemented by the operating system for modal
dialog boxes. Otherwise, it would have to provide its own message loop.

SplitPane

A SplitPane separates a window region vertically, horizontally, or both, and alows the
user to drag the boundaries.

Technically, a SplitPaneis at the bottom of the Z order of the panes it manages, and
adjusts the framing ratios of the windows according to the split position.
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ciapTeEr 6 | Ntroduction to OLE Programming

This chapter presents OLE programming in Smalltalk MT. OLE is avast topic; so we
will focus on the Smalltalk implementation and some of the most often used
programming topics.

The first section introduces some OLE programming fundamentals. It assumes that you
are dready familiar with DCOM technology. If you are interested in more detailed
information concerning DCOM, refer to the DCOM documentation in the distribution
kits for Windows NT and Windows 98 or on Microsoft's Internet site. Useful books on
the subject are "Inside OLE, Second Edition" by Kraig Brockschmidt, "Understanding
ActiveX and OLE" by David Chappell, and "Inside COM" by Dale Rogerson, all
published by Microsoft Press.

The following sections discuss using OL E controls, implementing OLE data transfer
and OLE drag - drop.

Finally, a section on ActiveX components explains how to implement ActiveX controls
in Smalltalk, and atroubleshooting section discusses OLE debugging and diaghosis
tools.
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The Component Object Model (COM)

Abstract

COM (Component Object Model) is the foundation of OLE. The component object
model is a binary communication format that closely resembles a C++ object. All OLE
components communicate through COM interfaces.

A COM object exposes an interface to the outside world. A globally unique identifier,
the GUID, which is assigned once when an interface is designed, identifies interfaces.
Aninterface consists of a set of functions that can be invoked. It is generally possible to
obtain (query for) other interfaces, so it is easy to extend the functionality of an object.

The salient property of an interfaceis that the implementor must support al functionsin
the interface. Therefore, it is not possible to only implement a subset of the interface
functions.

Smalltalk Implementation

The implementation in Smalltalk mimics the C++ model. A COM object maintains a
table of function pointersin an instance variable. The function pointers point to
exported instance methods that are implemented as C++ member functions, meaning
that the first parameter isthe receiver (thisin C++ and self in Smalltalk). Thetableis
built when the classisinitialized, meaning that creating a COM instance at runtimeis
very fast.

COM initialization

Every COM classrequiresani ni t | | D method that setsthe 11D of the class, and an
i ni t VTBL method that defines the names of the exported functions. For example,
I AdviseSink has the following class initialization methods:
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initlI D
Private - Generated nethod. Initialize the interface's IID

IID:= GUDIIDFronttring: '{0000010F- 0000-0000- CO0O0- 000000000046} "

ThellD of aCOM interface can usually be found in the IDL file that describes the
interface.
i ni t VITBL
Asuper i nitVTBL, #(
OnDat aChange: wi t h: wi t h:
OnVi ewChange: wi t h: wi t h:
OnRenane: wi t h:

OnSave:
Ond ose:

The virtual table of 1 AdviseSink contains the methods inherited from 1 Unknown and
adds five additional methods. The declaration lists the exports, so the first parameter to
each method is aways the this pointer (in C++ terminology).

COM creation

A COM object can either encapsulate an external interface or expose Smalltalk
functionality to external code. In thefirst case, it is created from a pointer

(f romPoi nt er : ) or from an address (f r omAddr ess: ). Otherwise, it issimply
allocated using new. The creation method determines whether the virtua table being
used isfrom an external interface or the class table. Once it has been created, the COM
object can be used in both ways (inside out or outside in) without the caller worrying
about the nature of the object.

Reference counting

COM uses reference counting. A COM object is de-referenced with the message

Rel ease and referenced with AddRef . Smalltalk MT extends the reference counting
mechanism to the owner of a COM object. The implementationsin WinEventHandler,
OleControl, and OleControlContainer encapsulate reference handling, soitis
generally transparent to applications that do not deal directly with COM objects.

Each COM instance maintains its own reference count. When the reference count
reaches zero, the owner is also released. This does not necessarily mean that the de-
referenced COM object can be discarded. In most cases, the owner maintains a strong
Smalltalk reference to the COM objectsit exposes, and it is only when the reference
count of the owner reaches zero that everything can be garbage collected. Asa
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consequence, Smalltalk referencing and COM reference counting are distinct topics, the
only thing that can be said is that a COM object cannot be garbage collected aslong as
its reference count is not zero.

COM method implementation

When implementing a COM object, three possibilities arise:

¢ The COM object is used as a callback interface that exposes Smalltalk
functionality.

¢ The COM object encapsulates an interface implemented by external code

¢ A combination of the two possibilities above.

Inthefirst casg, it is only necessary to implement the exported methods (.EXPORT).
The second case only requires the methods that call the external object (OUT category),
while the third case requires both.

The COM classes under |Unknown are mostly shallow implementations that delegate

messages to the owner, if such an owner exists. The owner must implement a subset of

the interface, and does not have to implement the methods that are handled in a generic
way by the COM object.

Threading Models
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COM and DCOM (distributed COM) use RPC to communicate across process
boundaries. DCE RPC use a pool of threads to manage incoming network calls,
meaning that a COM object instance can be called simultaneously in arbitrary threads.

COM adlso provides simpler threading models that provide automatic synchronization of
COM calls. Thetable below outlines the supported threading models:
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Table6-1 COM Threading Models

Threading M odel Description

Single-threaded main (STA Main) Main thread for all instances.
Single-threaded apartment (STA)  One thread per instance

Free-threaded (MTA) Multiple threads per instance

Both The new object should be initialized in the activator's

(Single-threaded or multithreaded aparltment, with all subsequent method calls being
serviced there as well.

apartment)

Neutral A neutral apartment supports execution of its objects on

any thread type and is the recommended threading model
for COM components and COM+ applications.

On Windows 2000, the preferred Threading Model
setting for non-visual componentsis Neutral.

The single-threaded model is the most restrictive. All COM object instances are created
and accessed from the main thread. The single-threaded apartment model allows the
application to create multiple threads, however all callsto an instance are made in the
same thread. Finally, the free-threaded model alows an object to be created and
accessed by arbitrary threads, including threads that have not been created by the
application.

The threading model of a server is specified by the registry entry for objects of that
class:
HKEY_CLASSES_ROOT\ {cl si d}\ I nprocServer 32

“Thr eadi ngvbdel " = “Apart nment”

Image Threading Suport

Smalltalk MT supports the full extent of free threading using COM (or any other
technology, for that matter). In most cases, free threading allows a cleaner
implementation and provides optimal performance and scalability.

As discussed above, free threading allows an arbitrary thread to call a COM object. This
raises two issues:

¢ TheSmaltak MT garbage collector needs to be notified when a new thread
allocates memory.

¢ Smalltalk code should not use thread-local (TLS) storage in the context of COM
cals.
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The base image implements global, thread-safe object references (used by
regi ster bj ect andr el easebj ect).

The Apartment Model

By default, Smalltalk MT uses the single-threaded apartment model. One advantage of
this model isthat it avoids synchronization issues and allows each thread to use thread-
local variables (TLS). Smalltalk MT supports both the single-threaded main model and
the apartment model, i.e., it is possible to create additional threads that interact with
COM interfaces.

The main drawback of the single-threaded model liesin the implementation used to
synchronize threads. COM creates a hidden window in each thread and uses the
function Post Thr eadMessage to communicate between threads. Therefore, athread
isforced to call PeekMessage and Di spat chMessage on aregular basisto ensure
that messages are dispatched and that no deadlock occurs. Thisis normally the case for
window applications that use COM functionality as clients, but may require some work
in the case of non-GUI server applications.

Non-GUI applications need to wrap synchronization calls (such asEvent >>wai t )
intoacall to W nAppl i cati on>>nmsgWai t For Mul ti pl eCbj ects: . The
parameter to this method isaWordArray that contains the synchronization objects to
wait upon and the call returns when any of the objectsis signaled.

The free-threading Model

While free threading is generally the best choice for non-GUI server applications, it can
be difficult to integrate with GUI applications because of limitations of the windowing
subsystem. On the other hand, GUI applications already provide a message pump, so it
is generally more convenient to use the apartment model for graphical applications.

COM Class Hierarchy
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COM classes (aso called interfaces) inherit from | Unknown. The compiler has special
support for managing the virtual function table of a COM object. The virtual function
table always reflects the Smalltalk hierarchy (COM itself is abinary protocol that does
not use inheritance per se).



The Component Object Model (COM)

How to...

A COM interface can be used in one of two modes: as an object that wraps an externa
interface and as an object that exports methods. Both modes can a so be combined.
Beware that an | Unknown instance that wraps an external interfaceis always initialized
as aweak pointer object, while an exported interface remains aregular pointer object.

Create an [lUnknown instance

There are two ways to create an interface:

+ Given apointer to an interface, you use the class methodsf r omAddr ess: or
fronmPoi nt er: to create an object that wraps the interface.

¢ Themethods newand owner : create an interface that exports Smalltalk methods.
In the second case, the interface object has an owner. The interface delegates
certain OLE callbacks to the owner, which can otherwise be an arbitrary object.

For example, the code below (taken from | Dat aChj ect
cl ass>>0l eGet d i pBoar d) creates an | DataObject from the clipboard contents:

ol eGet d i pBoard
| ppDataCbj hresult]|
ppDat aCbj : = LONG | ocal New.
(hresult := WNAPI O eGetdipboard: ppDataQoj basicAddress) == S K ifTrue: [
Asel f fronmPoi nter: ppDataQoj.

Aéelf setlLastError: hresult

The following statement creates an | DataObj ect on a string:
| Dat aCbj ect new data: 'abc'.

Note

When an IUnknown object wraps an external interface, it is created as a weak pointer. This means that its contents
are not garbage collected. If you create a COM interface with additional instance variables, you must either make sure
that the contents are referenced by some other means, or prevent them from being collected by calling
regi st er Ohj ect on each element. In the second case, you nust also call r el easeCbj ect on each
element when the interface goes out of scope. This is best done inthe r el easeChj ect  method of the interface,
which is called autormatically when the reference count reaches zero.
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Create a new COM interface class

First, locate the COM interface to inherit from and create a subclass. There are two
Cases.

¢ Atypelibrary existsfor the interface. Right-click on the new class and choose
Generate Interface from Type Library. This opens afile dialog where you select the
library (a.TLB file) that corresponds to the interface.

¢ Otherwise, you must declare the COM functions with their number of argumentsin
ani ni t VTBL class method. The exported methods must appear in the VTABLE
order asit is specified in the IDL or include file. Since Smalltalk COM interface
inherit the VTABLE contents, the declaration must not include methods defined in
superclasses.

This generates the GUID and VTABLE initialization methods, and optionally the
exports and outbound methods.

Generate interface methods

Use GUIDs
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A diaog lets you specify which methods the compiler should generate. In most cases,
you'll need either outbound or inbound methods, but seldom both at the sametime. Y ou
can generate the methods from the type library or fromthei ni t VTBL class method,
the difference is that in the first case the method description (if available) isincluded.

When an interface classisinitialized, awarning is printed on the transcript window for
each method that is referenced by the virtual table but not implemented. Y ou can ignore
the warning for outbound interfaces, since the VTABLE contents are not used in this
case. In the case of inbound (exported) interfaces, awarning indicates that a method call
may fail at runtime because the implementor of an interface must provide all methods
that are part of the interface.

In Smalltalk, globally unique identifiers are instances of GUID. GUID has class
methods that create a GUID from astring such as aregistry value or a C declaration.

Creating a GUID

A GUID is al16-byte structure that uniquely identifies an interface or some other object.
Y ou can generate new GUID values with the method cr eat eGui d in GUID class.
The GUID classmethod f r onByt es: creates acopy of an existing GUID or GUID
address, and f r onPr ogl D: answers the GUID that corresponds to a program name
used by OLE automation.
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Using Interface GUIDs

Y ou can retrieve the GUID of an interface class by sending the messagei i d. It isalso
possible to pass an interface class directly to an API; the effect of thisisto passthe
GUID of the interface by reference.

Given aGUID, it is possible to retrieve the name of the interface it corresponds to with
the method narre. The method looks up the registry and returns the interface name if
one is defined; otherwise it just prints the GUID string.

Comparing GUIDs

The method i sEqual : comparestwo GUIDs, or a GUID against the address of a
GUID and returnstrue or false.

OLE Allocations

General alocations use IMalloc to allocate and free supplemental OLE objects.
Interfaces use reference counting and do not have to be freed explicitly.

OLE Strings

OLE usestwo types of strings; BSTR and regular C strings. In both cases, Unicodeis
used. BSTR instances have a different encoding (the length field precedes the string
data) and must be allocated and freed using SysAl | ocSt ri ng and
SysFreeString.

Interface implementations and Variants normally create BSTR, so there is usually no
need to create aBSTR explicitly. St ri ng>>f r onBSTR:  convertsaBSTR to a
Smalltalk string and frees the BSTR.
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OLE Controls

Abstract

An OLE contral is acomponent that supports a set of interfaces that enable it to be
inserted in and interact with OLE container applications. Since an OLE control hasto
support alarge number of interfaces to qualify, Microsoft introduced the ActiveX
specification, which reduces the number of mandatory interfaces.

OleControlContainer

Events
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Class OleControlContainer acts as an ActiveX control container. An instance of
OleControlContainer encapsulates a single OLE control and exposes OL E automation
on that control.

Like OleControl, OleControlContainer involves alarge number of interfaces and
methods, so we'll just discuss events, getting and setting properties, and invoking OLE
methods on that object.

Events are received through them | Di spat chEvent s member and transit through
theol eEvent : wi t h: method. The arguments to the message are adispatch id and a
pointer to a DI SPPARAMS structure. In most cases, the event has no parameters or the
parameters are not of interest, which is the reason why the event handler just passes the
raw pointer.

Theol eEvent : wi t h: implementation in OleControlContainer creates aregular
event, using the event id as a notification code and the container’s child identifier.
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OLE properties

The methodsget Property: and put Property: val ue: respectively get and set
aproperty. It isaways preferable to use the property get and set methods rather than
method invocations because some implementations refuse to access a property through

amethod call.
Figure6-1 OLE Property Page Sample
Mropestie:
Ganheral I
Slaalic Calor
O 7 Giean 7 Tast all lightz
& Rl [t (™

K Cancel ppl

Note OLE properties, window properties and Sralltalk properties are different itens.

OLE methods

OleControlContainer exposes alarge number of i nvoke: methods. Each of the
methods accepts a method name or dispatchid. Thei nvoke: [ wi t h: ] family of
methods automatically create an array of variantsto hold the parameters.

Thereturn value of an invocation is either nil if the method did not return avalue, or a
Variant. If the method failed, an error Variant with the error code is returned.
Therefore, the caller must check whether the return valueis an error variant
(VT_ERROR) or of some other type.
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Using OleControlContainer

An application uses OleControlContainer likeit uses aregular control. The control
can be sized, shown and hidden; in short, it functions like anormal control.

Creating an OleControlContainer

The easiest way to create and initialize an OleControlContainer isto generate the code
with the GUI builder. Theinterface builder takes a snapshot of the ActiveX component
and serializes the control to a byte array. The creation method uses| oadFr onByt es:

to re-instantiate the OLE control, including the properties as authored in the interface
builder.

Themethodi nsert Obj ect : can be used to insert an object at runtime. Thisis
useful if the type of control isnot known in advance.

Processing OLE events

Eventsfired by an ActiveX control are funneled through the standard event framework.

For example, the code below installs a handler for the "AfterUpdate” event of the
Caendar control:

addHandl er: 1 "AfterUpdate" in: | DC_CONTROL1 sel ector: #onAfterupdate

The handler isimplemented as:
onAft erupdat e

| time |
time := (self childAt: | DC_CONTROL1) getProperty: 'Value'.
(self chil dAt: | DC_DATETI MEPI CK2) set Systenilime: time.
ANULL

Unloading an ActiveX control

The ActiveX control is automatically unloaded when the container closes. If an

application wants to unload the control without closing the container, it can send
unl oad to the container.

InPlaceFrame and OleContainerView

I nPlaceFrame supports the document view architecture and acts as a frame container
for embedded documents. OleContainer View manages an embedded document, which
can be an OLE control. This architecture is appropriate for document based applications
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Dispatch Interfaces

IDispatch

that support embedded menus and frame negotiation (i.e., status bars and toolbars
inserted by the active document object).

An OLE control exposes methods and properties through an | Dispatch interface.

I Dispatch isthe generic dispatch interface. In addition to the I Dispatch interface
functions, it implements the methods depicted below.

IDispatch server methods

typel nfo

The typel nfo attribute isinitialized with the dispatch type
information, an 1 Typel nfo interface. The type information is
loaded from an external type library (TLB file) or from an in-
memory resource. The type library describes the properties and
methods that an object supports and allows the dispatch interface
to marshal arguments and return val ues across process
boundaries.

IDispatch client methods

Get | DsOf Nanes: wi t h:

Get Typel nf o:

Get Typel nf oCount

Cet | DsOf Nanes: wi t h:

I nvoke

This method maps a collection of namesto an array of DISPIDs.
Method invocation uses numeric values to identify member
functions and properties. GetlDsOfNames:with: uses the
information in the type library to map names to identifiers.

Returns an interface on the type information (an | Typel nfo).

Returns the number of type information interfaces supported by
the object.

| nvoke: [...] invokes methods and setsor retrieves
properties. | Dispatch provides several Invoke layers with
increasing level of complexity. It also implements

put Property: val ue: andset Property toaccess
properties.
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IDispatchAmbients
A container uses | DispatchAmbients to expose its ambient properties. Class
I DispatchAmbientsimplements an | Dispatch interface on a mapping of ambient

properties. The mapping associates ambient property identifiers
(DI SPI D_AMBI ENT_ XXX constants) with property values.

IDispatchEvents

A container uses | DispatchEvents to manage connection point containers that receive
notifications from an OLE control. When the control fires an event, the

I DispatchEventsinterface sendsol eEvent : wi t h: toitsowner, whichin turn
generates a Smalltalk event that is routed through the event handling framework.

The | DispatchEvents object needs to beinitialized with the dispatch identifiers of the
event interface. Thisinformation is obtained from the type library.
IDispatchMessage

Thisinterface is used by Smalltalk ActiveX components to expose instance methods.

Upon invocation, the | DispatchM essage object calls the owner with the method that
corresponds to the specified dispatch id.
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OLE Data Transfer

Abstract

OLE datatransfer uses the | DataObject interface to transfer arbitrary data objects.
Common mechanisms for transferring data are the clipboard and OLE Drag and Drop.

IDataObject

OLE dataistransferred through | DataObject. The provider creates an instance of

I DataObject and initializes it with as many data formats as it wishes to support. The
consumer can enumerate the available formats with Enunfor nat Et ¢ and retrieve one
with Get Dat a.

| DataObject encapsulates an external | Dat aCbj ect interface and also providesa
convenient way to expose data objects to the outside world. | DataObject is self-
contained and does not require the owner to implement callback functions.

Data formats

Each data object can be transferred in agiven format. A dataformat isidentified by a
CF_ XXX constant; for example, CF_TEXT designates unformatted text. OLE defines
many dataformats, and it is possible to define private formats.

Setting data and formats

An application setsthe data, its format and the type of supported medium with

set Dat a: f or mat : t yned: . Thetype of medium can be one of the TYMED XXX
enumeration constants; the most widely used are TYMED HGLOBAL for binary dataand
TYMED_GDI for handles.
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An | DataObject can contain data objectsin different formats. The application first sets
the most accurate format, so that the enumeration returns the most complete formats
first.

Private data formats

Specifying aformat upwards of CF_CF_ PRI VATEFI RST and a medium type of
TYMED HGL.OBAL best supports private formats. The system automatically frees the
global pointer when the datais discarded (for example when the clipboard is emptied),
so the application does not have to implement extra code for that purpose.

Enumerating Data Formats

The method Enunfor mat Et ¢: automatically enumerates al data formats supported
by the | DataObj ect instance and returns a collection of FORMATETC structures. For
example, the code below retrieves the collection of cfFormat fields:

(clipData EnunfFornat Etc: TRUE) collect: [ :e | e cfFormat ].

IDataObjectEx

Class | DataObjectEx is an extension of | DataObject that del egates most callbacks to
the owner of theinterface. In particular, it alows the owner to provide data on demand
and supports advisory connections. Advise sinks are notified of changes to the object.

| DataObj ectEx requires the owner to implement methods that process the callback
functions.

Using the Clipboard

This section discusses using the OLE clipboard functions. It is aso possible to use non-
OLE clipboard functions to place data onto the clipboard. However, OLE interfaces
provide a uniform mechanism that can also be used with OLE Drag and Drop.

Setting clipboard data

An application that wishesto place data onto the clipboard creates an | DataObject to
hold the datain one or several formats. To make the data available, the application calls
| Dat albj ect >>0l eSet C i pboard.
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Example:
The code below makes a bitmap object available in three formats:

¢ A private format. For the sake of simplicity, this example stores a string that
contains the module name and resource name of the bitmap.

¢ A GDI bitmap.
¢ Thetext ‘Bitmap’. Again, thisisjust to demonstrate the functionality.

| ifData bnmp |
brmp := Bitmap | oadResource: 101

nmodul e: (Hwbdul e | oadLi brary: ‘resedt.dll").
ifData : = | Databj ect new.

ifData setData: ' 101 "resedt.dl "' format: CF_PRI VATEFI RST tyned:
TYMED_HGLOBAL.

ifData setData: bnp format: CF_BI TMAP tynmed: TYMED_CGDI .
ifData setData: 'Bitmap' format: CF_TEXT tyned: TYMED HGLOBAL.
ifData ol eSet i pBoard

To test the clipboard contents, you can for example open WordPad and click on
Edit|Paste Special. Thefirst format is a bitmap, the second unformatted text.

Retrieving clipboard data

An | DataObject interface on the clipboard data can be obtained with | Dat aChj ect
cl ass>> ol eGet d i pBoar d. The storage medium that contains the datais
retrieved via Get Dat a: medi um .

In the case of a standard format such as CF_TEXT or CF_HDROP (alist of file names),
Get Dat a: automatically retrieves the data, so the code for retrieving unformatted text
lookslike:

| clipbData datal

clipData := | DataObj ect ol eGetd i pBoard.
data := clipData GetData: CF_TEXT.
clipData Rel ease.

dat a

Data types not supported by Get Dat a: must be retrieved through the STGVEDI UM
structure. Calling Get Dat a: nedi um with a STGVEDI UMstructure initializes the
structure and returns the format constant.
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The following code retrieves a private data format:

| clipbData data nediuni
clipData := | DataObj ect ol eGetd i pBoard.
data := nil.
medi um : = STGQVEDI UM new.
(clipData CetData: CF_PRIVATEFI RST nmedi um medium) notNil ifTrue: [
clipData Rel ease.
data := String fromAddress: nedi um | ockd obal Dat a.
medi um unl ockd obal Dat a.
medi um cl ose.
].

dat a

The caller must lock the global handle using | ock@ obal Dat a. Thisreturnsa
pointer to the data. When the datais copied to safe storage, the global memory handleis
unlocked using unl ock@ obal Dat a and the medium is closed.

Testing clipboard data
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An application often needs to determine whether a data transfer can be successful. The
method Quer yGet Dat a: in | DataObject returns a Boolean that indicates the
probable outcome of a subsequent Get Dat a call. The method is often used to enable
or disable an Edit|Paste menu item.

The code below checks the clipboard for the CF_TEXT format:

| clipbData isCk|

clipData : = | DataObj ect ol eGetd i pBoard.
isCk := clipData QueryGetData: CF_TEXT.
clipbData Rel ease.

i sCk
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Implementing OLE Drag and Drop

Abstract

OLE Drag and Drop is a uniform data transfer mechanism that works across processes.
Data can be transferred via drag and drop as well as through the clipboard.
Implementing OLE Drag and Drop is straightforward and in fact easier to support than
non-OLE Drag and Drop because OLE already performs low-level work such as
capturing the mouse.

Preparing an Application for Drag and Drop

Before awindow can act as a drop target, it must be registered with the OLE Drag and
Drop handler. Thisistypically doneinthei ni t W ndow method of the parent
window.

The frame window creates an | DropTar get interface for each child window that may
act asadrag target. The interface can be tagged with an identifier so that the parent can
identify the drag target later. The messager egi st er W ndow. assigns awindow to
the I DropTar get interface and registersit with OLE Drag and Drop.

325



Chapter 6 Introduction to OLE Programming

The code fragment below illustrates this:

m dropTarget := |DropTarget owner: self id: |D_| DROPTARGETO.
m dropTarget regi sterWndow. (self childAt: IDC LIST1).

Processing a dragging Operation

Initiating a dragging operation

The parent window needs to handle dragging events such as the ones sent by the
common controls. For example, aTreeView sendsa TVN_BEG NDRAG notification
when the user starts dragging an item.

The parent window or the application prepares for dragging as follows:
1. It createsan | DataObject on the datato transfer.

2. It creates an | DropSour ce interface and initializes the cursors for the different drag
effects (none, copy, move, link and scroll). Setting the cursorsis optional; the
| DropSour ce object uses adefault OLE cursor when no drag effect cursor has been
defined.

3. Finaly, it invokes doDr agDr op on the | DropSour ce source, specifying the data
object and the allowed drag effects. The method returns with the final effect when
the dragging operation is complete. If the drag effect is amove, the application
deletes the source or performs any other actions related to the drag effect.
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Example:

onBegi ndrag: | pnntv
| pnmtv im tv ptvitemitenData iData i Source itemnl mage|
NMIREEVI EW f r omAddress: | pnntv pointer: (pnmtv := Pointer |ocal New).
TVI TEM fromAddress: pnntv itemNew pointer: (ptvitem:= Pointer |ocal New).
tv := self childAt: IDC LI ST1.

" Retrieve the inage list used by the tree view"
im :=tv getlmgeList: TVSIL_NORMAL.

" get the itemtext and inage index "
itenData := tv getltenText: ptvitemhltem
itemnmage := (tv getltem ptvitemhlten) il mage.

" create a data object on the itenis data "
(iData := | Data(oj ect new) data: itenData.

" create a drop source interface "
i Source : = | DropSource new.

" set the drag cursors to display while dragging "

i Source cursorCopy: (im getlcon: item nage flags: |LD TRANSPARENT).
i Source cursorMve: (im getlcon: item nage flags: |LD SELECTED).

i Source doDragDrop: iData effect: DROPEFFECT_COPY| DROPEFFECT_MOVE

Drop target notifications

¢ Thedroptarget sendsdragEnter:[...] toitsowner when the dragging enters
the drop target window to which the I DropTar get interface belongs. The
parameters comprise the drop target, the drop source, keyboard flags as well as
mouse cursor coordinates. The parent window returns a drop effect that indicates
the result that a drop would have.

¢ ItthensendsdragOver:[...] whiletheobjectisdragged over the window.
The owner of the drop target interface processes this message and returns adrop
effect. It highlights the drop target to give the user avisual clue about where the
drop would occur. For example, a TreeView can set the drop target item with
sel ect DropTarget : .

¢ When the dragged object |eaves the window, the owner receivesadr aglLeave:
message. The application must invalidate all data pertaining to the dragging
operation and reset its appearance to clear any drop target highlights.

¢ If the user releases the mouse while adrop is enabled, the owner receives a
drop: [...] message and performs the dragging operation. The datais retrieved
with Get Dat a: , passing an appropriate format to the function. The return value
indicates the type of operation (none, copy, move, scroll or link).
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dragEnter

Thesimplest formfor dragEnt er: [ .. .] isto accept any source:

dragEnter: anl DropTar get
wi t h: anl Dat aSour ce
with: grfKeyState
with: pt_x
with: pt_y

I ndi cat es whether a drop can be accepted, and, if so,
the effect of the drop.

" DROPEFFECT_COPY

dragOver

dragOver: anl DropTar get
with: grfKeyState

with: pt_x

with: pt_y

| effect tv hiten]

tv := anl DropTarget w ndow.

(hltem:=tv hitTest: pt_x with: pt_y) == NULL ifTrue: [

tv sel ect DropTarget: NULL.
" DROPEFFECT_NONE

].
effect := grfKeyState & MKC_CONTROL ~~ 0 ifTrue: [ DROPEFFECT_MOVE]
[ DROPEFFECT_COPY] .

tv selectDropTarget: hltem
~ef fect

i fFal se:

dragLeave

draglLeave: anl DropTar get

Renoves target feedback and rel eases the data object.
Ret urn Val ue:
S K or an error val ue.
anl DropTarget w ndow sel ect DropTarget: NULL.
S K

328




Implementing OLE Drag and Drop

drop

drop: anl DropTar get
wi t h: anl Dat aSour ce
with: grfKeyState
with: pt_x
with: pt_y
| tv hltemdropTarget szltenfext il mage|
tv := anl DropTarget w ndow.
dropTarget :=tv getDropHilite.
tv sel ect DropTarget: NULL.
(hltem:=tv hitTest: pt_x with: pt_y) == NULL ifTrue: [*nil].

" get the itemtext "
szl tenifext := anl DataSource GetData: CF_TEXT.

ilmage := #('yellow 'pink' 'red 'orange' 'cyan' 'green' 'blue')
i ndexCf: szl tenText.

ilmage ~~ 0 ifTrue: [
ilmage := ilnmage - 1.

tv mask: TVI F_TEXT| TVI F_PARAM TVI F_| MAGE| TVI F_SELECTEDI MAGE
state: TVI S_EXPANDED
st at eMask: TVI S_EXPANDED
i | mage: ilnage
i Sel ect edl mage: il nage.
tv addltem szltenilext to: dropTarget param O.
tv expandltem dropTarget flag: TVE_EXPAND.

1.
ADROPEFFECT_COPY

Revoking Drag and Drop

When the window is closed OLE drag and drop is revoked using r evokeDr agDr op
on the IDropTar get interface. The code typically looks like:

dest r oyW ndow
m dropTarget notNi | ifTrue: [
m dr opTar get revokeDragDrop.
m dropTarget := nil.

Implementing OLE File Drag and Drop

Accepting File drag-drop with OLE is like implementing general-purpose drag and
drop. The data format for dragging filesis CF_HDROP.

Initializing the parent window

The parent needs to create an | DropTar get instance for every drop target. An
application that accepts files usually enables the frame, so the code looks like:
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m dropTarget := |DropTarget owner: self id: |D_| DROPTARGETO.
m dropTarget regi ster Wndow. self.

dragEnter

ThedragEnter:[...] method enumeratesthe formats of the data object, looking
for CF_HDROP. It may further constrain the drop to asinglefile.

The exampl e code below retrieves the collection of files, rejects multiple file drops, and
storesthe filesin a property of the parent window. The datais later needed to respond
tothedragOver:[...] message.

dragEnter: anl DropTar get
wi th: anl Dat aCbj ect
with: grfKeyState
with: pt_x
with: pt_y
| formats hdrop files |
formats : = anl Dat aCbj ect Enunformat Et c: DATADI R_GET.
formats isNil ifTrue: [ ~DROPEFFECT_NONE ].
hdrop := formats detect: [ :e | e cfFormat == CF_HDROP ].
hdrop isNi | ifTrue: [”~DROPEFFECT_NONE] .

files := anl DataObj ect GetData: CF_HDROP.
files size ~~ 1 ifTrue: [ "“DROPEFFECT_NONE ].
sel f propertyAt: #l DataObject put: files.

" DROPEFFECT_COPY

dragOver
Asexplained above, thedr agOver: [...] implementation lookslike:

dragOver: anl DropTar get
with: grfKeyState
with: pt_x
with: pt_y
(self propertyAt: #l DataCbject) notNi| ifTrue: [~DROPEFFECT_COPY].
" DROPEFFECT_NONE

dragLeave
dr agLeave: removesthe property that stores the data object and returnsS_OK.
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dragLeave: anl DropTar get
sel f renmoveProperty: #l DataQbject.
NS K

drop
Themethod dr op: [ . . . ] finally opensthe dropped file.

drop: anl DropTar get
wi t h: anl Dat aCbj ect
with: grfKeyState
with: pt_x
with: pt_y
| files |
files := self renmoveProperty: #l DataQbject.
files size ~~ 1 ifTrue: [ "“E_UNEXPECTED ].

self fileQpen: files first.
S K

Implementing Simple File Drag-Drop
A frame window can aso choose to implement non-OLE file drag and drop. This
requires the following:

¢ Theextended style (returned by the instance method wi ndowEx St yl e) must
include Ws_EX_ACCEPTFI LES.

¢ Thewindow must implement WM_DROPFI LES: wi t h:

Accepting file drops using non-OLE file drag-drop requires less code than OLE drag-
drop. Applications that do not wish to support OLE may want to use simple drag-drop.

Processing WM_DROPFILES

Thefirst parameter of this message is a data structure with the file names that have been
dropped onto the window’ s caption. The structure is opaque and must be accessed using
Win32 functions.

The implementor callsdr agQuer yFi | e: at : to retrieve the file name at a specified
position and dr agFi ni sh: to release the drag-drop data structure.
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Example:

WM _DROPFI LES: hDrop with: | Param

The WM DROPFI LES nmessage is sent when the user releases the |eft nouse button
while the cursor is in the w ndow.

| szFile |
sel f queryCl ose ~~ NULL ifTrue: [ ~nil ].

szFile := self dragQueryFile: hDrop at: O.
self title: szFile.

self fileOpen: szFile.

sel f dragFi ni sh: hDrop.

ANULL

Differences between Simple and OLE Drag and Drop
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Unlike the more elaborate OLE protocol, the simple file manager type drag-drop isan
all-or-nothing operation; either the recipient accepts files or not. In particular, the user
does not get visual feedback about whether afile drop would be successful or not.

On the other hand, OLE drag drop does not recognize file drops from the old style File
Manager, so the user must use the Windows Explorer.
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ActiveX Component Framework

ApplicationProcess Entry Point

The classmethod dl | Ent r yPoi nt: wi t h: wi t h: in ApplicationProcessis called
by the operating system when the DLL isloaded, about to be unloaded, or when threads
are created and destroyed.

The DLL handler processes DLL_PROCESS _ATTACHand DLL_PROCESS DETACH
notifications to respectively initialize and clean up the Smalltalk environment, including
a concrete subclass of 1 nProcessServer. It also processes DLL_THREAD ATTACH so
that the client can create multiple threads in the apartment-threading model. For
example, Microsoft Internet Explorer creates a new thread for each window.

Differences between in-process and stand-alone Servers

ActiveX components are alwaysin-process (DLL) servers. However, it may be
desirable to implement a component as both a stand-alone and an in-process server.
This paragraph depicts the considerations between both implementations.

In the case of a stand-alone server, the component registers an instance of

I ClassFactory. A client creates an instance of | ClassFactory and calls the exported
method Cr eat el nst ance. Cr eat el nst ance firstcalsr egi st er Thr ead in
Processor to make sure the thread is registered in the Smalltalk system. Any other entry
point that may be called from a non-registered thread must also call

regi st er Thr ead before any further processing takes place. Calling

r egi st er Thr ead more than once has no effect.

Anin-process server handlesthe DLL_ THREAD ATTACH notifications and
automatically registers any thread that is created in the process after the DLL isloaded.
Therefore, it is not necessary to call r egi st er Thr ead explicitly.
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InNProcessServer

I nProcessServer implements a COM in-process server. The subclass

I nProcessControl Server implements an OCX control server (which may implement
more than one ActiveX control). InProcessServer implements the mandatory exports for
aCOM in-process server. On startup (i.e., i ni ti al i zeLi brary), it createsan
instance of itself that will implement the server functionality. To extend the
functionality, you can create subclasses of InProcessServer.

Theentry pointsi ni ti al i zeLi brary anduni ni ti ali zeLi brary arecalled
when the DLL isrespectively loaded and unloaded. Class I nProcessServer maintains a
thread-safe lock count that determines when the DLL can be unloaded. An instantiated
ActiveX control is responsible for increasing the lock count upon creation and releasing
it when all referencesto the object are gone.

InProcessServer maintains an object table that contains the 11Ds and server classes the
library exposes, aswell as a set of registry entries that allow the library to register and
de-register at runtime. The contents are automatically generated when the class method
initializeofanOleControliscalled. Typicaly, an OLE control would be
initialized when loaded into the development image, therefore initializing the registry
data maintained by the InProcessServer subclass. When the target DLL is built, the
registration data becomes static datain the DLL.

Table 6-2 InProcessServer Exports
Function Description
DlICanUnloadNow Answers whether the DLL from which it is exported is still in
use.
DIl GetClassObject Retrieves a class object fromthe DLL.
DlIRegisterServer Supports self-registration for ActiveX controls.
DllUnregisterServer Supports self-deregistration for in-process servers.

Using InProcessServer
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The ActiveX framework takes care of registration, de-registration, and maintaining the
lock count. To extend InProcessServer, create a subclass and reimplement the instance
methods as needed. The methods that you are most likely to extend are
initializeLibraryanduninitializelLibrary.Youcanaddcode that
registers window classes here.
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OleControl

OleControl isthe abstract superclass of ActiveX controls. It implements all the code
required to get aworking ActiveX component.

Creating an ActiveX Control

Implementing an OleControl subclass
To implement an ActiveX component, you must first create a subclass of OleControl.

The minimal set of methods that you must implement is:
initialize
If you expose OLE methods, you must register them with the primary dispatch object.
The message exposeMet hod: di spl D: takesasdector and adispatch ID (whichis
defined in the IDL file). The code for the StopLite sampleis:
initialize

super initialize.

msize x: 75 y: 105.

mlights := 1.
m_| Di spat chPri mary
exposeMet hod: #about Box di spl D: DI SPI D_ABOUTBOX;
exposeMet hod: #nextLi ght displD: 2;
exposeMet hod: #lightCol or displD: 0;
exposeMet hod: #lightCol or displD: 1;
exposeMet hod: #inval i dateControl displD: DI SPI D REFRESH.

Y ou must, of course, also implement the corresponding methods.

onDraw:with:with:

This method must implement drawing. The first parameter is the device context to draw
upon, the second defines the bounding rectangle, and the third is the rendering device
context (such as a printer DC).

getCustomVerbs (optional)

AnswersaWordArray of custom verbs. Each verb is defined by the following
structure:
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typedef struct tagVERBINFO {

LONG | Ver b; /1l verb id

ULONG i dVer bNane; /'l resource ID of verb nane

DWORD  f uFl ags; /1 verb flags

DWORD grfAttribs; /1 Specifies an OLEVERBATTRI B enunerati on.
} VERBI NFQ,

It isamost the same as the OLEVERB structure, only that the verb text has been
replaced with a string resource identifier, which allows better localization. Itis
convenient to define verbs asaWordArray. For example, the custom verbs for
StopLiteare:

get Cust omVver bs
Answers an Array of custom verbs.

AArray with: (#[ CTRLI VERB_ABOUTBOX | DS_ABOUTBOXVERB 0
OLEVERBATTRI B_ONCONTAI NERVENU] )

Firing events

Tofirean event, youcall fi r eEvent : , which takesan event id as parameter. The
event id must be defined in the IDL file.

initServer

This method initializes static data that is used for registration and at runtime. Y ou must
generate GUIDs for the classidentifier, type library identifier, event interface, and
primary dispatch interface. In addition, the control’ s name and version attributes must
also be set.

The code below is taken from StopL ite:

| regMap |

clsID:= QU D IIDFronttring: '{20048BB3- DB68- 11CF- 9CAF- 00AA006CB425} "' .
typelD := GUID || DFronString: '{20048BB0- DB68- 11CF- 9CAF- 00AA006CB425} ' .
event|D := GUD IIDFronString: '{20048BB2- DB68- 11CF- 9CAF- 00AA006CB425} ' .
pri maryDi spatchl D := GUI D || DFronfString: '{20048BB1- DB68- 11CF- 9CAF-
00AA006CB425} " .

progl DNanme := ' Smalltal k. StopLiteControl .

I Version := Integer loword: O hiword: 1.

Once the attributes (class instance variables) have been set, you cal i ni t Reghap to
create a collection that defines the registry entries for the control. The map is then used
by the property page registration, if applicable, and the final registration, which looks
like:

I nProcessServer

addObj ect: clsID class: self;
regi stryEntries: reghap
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See also Implementing Property Pages below for how to register property pages for the
control.

Implementing Property Pages

In reasonably simple cases, you don’t have to implement a property page yourself.
Given that the control’ s properties are known, OlePropertyPage manages setting and
getting of exposed properties automatically. You just have to define adialog template,
which can contain radio buttons, check-boxes, combo-boxes and edit fields to display
and modify the properties. If thisis not sufficient (for example, because the property
page uses other controls or performs custom validations), you may subclass
OlePropertyPage.

A property page is created at runtime by the container and must be registered in the
A eCont r ol >>i ni t Ser ver method. The method to add a property pageis:

addPropertyPage: szGUI D
title: szTitle
docString: docString
hel pFile: szHel pFile
hel pCont ext: dwHel pCont ext
di al ogCl ass: dl gPageC ass
di al ogTenpl ate: idTenpl ate
di spl DMappi ngs: di spl DMappi ngs
regNane: szRegNane
regi stryEntries: reghap

Y ou must generate the GUID for the property page. ThedocSt r i ng parameter is
currently not used. The hel pFi | e and hel pCont ext parameters define context
sensitive help for the property page. The next parameter, dl gPaged ass, isusually
OlePropertyPage or a custom subclass of OlePropertyPage. Follows the templateid
of the property page and the property mappings, aWordArray that consists of child
control identifiers and property identifiers. For example, StopL ite uses:

#[ | DC_OFF 1]

The control | DC_OFF is associated with the property index 1. All subsequent radio
buttons in the group are automatically associated with consecutive property indices.

The implementation of the method addPr oper t yPage: createsan
OlePropertyPagel nfo object that creates an instance of the associated
OlePropertyPage class at runtime.

XFactory

XFactory isaspecialized | ClassFactory that works in conjunction with
I nProcessServer to instantiate an object from the | nProcessSer ver’ s object table.

337



Chapter 6 Introduction to OLE Programming

XFactory sends the message cr eat el nst ance to the object being created and there
isnormally no need to modify or subclass X Factory.

Creating an OCX

DEF exports file
In most cases, you can use the standard DEF file for ActiveX controls.

An OCX requires the exports below:

LI BRARY  StopLiteControl
EXPORTS
I nProcessControl Server>>Dl | CanUnl oadNow : : DI | CanUnl oadNow @L
I nProcessControl Server>>Dl | Get Cl assObject:with:with: :: DI CGetC assCbject @
I nProcessControl Server>>Dl | Regi sterServer :: D | RegisterServer @
I nProcessControl Server>>Dl | Unregi sterServer :: D | UnregisterServer @

Replace StopL iteControl with the name of your OCX and save it under the name of
your library, using the DEF extension.

Creating distribution files

Y ou can distribute your OCX as a cabinet file that uses the standard ActiveX setup.
Please refer to the ActiveX SDK for up-to-date information.

Every Smalltalk executable, DLL or EXE, requires the runtime file STRTDLLXX. DLL.
Given the size of thisfile, adding it always to the cabinet file won’t make a significant
difference, so you can avoid the extra step required to download shared files separately.

Testing ActiveX Components

Overview

Testing componentsis critical because an ActiveX control:
¢ Isdistributed in binary form.
¢ Must work with avariety of containers.

¢ Involvesalarge set of interfaces.
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Steps

Thefirst step isto develop a container application that tests all aspects of the control.
This allows you to test both the container and the control in the Smalltalk environment.

Y ou can use the GUI builder to generate a skeleton that loads an OLE control. In order
to load the control from the image, replace thel oadFr onByt es: message with

| oadd eContr ol : , and pass an instance of the control as parameter. For example, a
method that |oads the StopL ite control from the current image reads like:

i ni t Chi | dW ndows
| ctrl |

ctrl := StopLiteControl createlnstance.

ctrl AddRef.

(A eControl Cont ai ner openW ndow. | DC_CONTROL1
title: NULL
exStyle: 0

style: W5 _CH LD| W5_VI SI BLE
parent: self
fram ng: (FraneMatrix scale: #(0 0 0 0) offset: #(35 24 242 133)))
| oadd eControl : ctrl.
ctrl Rel ease.
“1 oadFr onByt es: #[
16r 20048bb3 16r 11cfdb68 16r aa00af 9c 16r 25b46c00
16r 3c4571aa 16r 00000000 16r 00001565 16r 00000b44
] size: 32."

This code skipsthe DLL loading and | ClassFactory creation methods, and instead uses
an object from the image. From that point on, the code interfaces are exactly the same
asin the general case. In particular, the flow of control transits through all OLE
interfaces and exports.

Make sure that you test with all OLE debugging messages turned on, and check that the
reference counting is working properly (i.e., the component is properly unloaded when
the container closes).

Once the component is running as expected, it istime to test it with other containers
such as the test container application TstCon32 from MSVC or Visual Basic. The test
steps above should have eliminated obvious defects. The debug messages are your
primary source of information, and you may look for failed Quer yl nt er f ace
invocations or interface callsthat are not in the expected order.
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Troubleshooting OLE

The OLE implementation in Smalltalk MT comes with alarge number of diagnostic and
debugging messages. Y ou can enable some or all of the messages from the Smalltalk
image properties sheet. Note that the debug traces include the name of the executable
and the thread identifier of the current thread.

Note A common error cause is that a control cannot be inserted into window, or fails when saved to or restored from
storage. Re-registering the control often helps.
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cHapTER 7 T he D evelopment Process

We will seein this chapter how to build executable applications. The first part
examines the requirements and gives step-by-step examples. The examples detail every
step and do not use the Interface Builder in order to give amore general view.

The second part discusses runtime-specific topics, including how to add resources to the
executable. Some of the topics overlap with Chapter 2, The Interface Builder.
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Creating an Application

In this chapter, we will examine what makes up an executable application and the steps
required generating an executable image.

The last part, Console Applications, discusses Console (non-GUI) programming. Thisis
useful for programming small command-line utilities, or more generally applications
that do not require agraphical interface.

What is an Application?

We use the term application to designate a set of classes, methods and external
resources that cooperate to perform a certain task. The target may, but does not have to,
be an executable program.

An application consists of :
¢ Smalltalk source code

¢ External resources such asicons, menus, dialog templates ...

In Smalltalk MT, external resources are usually stored in a DLL that can be loaded by
the development image. When the final runtime is generated, the resources are
incorporated into the executable.

A GUI application generaly involves the following classes:

¢ A FrameWindow subclass that displays the top-level window.
¢ One or more child windows of the frame.

¢ Diaog boxes.
.

Possibly an owner of the frame. The owner handles events not processed by the
frame.
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Creating a New Project

Y ou use the Project Browser to create a new project that will hold your source code.
Y ou can then save your code to disk, so you are not tied to a particular devel opment
image.

Using Resources

Resource items

Although external resources are not mandatory, most applications will use external
resources at some point prior to shipment. External resources must be compiled to a
resource-only DLL, which isthen loaded by the application. The resources that are
commonly used by an application include:

¢ Menus
¢ lcons
¢ Bitmaps

¢ Diaog boxes
¢ Version resources
¢ String tables

The built-in interface builder can generate in-memory menus and dialog resources, and
the other resources are rather static and have little or no incidence on the application
code. This meansthat you can start with asimple DLL that only contains the static
resources and keep often changing itemsin the Smalltalk image.

Using third-party resource editors

Y ou can use commercial tools such as MSVC or simply the SDK tools that come with
the Win32 SDK. In both cases, the output consists of aresource description file and an
associated include file. The next step isto compile the resourcesto aDLL that can be
loaded into the development image, for example, using a makefile generated by the
interface builder in Smalltalk MT.

345



Chapter 7 The Development Process

After installing the resource include file as a pool dictionary in your GUI classes, you
can load resources from the DLL. The Symbol Editor lets you import include files and
convert them to pool dictionaries.

Loading resources

Every FrameWindow and WinApplication subclass has an instance variabl e that
points to the modul e of the application. This moduleis used when loading resources. By
default, a FrameWindow uses the module of the current application (as referenced by
the thread-local variablet hi sAppl i cati on).

However, you can aso overrideit in your window initialization method and load a
specific resource module.
initialize

Private - Sets the resource file for this instance.

super initialize.
m nodul e : = HWbdul e | oadLi brary: 'nyresource.dll".

If you register your window class, you must also reference this DLL when you register
the class:

regi sterd ass
“sel f registerd ass:
(Hvbdul e | oadLi brary: 'myresource.dll")

When the target executable is generated, the resources that arein the DLL are integrated
into the EXE file, so that you do not have to ship the DLL along with your application.
However, this means that the previously defined initialization methods should do
nothing at runtime. Y ou achieve this by placing them under the category

. | NTERNALDEV. The image builder ignores methods that belong to this category, so
they do not appear in the target executable.

Registering the window class
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Regi st er O ass defines attributes of the window; the name under which it is
registered, the window class style, the background brush and the cursor to display in the
client area. In most cases, you will at least associate a custom icon with the class, so
registering your classis required.

Once aclassisregistered, you can create window instances (using Cr eat eW ndow).
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Hello World: a simple example

The purpose of this ssimple program is to demonstrate the various ways to handle events.
The Hello World program opens awindow and prints' Hel | o wer | d' .

Sample 1: the C Approach

Sample 2

This solution implements the sample the way one would program it in C or C++.

First, we need aframe window. So, let's make a subclass of FramewWindow and name it
HelloworldWindow.

FrameW ndow subcl ass: #Hel | oWor | dW ndow
i nstanceVari abl eNanes: "'
cl assVari abl eNanes: "'
pool Di ctionaries: "'

Y ou can open it with:
Hel | owor | dW ndowl new open

Secondly, we have to implement WM_PAI NT in HelloworldWindow to paint a“ Hel I o
verl d” in the client area.

WM_PAI NT: wparam wi th: | param
Private - Process the paint message.

| hDC ps |
ps : = PAINTSTRUCT new.
hDC : = Devi ceCont ext val ue:
(W NAPI Begi nPai nt: m handle with: ps).
hDC textQut: 'Hello World' x: 10 y: 10.
W NAPI EndPaint: mhandle with: ps.
ANULL

To open the window, evaluate:
Hel | owor | dW ndow new open

Locate Graphicswindow. Thiswindow does just what we want; it handles the
WM _PAI NT message and invokesitsdr awOn: method.

Instead of making the frame window a direct subclass of FrameWindow, we make it
inherit from GraphicsWindow and re-implement dr awOn: to handle the drawing.
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Sample 3

drawOn: hDC
Private - Process the paint nmessage.

hDC textQut: 'Hello World" x: 10 y: 10.

Thereisan even easier way: since GraphicsWindow raisesthe event #pai nt , al we
haveto doistoinstall an event handler that draws the text:

Gr aphi csW ndow new
when: #paint perform [ :hDC |
hDC textQut: 'Hello World x: 10 y: 10
].

open

This code creates an instance of GraphicswWindow and installs the #pai nt handler.
The sourcein GraphicswWindow shows that the event takes a device context asitsfirst
parameter.

SampleDialog: using an external GUI builder
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Y ou can easily incorporate resources generated by a GUI builder such asMSVC (note
that other dialog editors would do the job as well). Once you have defined the script,
you compileit to aresource-only DLL that you can load from the Smalltalk
development image. Y ou must also create a pool dictionary from the associated include
filein order to be able to access the resources by their symbolic names.

The exampl e below demonstrates how to create a dialog box:

1. Build your resource script with MSV C and save it to disk. This creates an resource
(.RC) and an include (.H) file (if you use default values, it creates SCRI PT1. RCand
RESOURCE. H).

2. Compileitto aresource-only DLL. To do so, copy DUMWY. DEF and MAKEFI LE
from the RES subdirectory of asample, and edit the line"DLL=" in the MAKEFI LE
to make it refer to the resource file name (in our example, the line reads
"DLL=SCRI PT1").

Copy the DLL to your working directory.
Create a subclass of DialogBox (named for example SampleDial og).



Creating an Application

5. Load the constants defined in RESOURCE. Hto a pool dictionary: open the Symbol
Editor, click on File Open, locate RESOURCE.H and click on OK. Y ou have to
enter a name for the new pool dictionary (for example Sanpl eConst ant s), then
click on Add to Class SampleDialog under the Pool menu.

6. Implementtheiniti alize andopenOn: methodsin the diaog.

Thei ni ti al i ze method loadsthelibrary.
initialize

Private - Sets the resource file for this instance in
t he devel oprment i mage.

super initialize.
m nodul e : = Hwbdul e | oadLi brary: 'scriptl.dll".

TheopenOn: method loads the dialog.
openOn: aW ndow
Opens the receiver window with the specified owner.
Par anet er s:
aW ndow Omner of the dial og box.
Ret urn Val ue:
Thi s method does not return a val ue.

sel f di al ogBox: |1DD DI ALOGL owner: aW ndow

Theinitial i ze method isusually only intended for the development image, so you
should set its category to | NTERNALDEV. When you generate an executable, the
resources are normally loaded from the executable image.

The Generic Sample Program

The Generic sampleis derived from the Generic sample application in the Win32 SDK
samples. It illustrates the basic steps needed in order to create afunctional Windows
application. We will reuse the resources and help file of the C sample.

The Generic sampleillustrates the following:

¢ Basic steps needed to create awindow

¢ Creating apool dictionary from an include file
¢ LinkingwithaDLL

349



Chapter 7 The Development Process

See also A Generic Application on page 129 for how to build the Generic example with
the interface builder.

Step 1: Analysis

The application reacts to the following events:
¢ Fileexit closes the application.

Help about brings up an about box.

Right mouse click brings up help menu.

.
¢ Help topics starts help for this application.
.
*

WM DI SPLAYCHANGE displays a message box saying that the display changed on
aplug-and-play system.

Step 2: Create the Generic class
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Y ou must identify the appropriate superclass for the application. Here, it is
FrameWindow because the generic window is a single document frame window.
Select FrameWindow, choose the Add Subclass menu, and enter Generic as the name
of the new class:

Figure7-1 Adding Generic

Add 5 Now Class HE

Suud closs Quell

Jazshenm. |GC|'IDND|

Ca-inin=-
. L.
* Fuinla= |—I
© Evcs
B Carcol

Press OK to create the Generic class. At this point, you have an empty frame window.
To open the window, evaluate:
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Generic new open

Step 3: Load the resources

Y ou can use any resource builder to build the resources. For example, the dialog editor
that comes with the Windows SDK will do the job.

Create aresource DLL with the Generic resources.
Create anew pool dictionary with the resource constants as follows:

¢ Open the Symbol Editor (Methods|Edit Symbols).

¢ Open GENERI C. Hfrom the File menu and create the GenericConstants pool
dictionary.

¢ Finaly, add the pool dictionary to the pool dictionary declaration string. Y ou can
now use the symbolic namesin Generic methods.

Each window has areference to the library from which it loads its resources. By default,
the library of the current WinApplication instance is used. In our example, we must
load the module GENERI C. DLL when the code is executed in the devel opment image.

In the runtime image, this code is unnecessary because the resources are integrated into
the executable.

initialize
Theinitialize method is called automatically upon object creation. We subclassit in
order to load the library.

We want to initialize the library handle:

hl nstance := WNAPI LoadLibrary: ‘generic.dll’.
Asuper initialize

The last message invokes the initialize method in the superclass.

windowClassMenu
Method wi ndowCl assMenu answers the menu for the window:
AMenu fromHandl e: (W NAPI LoadMenu: hlnstance with: ' GENERIC )

windowClassTitle
Method wi ndowCl assTi t | e answersthetitle for the window:
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N CGeneri c'

Step 4: Install the event handlers

The event handler map associates user interface events with handlersin the class. It is
initialized in a class method:

initialize
super initialize.
sel f
addHandl er: IDM EXI T sel ector: #cl ose;
addHandl er: | DM _ABOUT sel ector: #about;
addHandl er: | DM HELPTOPI CS sel ector: #hel pTopi cs.

The initialize method must be called once to initialize the class.

cl ose
W NAPI FreeLibrary: hlnstance.
Asuper cl ose

about
| aboutDig |
(about Dl g : = Di al ogBox new)
when: #create perform [
self initDialog: aboutD g

I

when: IDOK perform [ aboutDi g close ].
about Dl g di al ogBox: hl nstance

tenpl ate: ' ABOUTBOX

owner: self

Thefirst about prototype simply brings up the About dialog box, so you add an empty
i ni t DI g: method in Generic. You can later fill the dialog with information.

Step 5: Linking with an external DLL
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The about method uses APIs from VERSI ON. DLL, which must be linked with the
executable image.

To install the API definitions, open the image properties dialog from the Transcript
menu, and press the Add button. Thisleadsto aFile Open dialog box that lets you
locatethe DLL. In our case, itisin the Windows NT SYSTEM32 subdirectory. Y ou can
view the APIs by double clicking on the module name. The button Save in the property
page writes the imported API list to an ASCII file.

The next step isto save and rebuild the image by checking the compress option in the
image save box. This rebuilds the import table and makes the imported APIs effectively
available. Y ou can now implement and test thei ni t DI g: method.
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Additional Steps

Y ou should use the Project Browser to manage your source code. It lets you create a
package that contains the code you implemented, as well as prerequisites that are
required for your code to run. In this case, the project requires the library

VERSI ON. DLL.

The Project Browser lets you also remove the code from the image. Alas, it does not
unlink the library, so you must remove VERSION.DLL manually if you wish to
minimize the size of the import section.

When the project isre-installed, the library is automatically loaded.

Note

Certain versions of the development image may already be inked with VERSI ON. DLL.
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Generating Executables

Overview

In most cases, generating a stand-alone executable from a Smalltalk project is
straightforward.

Thefirst step is to identify the components that make up the executable application. It is
also necessary to perform initializations and bindings that are required by the
application but are done automatically by the development image, such asinitializing
system libraries.

Application Entry Point
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The application entry point is the top-level node from which references are computed.
For an executable, thisisthe method wi nMai n: wi th: wi th: wit h: .

The parameters to this method are:

Table7-1 winMain Parameters

Parameter Description

HModule An HModule with the module handle to the current process. It
can for example be used to load resources from the executable
file.

HPrevinstance Always zero, implemented for compatibility reasons.

CmdLineArgs An Array of command line arguments.

NCmdShow An integer that specifiesthe initial show state of the

application’s main window.
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An application must perform the following actions (bold marks indicate mandatory
initializations):

Application Type/ GUI OLE |Console
Action

Olelnitidize X

initCommonControl sSEx X

Registering window X X
classes

AllocConsole X

Olelnitialize

Thefunctiond el ni ti al i ze initializesthe OLE library. Y ou must initialize the
library before you can call OLE functions. The library is closed with
AeUninitialize.

Example .

I Appl i cati onProcess * net hods!
wi nMai n: hModul e with: hPrevinstance with: cndLi neArgs with: nChmdShow

Public - Calls initialization function.

Initialize OLE "
WNAPI Qelnitialize: NULL.

" Regi ster Wndows "

W ndow regi sterd ass.

A eCont ai ner Vi ew regi sterC ass.

Si npl eCont ai ner Frame regi sterd ass: hMdul e.

" Create application and run nessage |oop "
W nApplication new run: [SinpleContainerDoc new open].

" Uninitialize OLE "
W NAPI deUninitialize.
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Note

There canbe multiple A el ni ti al i ze calls, eachbalancedbyand eUni ni ti al i ze cal.

initCommonControlsEx

Themethod i ni t CommonCont r ol sEx: initializes the common controls library.
Y ou must initialize the library before you can use common controls.

The parameter to i ni t ConmonCont r ol sEx: isacombination of flags that specify
the Windows classes you wish to use.

Example:

Control initConmonControl sEx: | CC_W N95_CLASSES| | CC_| NTERNET CLASSES|
| CC_DATE_CLASSES| | CC_USEREX_CLASSES]| | CC_COOL_CLASSES.

Note 1

Do nat register WWN32 controls and common controls, as these are maintained by the operating system.

Note 2

Use the function InitCommonControls (W NAPI | ni t CormonCont r ol s) to initialize an older version (pre 4.70) of
the common contrals library.

Registering window classes

Each application-defined window class that you use must be registered before you can
create awindow of that class. Thisis done by sending the messagesr egi st er Cl ass
orregi st erCl ass: tothe Smalltalk class that encapsul ates the window. The
optional parameter specifies a module from which resources such asicons are to be
loaded. If the resources have been compiled into the executable, theinitialization
method passes simply the hModul e parameter.

Note

Dialog boxes are pre-registered by Windows and nmust only be registered if they use for exanple a custom class icon.

AllocConsole
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A console (non-GUI) processthat is not explicitly marked as a console application must
alocate a console for output. Thistopic is covered in more detail in Console
Applications on page 359.
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Running a GUI Application

After the externa libraries have been initialized and the window classes registered, the
entry point routine creates the main window and starts a message loop. The code that
performs thistypically looks like:

W nAppl i cation new run: [SinpleContainerDoc new open].

The method r un in WinApplication takes a block argument that evaluates to the main
window. The WinApplication instance registers a handler for the#dest r oy event, so
it knows when the main window is destroyed. It then enters the message loop. When the
main window closes, the#dest r oy handler isinvoked, which in turn exits the
message loop by posting a\WM_QUI T message to the thread’ s message queue.

The next statement is only evaluated after all windows in the main thread have been
destroyed.

Running a Dialog Application

An application that only displays modal dialog boxes does not need to run a message
loop because the Windows system manages the message loop while the dialog is
running.

The W NMAI N. SMfile of such an application typically looks like below:

wi nMai n: hModul e with: hPrevlinstance with: cndLi neArgs with: nCnmdShow
Public - Calls initialization function

" init conmon controls if we use them'
W NAPI | nit ConmonControl s

" open a nodal dialog "
Di al ogApp new openOn: 0.

Thefirst statement initializes the common controls library, which is necessary if the
dialog uses any of the common controls. The next statement opens the modal dialog
box, specifying aNULL owner. When the dialog box terminates, control-of-flow
returnsto the caller and the process terminates.

If the dialog is modeless (for example to enable accelerators), it is necessary to create an
instance of WinApplication to run the message loop. The last statement must therefore
be replaced with:

W nApplication new run: [ Dial ogApp new openMdel essOn: NULL]

The block evaluates to the main window (in this case, an instance of DialogApp).
When the main window is destroyed, the application loop exits and the process
terminates.
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DLL Entry Point

The DLL entry point isthemethod dl | Ent ryPoi nt : wi t h: wi t h: in
ApplicationProcess class. It is called when the module is loaded and unloaded as well as
when athread is created and destroyed. The second parameter, f dwReason, specifies
the reason for which the method is called.

If aDLL needsto perform initializations or cleanup tasks, you must call your
initialization / unitialization method under DLL_PROCESS AT TACH respectively
DLL_PROCESS DETACH. After modifying the DLL entry point method, save it under
the name DLLMAI N. SMin you project directory. It is the counterpart of the

W NMAI N. SMfile for executables, with the difference that it is optional for DLLSs.

Note that it isimportant for aDLL to cleanup properly, since it may be loaded and
unloaded dynamically during the lifetime of the process. Otherwise, straggling memory
blocks and operating system resources may accumulate and, ultimately, prevent the
process from functioning properly. It is also necessary to unregister any window classes
that the component registered on startup.

Application Resources

It isimportant to include implicitly used resources from the development image, in
addition to resources that are specific to the application. The following paragraphs
discuss the most important standard resources that an application uses. The source of
the resourcesis provided, so it is easy to build custom solutions.

The easiest way to set up directories is to use the resource generation option under
File|New|Resource Script. This opens adialog that lets you choose the resource items
you wish to include.

Message file
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The message file contains standard runtime messages that are used for error and
warning messages.

To include the message binaries, add the following line to your resource script (RC
file):
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LANGUAGE 0x9, Ox1
1 11 "stnsg. bin"

Y ou generate the source for a message file as follows:
1. Inthe Class Hierarchy Browser, select WinException

2. Right-click on the class and select Build Message File..., click on No when
prompted whether you want to include devel opment messages

Prompter dialogs

If the application uses any form of Prompter, you must include prompter dialog
templates. The template scripts are located in the SUPPORT subdirectory.

String tables

The standard string tables provide short tips for standard toolbar buttons and menu item
descriptions.

Tooltip strings are used by the standard toolbar for File and Edit commands. When the
mouse hovers over atoolbar button, the corresponding tooltip message is displayed.

Menu item descriptions are displayed in a status bar when the user scrolls through the
menu. The framework automatically |oads and displays the corresponding string if one
is defined.

Using Symbols at Runtime

By default, and in order to reduce the size of the executable, aruntime image includes a
simplified version of the symboal table that only contains strings for the class symbols.
In this case, symbols cannot be added at runtime, so sending as Synbol to astring
returns nil when the string is not the name of aclass. Of course, the symbols themselves
dtill exigt, it isjust not possible to obtain the string that corresponds to a symbol and
vice versa, unless the symbol correspondsto a class.

It is aso possible to generate an image that contains the full symbol table and
implements all the symbol functions available in the development image. The cost isa
larger executable, so you should only use this option if the application specificaly
requires the symbol functionality.
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Headless Applications

A headless application is an application that does not display a user interface, or does so
only optionally. Typically, these are server processes that run unattended and must not
display messages to the user.

Process Types

A Smalltalk process can run as aregular Win32 application or as a console process. A
consol e process displays a console window unlessiit has been started as a detached
process.

A Win32 application has no obligation to create a message loop or a window.
Therefore, server processes can implement thewi nVRi n: wi t h: wi t h: method in
ApplicationProcessto start up the server environment.

Error Handling

All standard error handling isdonein MessageBox cl ass>>| ogMessage: i d:
and MessageBox cl ass>>pri nt Last Error: . Thelatter isonly called when
debugging flags are turned on.

To suppress standard error messages (such asdoesNot Under st and: ), you must re-
implement | ogMessage: i d: . For example, you can user eport Err or Event : in
ApplicationProcess to report an error to the application log (on Windows NT).

The same can be applied to debug messages.

The Build Process
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The image generator first |oads the application startup code (in W NMAI N. SM) and one
or more runtime files with runtime-specific code. The builder first marks all the code
and classes that can be reached from that entry point. The next step isto recompile the
code for the target image, and the last step optimizes the executable by compacting the
sections. Therefore, devel opment settings for the section sizes do not apply to runtime
images.
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Runtime Code

Severa runtime files come with the product. The purpose of the runtime code isto
replace al references to the devel opment image before the pruning process begins. For
example, exception handling invokes the debugger at runtime, which itself references
the compiler, so this code needs to be replaced.

There arefiles for release and debugging builds of executables and DLL images. The
project build properties determine which files are loaded, so the information below is
only useful if you wish to look at the contents of aruntime file or need to modify
runtime code.

Table 7-2 Runtime Files
File Description
RUNTI ME. SM Release runtime code that replaces the exception handling

system, installs simplified symbol handling and replaces some
error and diagnostic code.

RUNTI ME_DBG. SM Runtime code that includes the Smalltalk runtime debugger.

RUNTI ME_NULL. SM Minimum runtime code that just eliminates the reference to the
debugger. Because it does not replace the exception handler, it
is convenient to use this file when tracking errors that occur
during the build.

RUNTI ME_DLL. SM DLL release runtime file. The Project Browser automatically
loads this file when compiling aDLL.

RUNTI ME_DBG DLL. SM  DLL runtime code that includes the Smalltalk runtime
debugger.

RUNTI ME_SYM SM Release runtime code for EXE and DLL images that use a
RUNTI ME SYM DLL. SM  Symbol table at runtime.

Several other files provide a common code base and are loaded indirectly viathe code
above.

The Project Browser looks for the runtime file in the following directories:

1) The project directory

2) The current directory

3) Theproject library path (generally, thisincludes the SOURCE subdirectory)

This means that afilein the project directory or in the image directory overrides the
default runtime file.
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Console Applications

Overview

A console application is a Win32 executable that runs in console mode. Because you
can create a console for aregular Win32 GUI application, devel oping and debugging a
console application is straightforward.

This section explains how to create a console window and the differences between
development and runtime code, and addresses command line processing iSsues.

A console consists of an input buffer and one or more screen output buffers. High-level
I/0 streams let an application read and write to the buffers sequentialy.

Class ConsoleStream manages input and output for character-mode applications. A
character application reads input from a standard input stream and writes to a standard
output stream. In addition to these basic tasks, an application can also access the screen
buffer and trap mouse events.

Creating a Console

A process that is not tagged as a console application allocates a console using:
Consol eSt ream al | ocConsol e.

And when it isdone,

Consol eStream freeConsol e.
de-allocates the console. Note that there can only be one console per process.

If the processis already marked as a console application, the steps above are not
necessary.

363



Chapter 7 The Development Process

Accessing the Standard 1/0 Streams

As mentioned previously, a Console has associated standard input and output streams.
To retrieve astandard stream , you use get St dHandl e:  with one of the constants
STD_| NPUT_HANDLE, STD_OUTPUT_HANDLE, or STD_ERROR_HANDLE. Itis
then possible to read and write using standard stream methods (next , next : ,

next Put : , next Put Al | : , etc...) aswell as FileStream methods.

Alternatively, an application canusecr eat eFi | e: with' CON asthefile name and
GENERI C_READ for the input stream, GENERI C_WRI TE for output. However, unlike
the standard streams obtained with get St dHandl e: , streams returned by

creat eFi | e: cannot be redirected.

Console Control Handlers

Console control handlers handle the following keyboard events:
CTRL+C, CTRL+BREAK, Of CTRL+CLOSE.

The default system handler calls Exi t Pr ocess on any of these events. An application
can define a replacement handler that handles these and / or additional input events.

Method set Consol eCt r | Handl er in class ConsoleStream installs a handler in
Handl er Rout i ne: , Thedefault handler in ConsoleStream discards the events so
that the processis not terminated (which is quite useful when the console is attached to
aGUI application).

To install the default handler:

Consol eSt ream set Consol eCt r| Handl er.

Processing Command Line Arguments
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Console applications often have to implement command line parsing (what follows
appliesto any type of application, not only console processses). The initialization
methods in ApplicationPr ocess do most of the work, including wildcard expansion, so
al that remainsisto analyze an array of command line parameters.
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The cmdLineArgs parameter that is passed viaAppl i cati onPr ocess>>
wi nMai n:wi th: wi t h: wi t h: isanarray with the following data:

Table 7-3 Command Line Parameters
Parameter Description
1 Name of executable.
2 First command line parameter.

i Command line parameter at positioni - 1.

Wildcard expansion expands expressions such as*. XLS into a collection of file names
that populate the array above. To retrieve the unexpanded parameters, use

Appl i cati onProcess>>get RawConmandAr gunent s.

Y ou can also retrieve the unprocessed command line with the APl Get ConmrandLi ne
at any time. However, beware of complicationsif you have to parse file names
manually because there are different formats (with and without quotation marks) and
differences between Windows 98 and Windows NT.

Console Skeleton

The code below is askeleton for console applications. It assumes that the executableis
compiled as a console application. Therefore, there is no need to allocate a console
explicitly at runtime. However, it is necessary to allocate a console window in the
devel opment environment.

wi nMai n: hModul e with: hPrevinstance with: cndLi neArgs with: nChmdShow
| stdin stdout szlnputFile szQutputFile filelnput fileQutput sz step idx |
_|'S_DEVELOPMENT == TRUE i f Tr ue:
' disable if | MAGE_SUBSYSTEM W NDOAS_CUI
Consol eStream al | ocConsol e.
Consol eStream set Consol eCt r| Handl er.
].
stdin : = Consol eStream new get St dHandl e: STD_| NPUT_HANDLE.
stdout := Consol eStream new get St dHandl e: STD OUTPUT_HANDLE.

stdout nextPutAll: 'Display application nane\n'.

i mpl enent comand |ine parsing "
" inplement your processing here...
_|'S DEVELOPMENT == TRUE ifTrue: [

" <- disable if | MAGE_SUBSYSTEM W NDOA5_CUl "
Consol eSt ream f r eeConsol e.
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Sample command line parsing:

" conmand |ine argument parsing "
cndLi neArgs si ze
case: 1 perform [

' no argunents "

case: 2 perform |
(cndLineArgs at: 2) ="'?" ifTrue: [
stdout nextPutAll: '\nDisplay Usage and Copyright Information\n'
].

]
default: [

" multiple argunents "
].

Testing a Console Application

From the development image, evaluate the code above. If thereis an exception, do not
forget to call Consol eSt r eant>>f r eeConsol e before you restart.

Generating a Console Process

Project Browser has an option for generating consol e processes. The system
automatically allocates a console for the process, unlessit has been started with the
PROCESS_DETACH flag.
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Figure7-2 Build Properties (Console Application)

Fuild Prapedies
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Dynamic Link Libraries

Overview

Smalltalk MT lets you build general-purpose DLLs that can be used by any program
capable of loading DLLs, either statically or at runtime. From an application’s point of
view, aDLL isasoftware component that exports a given set of functions. A DLL is
bound to the processin which it is executed, but neverthel ess has the capability to
allocate private memory and run threads. In particular, aDLL written in Smalltalk runs
its own garbage collector.

DLL Exports
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Y ou can export any class method that has been compiled under the category . EXPORT
or . EXPORT_CDECL. The methods must be listed in an export declaration file (.DEF)
that has the following format:

LIBRARY name of library
EXPORTS
class>>exported_method :: exported_name @ordinal

Each line under EXPORTS specifies an export.
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Table7-4 DLL Export Declaration

Parameter Description

name_of library Name of thelibrary.

class Class that implements the exported method.
exported_method  Smalltalk selector of the exported method.
exported _name Name to export the method as.

ordinal Ordinal to export the method as.

Limitations

A DLL export in Smalltalk is exactly the same as a C function, with all the limitations
that a non-object mechanism impaoses. In particular, the Smalltalk receiver is not
defined. For this reason, the stub code generated by the compiler assignsthe classin
which the method is defined to sel f . The consequences are:

¢ Itisnot possibleto inherit an exported class method. The method must be
implemented each time it is exported.

¢ Itisnot possibleto export instance methods (because the receiver is not known at
compiletime).

If any of the functionality listed above is required, you must use a binary object
standard such as COM. COM objects can expose instance methods and also support
inheritance.
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Thefirst part of this chapter discussesthe DLL interface. It examines how to call an
API, return values and arguments. A series of examples demonstrate common function
calls. Wewill also address ANSI and Unicode API bindings, using decorated names,
and implementing exports.

The following sections discuss exception handling and supporting native ANSI and
Unicode applications.

Object serialization is an interface that allows serializing a complex object to a stream
or amemory-mapped file. The section on finalization and weak referencesis of interest
if you want to provide finalization methods that are called when an object gets out of
scope. Debugging messages and error events assist you in tracking down bugs.

The Smalltalk Compiler interface allows you to implement development tools.

The last section discusses performance issues and interacting with the garbage collector.
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Interfacing with Dynamic Link Libraries
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There are two ways of interfacing with aDLL. Oneisruntime binding and is not
discussed here (it involves loading the module, querying an API address and calling the
procedure), the other consists of statically linking the library so that the references are
fixed up by the loader. The latter method is the most economical in terms of resources
and performance.

Before you can link statically with alibrary, the API definitions must be loaded as
described in Image Maintenance.

For each API, Smalltalk needs to know the information in the table below:

Table 8-1 Import Declarations
Declaration Description
APl name The name of the APl must be unique within the system for
load-time binding.
DLL name The name of the DLL.
Calling Convention WINAPI

Thisisthe standard calling convention for Windows. The
callee cleans up the stack.

C

The standard C calling convention, also known as_stdcall. It
allows passing a variable number of arguments, and the stack
is cleaned up by the caller (which isless efficient on Intel
architectures). Of the Windows base APIs, only wsprintf
functions use it.

Argument Count The API can accept either avariable or a fixed number of
arguments. All WINAPI functions require a fixed number of
arguments, but C type functions may accept a variable number
of arguments.

For afixed argument count, the entry can consist of:

the number of arguments (i.e., 1 for MessageBeep)

or

an array with the size of each argument (i.e., #(8) for
W ndowFr onPoi nt )
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Return Type Integer (LONG)
(Default) The return value is converted to an integer.
ULONG
The return value is an unsigned 32-bit integer.
Smalll nteger

Thereturn valueis a 32 bit long, but its value does not exceed
31 bits. Reduces the code somewhat.

USHORT

Thereturn valueis a 16 bit unsigned integer that is converted
to an Integer. Unusual for 32 hit code.

SHORT

Thereturn valueis a 16 hit signed integer that is converted to
an Integer. Unusual for 32 bit code.

Float (FLOAT)

Thereturn valueis afloat (afloat is passed on the top of the
floating-point stack). A Smalltalk Float instance is created.

A Smalltalk 4 byte object class

An instance of the 4-byte object classis created and the 32 bit
return value copied to the object. This can be used for Handl e,
LONG, Senaphor e €tC.

Hint The hint entry isan ordinal generated automatically by the
import editor.

Y ou can edit the API information by selecting an APl namein the class hierarchy
browser and choosing the edit APl menu:

Figure8-1 API Properties
AP Piupwmlive. "LuadSiringa”
LEFR=edl Seheca | SezllHogor =
Fournibisr o A urnon s Caling S wanl i
£ Yerighle LA B
& Eixco | Crrem |4 ™ 2 cded
L1 | | LUa-cel |

Theinitia default entries are:
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¢ WINAPI calling convention
¢ unknown fixed argument count

¢ Integer return value

The number of arguments is updated when the first call is compiled. If a subsequent call
uses a different number of arguments, the API Properties box pops up, so that the
developer may correct the entries. Thiskind of lazy initialization turns out to be far less
tedious and error prone than updating all API information blocks at once. However, it is
mandatory to set the correct entries for APIsthat follow the C calling convention.

See a'so Programming for ANS and Unicode on page 393 for how to maintain
different character encoding.

Passing Arguments

Overview

By default, the compiler generates code that sends the message _asCi nt eger to each
argument beforeit is pushed onto the stack. Y ou can override the default by using the
pseudo-message basi cAddr ess.

API arguments can be passed by value or by reference. In the first case, the value of the
parameter is pushed onto the stack. The value is dways widened to 32 bits, or, in the
case of multi-byte parameters, the total number of bytes transferred is a multiple of 32
bits. Passing by value is generally used for integers, large integers (LARGE | NTEGER
ori nt 64 typein C) and double precision floats.

Passing by reference means that the address of a parameter, rather than the parameter
itself, is passed.

The pseudo-message _asCinteger
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Themessage _asCi nt eger requests the C compatible format of an object. The
return valueis araw 32-bit value, unless the receiver raises an exception because it
cannot be passed to an API.
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32-bit values

A 32-bit value is the default parameter passing convention. The object itself respondsto
themessage asCi nt eger and returns a 32-bit value. Integers and Handles respond
with their value. Byte objects such as WordArrays and Strings return the address of the
object. Floats respond with a 4-byte floating-point value (equivalent to asimple
precision C float type).

Passing by Reference

Y ou can force an object to pass its address with the pseudo-message basi cAddr ess.
Thisis equivalent to the prefix & in C. Small integers do not have an address, it is
therefore necessary to first create a LONG with the integer asitsvalue.

Passing multi-byte structures by Value

If the API takes a multi-byte structure, theresult of _asCi nt eger isinterpreted asthe
address of a byte object whose contents are pushed onto the stack.

Passing multi-byte objects by value rather than by reference is unusual, except for small
objects such as floats and sometimes points.

Examples

Example 1

This example retrieves the computer name of the current machine. The API is defined
as:

BOOL Get Conput er Nane(
LPTSTR | pBuf fer, /] address of name buffer
LPDWORD nSi ze // address of size of name buffer

)

The Smalltalk code looks like:

| buffer length |

buffer := String new 256.

length := LONG val ue: buffer size.

(W NAPI Get Conput er Nanme: buffer with: length basi cAddress) == TRUE ifTrue: [
“buffer copy

Ani
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It first creates a L ONG that holds the maximum number of characters the function can
copy. On return, the LONG contains the number of characters copied. Since the string
as a'so null-terminated, the code simply uses

buf fer copy

to obtain the exact string. Another possibility isto use:

buffer copyFrom 1 to: length aslnteger

This code works with the default properties of the API. It is aso possible to modify the
return type to BOOL in the API editor; in this case the API call above would become:

(W NAPI Get Conput er Nane: buffer with: I ength basicAddress) ifTrue: [

Note that the previous code still works after the return typeis changed to BOOL
because the compiler uses lazy type conversions and the comparison against a 32-bit
value (TRUE) has higher precedence.

Bxample 2
This example callsthe function | sPr ocessor Feat ur ePr esent . Thefunction is
defined as:
BOOL | sProcessor Feat ur ePr esent (
DWORD Processor Feat ure /| specifies the processor feature

)k
W NAPI | sProcessor FeaturePresent: PF_MW_| NSTRUCTI ONS_AVAI LABLE

Evaluating the expression above returns either 1 or 0. Y ou can change the return type to
BOOL to let it return a Smalltalk Boolean.

Bxample 3: Passing a multi-byte structure by value
The API Chi | dW ndowFr onPoi nt takes two arguments, the handle of awindow
and a point, which is passed as an 8-byte structure.
W NAPI Chi | dW ndowFr onPoi nt: handl e wi th: aPoi nt

Example 4: implementing _asCinteger

W ndow>>_asCi nt eger
“handl e _asC nteger

The compiler has specia code that handles the message _asCi nt eger . It ensures that
the result is a 32-bit value in the generated method implementation, and when you use
_asd nt eger it assigns the raw 32-hit type to the result. For example:

#[1 2 3] _asC nteger
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evaluates to the address of the WordArray.

Bxample 5: Using LONG objects
Given the following API definition:

BOOLEAN W NAPI MyFunc(LONG, LONG *LONG);

The code below invokes the function in C:
LONG nyVal ;

LONG val =1234;
MyFunc(val , 777, &nyVal);

In Smalltalk, the code becomes:

| nyVal val |
nyVal := LONG new.
val := LONG val ue: 1234.

W NAPI MyFunc: val with: 777 with: nyVal basi cAddress.

Optimizing with pseudo-messages

It is possible to optimize parameter passing when the type of an argument is known in

advance.
Table 8-2 Optimizing APl Parameter Passing
M essage Appliesto Effect
_asInteger Smalllnteger Converts a Smalltalk Smalllnteger to a 32-bit value
using inline code.
basicAddress byte objects Passes the address of the object.
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Note Do not use _aslInteger on immediate (literal) integers. The conpiler already generates optimal code in this case.

Referencing Arguments

Smalltalk provides automatic memory management that frees the developer from the
tedious and error prone task of de-allocating memory. An unreferenced object is
eventually garbage collected. Because the garbage collector scans each thread's stack,
API arguments are referenced at |east until the function returns.

A problem may ariseif arguments are still in use after the API returns, without being
referenced from the Smalltalk image. Typically, this can be the case when a callback
API copies arguments to local storage, asillustrated by the following code fragment:

| idThread |
i dThread : = LONG new.
W NAPI CreateThread: NULL
with: NULL
with: [ :argument | self someMethod ]
with: NULL " argunment "
wi t h: CREATE_SUSPENDED
wi th: idThread basi cAddress.

The method returns before the thread had any chance to run. As aresult, the block

[ :argunent | self soneMethod ]

is de-referenced and discarded, which generates an exception once the thread is
resumed. Note that if the thread runs right away, the call will probably not fail in most
cases, although thereis no guarantee that it executes correctly.

The code fragment shown below can aso be a source for erratic errors:

sel f set Dl gProc.

AW NAPI Di al ogBoxPar amA: hi nst
with: idTenplate
with: owner Wndow
with: dl gProc
with: NULL

If the caller does not reference the dialog box instance, its life depends on it being
referenced by the stack. For a dialog procedure, this may often be the case, and results
in code that works most of the time.

Smalltalk MT provides a convenient method for keeping references without resorting to
global variables. An application can user egi st er Cbj ect to reference the receiver
by the current thread, and r el easeCbj ect to de-referenceit. The messages
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respectively increment and decrement the number of references; and the object is
subject to being discarded once the number of references reaches zero and there are no
references from the Smalltalk image.

Return Types

Abstract

Integer

Theintrinsic return value of afunction is always a 32-bit value returned in the
accumulator (EAX), except in the case of afloating-point return type where afloat is
returned on the top of the floating point stack.

The compiler recognizes several predefined types and compiles specia code that
transforms the return value into one of these types.

Integer isthe default return type. When the function returns, Smalltalk converts the 32-
bit value into a Smalll nteger or Largel nteger. A Largel nteger is created when the
result does not fit within 31 bits.

Smallinteger

Smalllnteger simply tells the compiler that the result is always less than 31 bits wide;
therefore, it is not necessary to generate code that tests for an overflow and createsa
Largel nteger if necessary.

Another way to accomplish the same effect without modifying the APl declarationisto
send the pseudo-message _as Shor t to the return value, asin the example below:

(W NAPI SendMessage: m handl e
with: CB_DELETESTRI NG
with: index
with: NULL) _asShort

The CB_DELETESTRI NG message returns the number of remaining elements or —1 if
an error occurs, so the return value clearly cannot exceed 31 hits.
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BOOL

A return type of BOOL means that the function returns O on failure and a non-zero
value on success. The return valueis converted to a Smalltalk Boolean (true or false).

If the API documentation specifies any other type than BOOL, it is better to use direct
comparisons. For example, OLE functions oftenreturn S_ OK or S_FALSE, where
S K == 0andS_FALSE ==

Compiler Specific

Immediately after the function returns, you can compare the return value against a 32
bit integer using identity:

(W NAPI MyFunc: param ~~ O ifTrue: [...]
Thisisuseful if you want to be compatible with existing code.

Y ou can also compare directly using:
(W NAPI MyFunc: paran) ifTrue: [...]

In all cases, the native code is optimized (it does not really generate the Smalltalk
Boolean).

SHORT and USHORT

A SHORT or USHORT return value denotes a 16 bit return value (i.e., only the low
order 16 bit word isvaid). A SHORT is sign-extended (i.e., avalue of 16rFFFFis
converted to —1). Thereturn value is always a Smalll nteger instance.

CHAR and UCHAR

ULONG
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A CHAR or UCHAR return value denotes an 8 bit return value (i.e., only the low order
8 bit word isvalid). A CHAR issign-extended (i.e., avaue of 255 is converted to —1).
The return value is always a Smalll nteger instance.

A ULONG return type creates an unsigned integer. The result is the same as (WINAPI
funcXY Z) unsigned. Using this return type is only necessary when the result must be
compared against another integer.
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A Smalltalk byte class

It is possible to create an instance of a Smalltalk byte class (such as a subclass of
L ONG) automatically. Y ou must enter the name of the Smalltalk class with the API
editor or edit the DEF file that describes the functions of the DLL.

Note It is often preferable to create the Smalltalk object using an explicit message such as Val ue: , which provides

more error-checking.

Float
The Float (or FLOAT) return typeis a specia case of instantiating a Smalltalk class.
Please note that it is mandatory to specify Float (or FLOAT) for afunction that returns
afloating-point value. Thisis because the floating-point value is taken from the
floating-point stack, and not from the accumulator (the EAX register).

Examples

Overview
Y ou will find the following examples on the distribution disk. The calls are
implemented in class methods of a class named LibTest. The C source code isaso
provided.

Example 1: Floats and characters

LONG W NAPI testFuncl(long double f, CHAR c)
return (LONGf + c;

}
Smal | tal k Code:
AW NAPI testFuncl: f with: c

Exanpl e:
Li bTest testFuncl: 22.3 char: $c
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API Parameter Declaration (double 0)

Return Value Integer

The first argument, a Float instance, is pushed onto the stack. The second argument is
first converted with the hidden message _asCi nt eger , and the resulting 32-bit value
is pushed onto the stack.

Thereturn value is asigned integer (the default return type in Smalltalk MT).

Example 2: ULONG return type

ULONG test Func2(float f, UCHAR c)

{
return (LONGf + c;

}
Smal | tal k Code
AW NAPI testFunc2: f with: c

Exanpl e:
Li bTest testFunc2: 22.3 char: -1
Li bTest testFunc2: -22.3 char: 0

API Parameter Declaration (double 0)
Return Value ULONG

This exampleis similar to the previous example. The return value has been declared as
aULONG, meaning that a negative 32-bit value is converted to aL argel nteger. The
other difference is the type of the second parameter. For example, a negative value such
as—1 isinterpreted as 255 in the function.

Please note that the calling convention is the default C calling convention (_cdecl).

Example 3 & 4: Passing pointers
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The following examples pass pointersto 1, 2, and 4 byte arrays. The API call overrides
the default API representation of each parameter to ensure that an address is passed.

The are severa waysto fill abyte object. The pseudo-messages byt eAt : and
_wor dAt O f set : directly write at the specified index (respectively offset in bytes)
of the receiver object. Therefore, the caller must make sure that the parameters are of
the correct type.




Interfacing with Dynamic Link Libraries

CHAR W NAPI test Func3(ULONG *I pl, CHAR *pChar, UCHAR *pUChar)

I'p1[0] = pChar[O0];

I p1[1] = (LONG) pUChar[0];
I p1[2] = (LONG pUChar[1];
return *pUChar;

}

Smal | tal k Code:
W NAPI testFunc3: array basi cAddress
with: pChar basi cAddress
wi th: pUChar basi cAddress

Exanpl e:

| array pUChar |

array := WrdArray new 3.

pUChar := ByteArray new. 2 * 2.

pUChar _byteAt: 1 put: -3.

pUChar _byteAt: 2 put: 4.

Li bTest testFunc3: array pChar: $a pUChar: pUChar.

array
API Parameter Declaration 3
Return Value Integer (default)

VO D test Func4(LONG *I pl, SHORT *pShort, USHORT *pUShort)

| p1[0] = pShort[0];
I p1[1] = (LONG pUShort[O0];
I p1[2] = (LONG pUShort[1];

Snal | t al k Code:

W NAPI testFunc4: array basi cAddress
with: pShort basi cAddress
wi t h: pUShort basi cAddress

Exanpl e:

| array short Param ushort Parani
array := WordArray new 3.

short Param : = LONG new.

short Param _wordAt Offset: 0 put: -3.

ushort Param : = ByteArray new. 2 * 2.

ushort Param _wordAt Offset: O put: -3.

ushort Param _wordAt Of fset: 2 put: 4.

Li bTest testFunc3: array pShort: shortParam pUShort: ushortParam
array
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API Parameter Declaration 3
Return Value Integer (default)

Examples 5 & 6: Passing structures

LONG W NAPI test Func5( PO NT pt)

{
return pt.x + pt.y;

}

Snal | tal k Code:

AW NAPI testFunc5: aPoint

AW NAPI testFunc6: aPoint x with: aPoint y

Exanpl e:
Li bTest testFunch: 12@2

The examples 5 and 6 illustrate the different ways of passing a WinPoint by value.
Example 5 declares the parameter as an 8-byte structure that is passed by value, while
example 6 declares two arguments, x and y.

Example 5:

API Parameter Declaration (8)
Return Value Integer
Example 6:

API Parameter Declaration 2
Return Value Integer

Examples 7 & 8: Floating point values

float WNAPI testFunc7(float f1, double f2)
{

return f1 + f2;

}
Smal | t al k Code:
AW NAPI testFunc7: f1 asFloat with: f2 asFl oat

Exanpl e:
Li bTest testFunc7: 12.2345 float: PI

Example 7:
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API Parameter Declaration (float double)
Return Value FLOAT

doubl e W NAPI testFunc8(double f1, double f2)
return f1 + f2;

}
Smal | tal k Code:
AW NAPI testFunc8: f1 with: f2

Exanpl e:
Li bTest testFunc8: 12.2345 float: PI

Example 8:
API Parameter Declaration (double doubl€)
Return Value FLOAT

Example 9: Floating point structures

doubl e W NAPI testFunc9(double *pfl, float *pf2)
return pf1[0] + pf1[1] + ((pf2[0] + pf2[1])* 2);

}
Smalltalk Code:
AW NAPI testFunc9: pfl with: pf2

Example:

| pfl pf2 |

pfl := Struct fromArray: #(##(Pl negated) ##(2 sqrt negated)).
pf2 := WrdArray with: Pl // 2 with: 2 sqrt // 2.

Li bTest testFunc9: pfl float: pf2

API Parameter Declaration 2
Return Value FLOAT

Thefirst argument to the function is a pointer to an array of 8-byte (double precision)
floats, the second a pointer to an array of 4-byte (single precision) floats.
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Example 10 & 11: More structures

386

LPPO NT W NAPI test Funcl0(PO NT pt1, USHORT uCffset)
{

LPPO NT pt;

pt = (LPPO NT) mal | oc(si zeof (PO NT));

pt->x = ptl.x + uOffset;

pt->y = ptl.y + uOffset;

return pt;

}
Smal | t al k Code:

| I'pPoint |
| pPoint := WNAPI testFuncl0: aPoint with: uOffset.
| pPoint ~~ NULL ifTrue: [
| answer |
answer := WnPoint new fronBytes: | pPoint.
W NAPI free: | pPoint.
Nanswer
i fFal se: [
Ani
].
Exanpl e:

Li bTest testFuncl0: 1@ offset: 10

API Parameter Declaration (80)
Return Value FLOAT

This function takes a point and an integer, and returns a new point allocated using
malloc. The Smalltalk code that calls the function copies the contents to aWinPoint
and frees the memory allocated by the function (knowing that the memory has been
allocated with mal | oc).

int WNAPI testFuncll( FORVATETC* pfornatetc)
{

pf or nat et c- >cf Format = CF_TEXT;

return O;

Smal | t al k Code:
| formatEtc |
format Et ¢ : = FORMATETC new.
W NAPI testFuncll: formatEtc.
~ormat Et ¢ cf For mat

Exanpl e:
Li bTest testFuncll
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API Parameter Declaration 1
Return Value Integer (default)

Example 12: Callback functions

This sample illustrates passing back and forth function and method addresses.

The callback function sample passes the addresses of two exported class methodsto aC
function. The C function calls both exports and returns the address of another function
implemented in C. The calling Smalltalk code finally calls the function using the
returned function address.

FN1* W NAPI testFuncCal | (FNO* pfnO, FN2* pfn2){
LPSTR resul t;

result = pfn0();
pfn2(result, 123);

return testFuncO;

}
Smal | tal k Code:
| pfn |
pfn := WNAPI testFuncCall: (self nethodAddressAt: #FNO)
with: (self methodAddressAt: #FN2:with:).
AMenoryManager cal | API: pfn with: 789.
Exanpl e:

Li bTest testFuncCall

API Parameter Declaration 1
Return Value Integer (default)

The exported class methods are simply declared as:
FNO

typedef LPSTR (W NAPI FNO)();

Transcript show. '\nFNO'.
ANt"result fromfunction FNO"'

FN2: a with: b
typedef LONG (W NAPI FN2) (LPSTR, LONG);
Transcript show '"\nFN2('.
Transcript show (String fromAddress: a).

Transcript show ', ',b printString,')".
"0
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The function whose addressiis returned by the DLL is defined as:
LONG W NAPI t est FuncO(LONG |)

return 0 - |;

}

ANSI and Unicode Binding

Many functions have ANSI and Unicode implementations. In Win32, these functions
are usually post-fixed with respectively A or W.

Smalltalk MT automatically binds with the appropriate API version. For instance:
W NAPI Get CommandLi ne

resolvesinto:
W NAPI  Get ConmandLi neA with ANSI encoding
W NAPI  Get ConmandLi new with Unicode encoding.

It isof course possible to override the defaults and call the API directly by specifying
the final function name.

Y ou see the real name of the APl when you open the API property editor (highlight the
APl in the Class Hierarchy Browser, then click on Edit API to bring up the API dialog).

Using Decorated Names

A C++ compiler generates decorated names in the absence of an explicit export function
name. For example, the function:

voi d CALLTYPE test(void)
can be exported as
_test, ?test @XAXXZ OI _test @.

To call adecorated function such as 2t est @@Axxz, use the syntax below:

W NAP| ##decor at ed_function_nane: argumentl with: argument2

where decorated_function_name is the function you wish to call, for example
?t est @O AXXZ.

388



Interfacing with Dynamic Link Libraries

If the function has no parameters, use void asin the example below:
W NAPI ##7t est @ZAXXZ: voi d

Aliasing API Names

It is possible to specify an alias for afunction. Thisis necessary if more than one library
implements a given function and the function must be called in both libraries. The alias
is used asthe API lookup key.

For example, to create an adias for the function Foo in library LibA:
1. Link with library LibA.
2. Create an diasfor Foo. There are two ways to create an dlias:

¢ From the image properties, open the library propertiesfor LibA and right-click
on Foo. In the popup menu, click on Rename... and enter a new name; for
example FooB.

¢ Call Byt ecodeConpi | er >>api Renane: i n: nane: , Specifying the real function name,
the library and the new aiased name. Y ou can add the line to an initialization
script.

Callbacks

Calling Smalltalk code from external modules either involves an exported method
(using the categories . EXPORT/ . W NAPI or . EXPORT_CDECL/ . CDECL) or a
block. Callback parameters are always converted to Smalltalk integers, and the result is
converted back to a 32-bit value.

By design, any Smalltalk block can be called from non-Smalltalk code. Smalltalk
blocks preserve the registers as required by the WINAPI calling convention, and
arguments are automatically converted to I nteger instances.

¢ Any Smalltalk block can be called by external code using the WINAPI (_stdcall)
calling convention. The only requirement is that the return value can be converted
to an API parameter.
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¢ Class methods that belong to the EXPORT _CDECL/ CDECL or EXPORT/ W NAPI
category can be called back or exported. They must return a 32-bit value.

¢ Instance methods under the EXPORT category behave like C++ member functions;
the first argument must be the receiver. This makesit possible to implement OLE
interfaces directly as Smalltalk objects.

Table8-3 Export Calling Conventions
Category Calling Convention
EXPORT The calling convention is WINAPI. Win32 normally usesthis
WINAPI convention.
EXPORT_CDECL The calling convention is STDCALL, the normal C calling
CDECL convention.

Note An exported method must not be called directly by Smlitalk code. To call an exported method, you must use
MemoryManager>>callAPI:[with:] or MemoryManager>>stdcallAPl:[with:] with the address of the exported method
(i-e., you call the method like you would call an external function, given a pointer to the function). The address of a
method is returned by the method #methodAddressAt: aSymbol.
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Exception Handling

Overview

The exception handling system provides a structured and efficient mechanism for
handling exceptional events. It is based on Win32 structured exception handling and
offers a seamless interface to hardware faults and software exceptions alike.

An application can protect ablock of code from abnormal termination by specifying a
filter block that isinvoked whenever an exception occurs, and a handler block to which
the control istransferred for those exceptions that are accepted by the filter block.
Another variation isfinalization, where an application protects a block of code by a
termination handler, which is executed when the guarded block is exited, be it through
the normal control of flow, or by an exception. Finalization blocks typically contain
cleanup code such as closing afile.

Exceptions are identified by an exception code. Win32 exception codes are defined in
W nBaseConst ant s, Smalltalk exception codesin Except i onConst ant s. An
application may pass up to EXCEPTI ON_MAXI MUM_PARAMETERS additional
parameters (32 bit values) that can be retrieved by an exception filter. In Smalltalk,
instances of WinException and subclasses are used to represent a specific type of
exception. For example, Compiler Exception represents a compilation exception and
provides methods to create an exception object from of the information passed to the
filter block, as well as default methods to handle the exception.

Most software exceptions defined in Smalltalk MT are non-resumable. However,
nothing prevents you from raising continuable exceptions as in the following example.
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Example:

self try: [
MessageBox title: 'Raise Exception' text: ''

W NAPI Rai seException: ST_EXCEPTI ON_ERROR
with: 0
with: NULL
wi th: NULL.
MessageBox title: 'After Exception' text: '’
] filter: [ :a :b |
... " do sonething that corrects the error condition "
EXCEPTI ON_CONTI NUE_EXECUTI ON

]

Common Exceptions

Exceptions are listed in the class initialization methods of Exception. An exception is
defined by its code, which is a compound of afacility code and an exception code.
There are currently two facility codes defined; ST _FACI LI TY_RUNTI ME and
ST_FACI LI TY_COWPI LER.

There are two sources of exceptions. programming errors that should be eliminated
before an application is shipped, and abnormal runtime behavior that can be caught by
the application. For example, an application might guard against invalid handles and
missing libraries and degrade its functionality gracefully.

Note

The compiler evaluates constant integer expressions at conpile time. It is therefore possible that the compilation
results in an exception (for example 1/ 0 raises an exception).

Runtime Exceptions

Operating-system Exceptions
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Exception Code: EXCEPTI ON_XXX

Please refer to the Win32 documentation for additional information about system
exceptions. Certain exceptions cannot be handled or leave the system in an unstable
state.

¢ The breakpoint exception cannot be handled when an external debugger is attached
to the process.
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¢ The stack overflow exception occurs after all the reserved stack space has been
committed. The operating system commits an additional page to let the exception
handler do itswork. To recover from this exception properly, the handler routine
has to free the unneeded stack space and reset the stack. Otherwise, the next stack
fault cannot be handled at all and the process is shut down.

Memory Allocation Error

General Error

Exception Code: ST_EXCEPTI ON_MEMORY_ERROR

Y ou get amemory allocation exception when the amount of reserved memory is
exhausted after a garbage collection cycle.

Upon initialization, the memory manager reserves spare memory that is committed
when an out of memory exception occurs. The purpose of this additional reserveisto be
able to handle the exception gracefully.

For example, an application might allow the user to perform arbitrarily complex
calculations that could exhaust the initially reserved memory space. By wrapping the
calculations in an exception handler, it is possible to handle memory exception
gracefully.

Exception Code: ST_EXCEPTI ON_ERROR

This exception is user-defined. The argument is an error description string.

Aborting
Exception Code: ST_EXCEPTI ON_ABORT
A requested operation could not be carried out. For example, alibrary could not be
loaded. The caller should handle this exception to exit gracefully.

Buffer Overflow

Exception Code: ST_EXCEPTI ON_BUFFER_OVERFLOW

An operation resulted in a buffer overflow.
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Does Not Understand

Exception Code: ST_EXCEPTI ON_DOESNOTUNDERSTAND

An object is unable to respond to a message. The exception takes two arguments; the
selector and the sender of the message.

Invalid Allocation

Exception Code: ST_EXCEPTI ON_| NVALI D_OBJECTSI ZE
A requested object alocation sizeisinvalid.

Invalid Handle

Exception Code: ST_EXCEPTI ON_I NVALI D_HANDLE
A handleisinvalid, usualy after an API failed to return avalid handle.

Hoating Point Exceptions
Exception Code: EXCEPTI ON_FLT_XXX

These exceptions denote floating-point exceptions generated by the floating-point
library. The constants are defined in W nBaseConst ant s and in class Exception.

Y ou must set the floating-point control word using _controlfp to enable floating point
exceptions, The method isimplemented as a class method in float. See also Float on
page 189.
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Example:

| a cwresult |

a:=-2.3.

cw := Float _controlfp: 0 not nmask: O.

Fl oat _controlfp: cw & (_EM ZERCDI VI DE| _EM | NVALI D|
_EM DENORVAL| _EM OVERFLOW _EM UNDERFLOW _EM | NEXACT) not
mask: _MCW EM

self try: [
result :=a// 0.0.
] filter: [:code :ptrs |

code == EXCEPTI ON_FLT_DI VI DE_BY_ZERO i f True: [
Float _clearfp.
EXCEPTI ON_EXECUTE_HANDLER

i fFalse: [
EXCEPTI ON_CONTI NUE_SEARCH
1.

except: [ result :=nil.].
resul t

Development Exceptions

Function Not Supported

Exception Code: ST_EXCEPTI ON_NOT_SUPPORTED

A requested operation is not supported by the receiver. For example,

Bool ean new
raises this exception.
Array Bounds Violation

Exception Code: ST_EXCEPTI ON_ARRAY_BOUNDS_EXCEEDED

An attempt to access an out-of-bounds element was made, for example accessing an
array element with an invalid index.

Invalid Argument

Exception Code: ST_EXCEPTI ON_ARRAY_BOUNDS_EXCEEDED
An attempt to access an out-of-bounds element was made, such asin:

(Array new 4) at: 5.
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Invalid Number of Arguments

Exception Code: ST_EXCEPTI ON_| NVALI D_NUVBER_OF ARGUVENTS

The number of argumentsto aBlock, aMessage, or aper f or mmethod, isinvalid.

Invalid APl Arguments

Exception Code: ST_EXCEPTI ON_I NVALI D_API _ ARGUVENT

An API parameter isincorrect. The default implementation of _asCi nt eger raises
this exception.

Invalid Boolean

Exception Code: ST_EXCEPTI ON_| NVALI D_BOCLEAN

A non-boolean was encountered where a boolean was expected. For example,
nil ifTrue: [...]

raises this exception. Note that the assertion is subject to optimizations.
Invalid Loop Parameter

Exception Code: ST_EXCEPTI ON_I NVALI D_LOOP_PARAMETERS

Ato:do: orto: by: do: loop was entered with non-integer parameters. See also
Inlining Issues on page 171.
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Programming for ANSI and Unicode

Abstract

This section refersto the default encoding used by an application. The default
encoding specifies the character encoding of strings and the APl versionsto call.

ANSI encoding means that the default character encoding is donein ANSI, and the
application links with the ANSI libraries. Note that this does not prevent the application
from using Unicode strings, only that the encoding needs to be specified and the
appropriate methods and APIs called. The same appliesto a Unicode application that
uses ANSI strings.

The following paragraphs will examine how Unicode and ANSI models are
implemented in Smalltalk MT and what you must consider before you plan to build a
Unicode application. Y ou may also refer to the Win32 documentation for general
information on character encoding issues and how they affect the Win32 API.

Implementation

With Smalltalk MT, you can build Unicode and ANSI versions from the same source
code. Smalltalk M T uses atechnique similar to the one used in the C API:

¢ Theconstant UNI CODE_ENABLED (in Snal | t al kConst ant s), if setto 1,
enables Unicode, otherwise enables ANSI.

¢ A cal toan API for which both Unicode and ANSI versions exist defaults to the
current encoding (example: Get CommandLi ne mapsto either
CGet CormmandLi neAor Get ConmrandLi neW.

¢ The C-parameter representation of strings defaults to the current encoding: if an
ANSI string is passed to an APl in the Unicode model, it isfirst converted to
Unicode and vice-versafor a Unicode string in an ANSI application.

397



Chapter 8 Advanced Programming

¢ The pool dictionaries that come with Smalltalk M T are specific to the character
encoding in use. For example, TVN_SEL CHANGED maps to -402
(TVN_SELCHANGEDA) in ANSI and -451 (TVN_SEL CHANGEDW in the Unicode
model.

When porting an application from ANSI to Unicode or vice-versa, you must ensure that
code that expects strings of a certain typeis still called with the correct type. You can
enforcethetypeviaasSt ri ngWor asSt ri ngAif necessary. For example, al OLE
functions require Unicode strings, while other functions and some compiler-related
code require ANSI strings.

If your application writes to files in text mode, you must aso decide whether the file
should contain wide characters or ANSI. Since FileStream writes the binary contents
of an object, you must ensure that the arguments to methods such asnext Put Al | :
are of the correct type.

Further Considerations

Updating Pool Dictionaries

Different constants may be defined for Unicode and ANSI. Y ou can use the method
transl at ePool : fromt o: in ByteCodeCompiler to convert apool dictionary.
The algorithm looks for constants that are also declared with a swand $A postfix, and
changes the value of the generic constant. For example, if Foo, FOoA and FooWare
defined, the value of Foo is changed to the one of FooWif Unicode is enabled,
otherwise to the value of FOOA.

The a gorithm works well with the Win32 include files that are already installed, but
may not be appropriate in al cases and may produce unexpected results.

Updating Imported Functions
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When you change the characteristics of an API for which both Unicode and ANSI
implementations exist, the modifications are propagated to both encoding forms. For
example, setting the return type of Cr eat eSermaphor e to Handle updates both

Cr eat eSenmaphor eAand Cr eat eSenaphor eW
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Some DL Ls define three implementations for different encoding; for example FooFunc,
FooFuncA, FooFuncW In most cases, the generic API defaults to the ANSI
encoding, and you should remove the generic version (FooFunc) from the list of
imported APIs, using for example:

Conpi | er api Renove: ' FooFunc'

Other Issues

Some structures are defined with Unicode and ANSI implementations. The
recommended Smalltalk implementation uses the value of the UNI CODE_ENABLED
constant to initialize the structure differently.

For example, the classinitialization method in W N32_FI ND_DATA reads as below:

sel f
addAccessor: #dwFil eAttributes size: 4;
addAccessor: #ftCreationTi nme size: 8;
addAccessor: #ftlLast AccessTine size: 8;

addAccessor: #ftLastWiteTine size: 8;
addAccessor: #nFil eSi zeH gh size: 4;
addAccessor: #nFil eSi zeLow size: 4,

addAccessor: #reserved size: 8.
UNI CODE_ENABLED == TRUE i f True: [
sel f
addAccessor: #cFil eName size: MAX_PATH * 2;
addAccessor: #cAlternateFil eNane size: 14 * 2.

i fFalse: [
sel f
addAccessor: #cFi |l eNanme size: MAX_PATH;
addAccessor: #cAl ternateFil eNane size: 14.

Monitoring String Conversions

Once you have your Unicode application running, you can view string conversionsin
an external debugger by checking the String A/W conversion debugging messagesin
the Debugging page of the Image Properties sheet. Thisis useful for detecting
unnecessary conversions that slow down the code. The figure below shows the
corresponding page of the Image Properties:
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Figure 8-2 Image Properties - Monitoring String Conversions

Imag= Froperie:

400



Object Serialization

Object Serialization

Abstract

Serialization is a process by which the binary contents of an object are stored to a
stream in such away that the binary format of the object can be reconstructed later. In
Smalltalk M T, the serialization medium is always a memory region, and the interfaceis
exposed via M appedObj ectStream, which is based upon a memory-mapped file. The
contents can then be saved to disk or any other physical medium.

Memory-mapped object files let you map very large amounts of objects into memory
without noticeable overhead. Under optimal conditions, the mapping operation is
instantaneous (the processis similar to the mapping of an executable file to the address
space of aprocess). Thisis the case when the same Smalltalk MT executable writes and
reloads afile.

When creating a memory-mapped file, you must specify a maximum size. Memory-
mapped files cannot grow (thisisalimitation of the current Win32 API), so the
allocated size should be sufficiently large to hold all elements, including a safe margin.

Serialization Architecture

The serialization library traverses aroot object and all references that lie within a
specified set of memory intervals, copying the contents to a target stream. Circular
references are detected, meaning that an object that is referenced twice is not
duplicated.

Serialization is generally used in conjunction with memory-mapped files. A memory-
mapped object file contains a serialized root object.

A mapped object file aways contains the following information:

¢ A magic number that identifies a Smalltalk MT memory-mapped file.
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¢ The preferred load address.

¢ A classdirectory that lists the class names and method dictionaries used within the
file.

The loader first examines the class directory and replaces all method dictionary
referencesin the file that do not match the current image. The preferred load addressis
the address at which the file maps without applying fixups, otherwise the loader
relocates al objectsin thefile.

When a memory-mapped file is saved the header and the class dictionary structures are
updated. The next timethe file is mapped by the same process, there will be no loading
overhead.

Example

To save an object:

| obj |
obj := Array with: Time getlLocal Time
with: Transcript getFont.
MappedObj ect St ream saveCbj ect: obj fileName: 'test.bin' size: 16r210000.

To re-map the object:

| mos obj szResult]|
mos : = MappedObj ect St r eam new.
obj := nos openFile: '"test.bin'.

szResult := obj printString.
" when done, close the file "
nos cl ose.

szResul t

Using Memory-mapped Objects
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To use memory-mapped object files, you use M appedObjectStream. The serialization
framework characterizes afile by a header structure. The header contains version
information, a GUI that identifies the file type, and a pointer to a class directory. The
header enables an application to determine whether a given file is appropriate without
depending on external attributes such as the name and extension.
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The object file header

The object file header of a memory-mapped object stream can be viewed with the
Mapped Object Stream inspector.

Figure 8-3 Object File Header
® D:vstimt1 M Ordor Databasc.bin -
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1ol abjocl ) 0000000
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“releriach appingtddres: (3750000
IRECA S T

The version field

The version field consists of two 32-bit integers that represent the version. The caller
uses this information to handle different versions. For example, an application can use
thisfield to convert objects between different versions.

ThellD
Mapped object files can use an 11D to identify the type of thefile. The 1D can be
generated with an OLE 11D generator.
The 1D provides away to uniquely identify afile type. Typically, an application reads
the file header and checks the 11D and version information to make sure it can process
the file. Thisis much better than relying on the file name extension to make
assumptions about the file type.

The Class Directory

The class directory identifies the object classes that are used in thefile. Y ou can view
the class directory of a memory-mapped object file by opening it in the MOS inspector.
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Opening and creating afile

Fle modes

404

Memory-mapped object files use the memory-mapped file interface to implement object
mapping. As the name suggests, objects that reside on disk are mapped into the address
space of the process and can be accessed like regular objects. The address spaceisalso
registered with the garbage collector, so it is possible to reference newly created objects
from memory-mapped objects (provided the file has been opened in read/write mode).

Table 8-4 M appedObjectStream Access M odes
Access Description
FILE_MAP_READ Thefileis opened in read-only mode. The file can be shared.
FILE MAP_WRITE The contents of the file can be modified, and the file region is

scanned by the garbage collector. The file cannot be shared.

FILE_ MAP_COPY Thisflag gives copy-on-write access and registers the mapped
region with the garbage collector. The file can be shared; other
processes see the original disk image. The contents cannot be
saved to the original file; instead, a new file must be created
and the mapped region copied to the new file.

There are two ways to open, modify and save afile. Either the application opens thefile
in write-through mode (FI LE_MAP_WRI TE) and simply serializes and closes it when
done, or it opensit in copy-on-write mode (FI LE_MAP_COPY) and creates anew file
when saving.

This does not necessarily entail a complete seriaization; it is sufficient to transfer the
binary contents after the serialization takes place, using a method such as

copyToFi | e: . The second method is more secure, since afailure does not destroy the
original file. However, some applications first make a copy of the document and work
on the copy, in these cases the first technique is more appropriate since it incurs less
overhead and the original stays untouched anyway.

Table 8-5 M appedObj ectStream Open Methods
Method Description
openFile:[size] Maps the file in copy-on-write mode and sharesit both for reading
and writing.
mapFile:size: Maps the file in exclusive read/write mode.
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Fle size

If the application intends to write to a memory-mapped file, it must allocate sufficient
space when it maps the file because the Win32 API does not yet support growing
memory-mapped files. The tradeoff is that too high a value wastes disk space, while
insufficient space ends with a protection violation when the file is updated. To open a
filein read-only mode, specify zero asthefile size.

Storing data

An application uses next Put Al | : to store aroot object. The method performs a
shallow copy of the object, the actua serialization is performed when thefileis saved.
There can only be one root abject in the file, and calling next Put Al | ;: more than
once overwrites any previously stored object.

Saving afile

Saving a memory-mapped object file entails traversing the stored objects, seriaizing
references that point into one of a specified set of memory intervals. The method
serializel nterval s: performsthe seriaization. The serialization either updates
an existing memory-mapped object file or creates a new one, based on a magic number
that is written at the beginning of the file and identifies a Smalltalk MT memory-
mapped object file.

The serialization interface consists of the following methods:

Table 8-6 M appedObj ectStream M essages

M essage Description

openFile:[size:access.shareM ode:] Opens and maps a memory-mapped file into the
address space of the current process.

seriadizelntervals: Serializes the current contents of the stream. The
parameter specifies an array of code intervalsto
serialize from.

nextPutAll: Inserts aroot object to the stream.
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Closing a file

Remarks

Before you close afile, there must be no references that point to alocation within the
file, except local variablesin a static context (a method context that does not use
context blocks). Otherwise, an exception may occur when the garbage collector triesto
access a memory location within the formerly mapped file.

For example, if m r oot Cbj ect andm fi | e areinstance variables that reference
respectively a memory-mapped object file and the root object within the file, use code
such as the fragment below to close thefile:

m rootChject := nil.
mfile close.
mfile := nil

Note that the last line is not mandatory but it is generally agood ideato nil out a closed
file stream.

An dternativeisto use the method unl oadAndd ose, which replaces al references
to objectsin the file with nil.

Closing a memory-mapped object file entails removing the address range from the
garbage collector’ s list of regions to scan, unmapping the view, closing the handle and
truncating thefile to its actual length.

Controlling the source intervals
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The default implementation serializes the following objects:
¢ Objects dlocated on the Smalltalk heap

¢ Objects stored in the data section (static objects such as those referenced by class
variables).

¢ Litera objectsthat are stored in the static code section.

By default, the method does not serialize:

¢ Global objects such as pseudo-variables (nil, true, false) and classes, meaning that
those references still point to the image.

¢ Litera objectsthat residein the dynamic code section, which is created by the
compiler during development.
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¢ Objectsthat are allocated on an external heap, another memory-mapped file, or
more generally memory intervals that do not belong to the default set of intervals.

The behavior can be changed, in particular you can specify
Conpi | er codel nt er val Ex

toinclude literal objects created during the current session, and
aMenor yMappedFi | e vi rtual AddressSpace

to include objects from another memory-mapped file.

Note Do not include the global data section, as this would create duplicates of pseudo-variables and / or classes, which is
hardly desirable. Store class names rather than classes and use G ass fronmName: to convert a class name to a
class.

Windows 98 specific issues

Windows 98 is slower when opening mapped files, and you may experience a delay
when closing a mapped file.
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Finalization and Weak References

Abstract

The purpose of finalization is to perform certain actions when an object is about to be
reclaimed. A weak reference is areference that isignored by the garbage collector.

Y ou can use finalization and weak arrays to free external system resources when an
object is reclaimed, freeing the consumer of such objects from de-all ocation tasks.

However, you should keep in mind that:
¢ Thereisno order in which objects are reclaimed.

¢ Thereisnot even a guarantee that an object isreclaimed at all because garbage
collection only runs when needed.

For example, finalization is not appropriate for device contexts and graphical objects.
There isno control over when a garbage collection occurs, so you may end up
mani pul ating a device context that belongs to a window which has been closed.

Weak Pointers

A weak pointer is areference to an object that isignored by the garbage collector.
Therefore, the referencee may be garbage collected if there are no other (strong)
referencesto it.

The pointer must be marked as invalid when the object it points to gets out of scope. To
that effect, aweak pointer object is registered as below:

Appl i cati onProcess>>weakAdd: makeWak:

This ensures that an invalid pointer is set to nil.
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A weak pointer object can be explicitly removed using:

Appl i cati onProcess>>weakRenove:

or implicitly when it gets de-referenced (Pr ocessor keepsitself aweak reference to
weak arrays).

Accessto aweak array must be synchronized with the garbage collector. The method:

Appl i cationProcess>>gcCritical Section

returns the critical section of the garbage collector, which must be used to access a
weak array safely. The critical section should wrap the access in order to prevent the
garbage collector from reclaiming the object being retrieved.

Finalization

In some cases, it is desirable to be notified when an object goes out of scope. The
framework for weak arrays can also support finalization of an arbitrary object. The
object is registered with:

Appl i cati onProcess>>weakAdd: makeWak:
but thistime the nakeWeak parameter is set to false. The memory scavenger calls the
method weakFi nal i ze, which must check viaweakTest whether the object is still
aive. If itisnot, it may perform its custom finalization. Otherwise, it must call
weakFi nal i ze inthe superclassto ensure that invalid pointers are set to nil (of
course, objects without instance variables do not have to call this method).

It isaso possible to keep the object alive by calling
Menor yManager >>mar kQbj ect : , passing the object as parameter.

Interfaces

Methods in Object

The table below lists the methods in Object that are used for finalization.
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Table 8-7 Finalization Methodsin Object
Method Description
weakTest Answerstrueif thereceiver is still referenced, false otherwise

weakFinalize

(meaning that it is about to be discarded).

The default implementation in Object finalizes the receiver,
replacing each invalid pointer with nil, and returns the number of
elements set to nil.

The message can be subclassed.

Methods in ApplicationProcess
The table below lists the methodsin ApplicationProcess that relate to finalization and

weak pointers.
Table 8-8 Finalization Methodsin ApplicationProcess
Method Description
gcCritical Section Answers the critical section of the garbage collector.
weakAdd:makeWeak: This method is used for two purposes:
if the mak eWeak parameter istrue, it makes the first parameter
aweak object and registersit.
if the makeWeak parameter isfalsg, it registers the first
parameter so that it gets notified viaweakFi nal i ze on each
cycle.
weakRemove: Use this method to un-register an object so that it becomes a
normal object.
Example

Class FinalizedObj ect demonstrates finalization.

When the object is created, it isregistered so that isreceivestheweakFi nal i ze
message on each garbage cycle.
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Create a finalized object.

| answer |

answer := super new.

Processor weakAdd: answer nmakeWeak: fal se.
~Nanswer

The method weakFi nal i ze isimplemented as below:

weakFi nal i ze

sel f weakTest ifFalse: [
" bei ng discarded:
i mpl enent your finalization here "
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Debugging and Diagnostic Messages

Debugging Messages

ApplicationProcess implements messages that print a string to an attached debugger.
Y ou can use DBMON. EXE from the SDK to view the messages.

See aso Debugging Issues on page 76 for how to use debugging settings and
ApplicationProcess on page 224 for the debugging protocol in ApplicationProcess.

Error Events

An application can also write an error event to the application log file, using
report Error Event : . The event is aso shown on the attached debugger, if
applicable. See also Error Handling on page 356.
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The Compiler Interface

Overview

Class ByteCodeCompiler exposes many methods for code browsing and manipulation.
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Variables
TLS Interface
Table 8-9 Compiler TLSInterface
Method Description
addTIsSymbol: Definesanew TLS variable.
removeTlsSymbol: Removesa TLSvariable
enumTLSVariables: Enumerates TLS variables.
Global Variables
Table 8-10 Compiler Global Variable Interface
Method Description
addGlobal Symbol: Defines anew global variable.
enumGlobal Variables: Enumerates global variables.
removeGlobal Symbol: Removes a global variable.
resetGlobal Variables Sets all public global variables
to nil.
Browsing
Table8-11 Sour ce Code Browsing I nterface
Method Description
iterateOn: with: Repeatedly evaluates a block with class and instance

methods of the current class and subclasses.

Categories
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Categories are represented by unique strings. This has two implications: first, changing
a category name automatically affects all methods that are under this category.
Secondly, only the category manipulation in Compiler should be used to make sure that
the category names remain unique.

Table 8-12 Compiler Category Interface

Method Description

addCatDescription: text: Adds a category and its description only if the category
does not already exist.

addCategory: Adds a new category or returns the unique category string
for a category.

browseReferencesToCategory: Opens a MethodExplorer on al methods that belong to a
given category.

defaultCategory Returns the default category (i.e., uncategorized).

purgeCategories Purges the set of categories by removing unused
categories.

referencesT oCategory: Answers a collection of method descriptors that use a
specified category.

renameCategory: to: Renames a category.

setCatDescription: to: Changes the description of an existing category.

Classes
Most of the class manipulation methods are private. Public methods can be found in
Behavior.
Table 8-13 Compiler Class Interface
Method Description
allSortedClasses Answers a sorted array of classesin the system.
Compiling
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Most of the class manipulation methods are private. Public methods can be found in

Behavior.
Table 8-14 Compiler Interface
Method Description
compile: [...] Compiles a string.
evauate: [...] Evaluates a string and returns the result.
load: [...] Loads a string (compilesit and updates the source code
without installing the executable code).
Table 8-15 Compiler Method I nterface
Method Description
removeMethod: in: Removes a method from a class.

Pool Dictionaries

Most of the class manipulation methods are private. Public methods can be found in
Behavior.
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Table 8-16 Compiler Pool Interface

Method

Description

poolAdd: value:
getPoolDictionaries
GetPoolDictionary:
translatePool: from: to:

Adds a new pool dictionary.
Answers all pool dictionaries.
Answers the pool dictionary at a specified pool name.

Translates a pool dictionary from ANSI to Unicode or
vice-versa

Files
Most of the class manipulation methods are private. Public methods can be found in
Behavior.
Table 8-17 Compiler File Interface
Method Description
fileln: Installs (files-in) a source file.
fileL oad: L oads (compiles without installing the executable code) a
source file.
savelmage: Saves the image. The parameter indicates whether the
image should be compressed.
Example

The code fragments below finds all methods in the image that belong to agiven
category and opens a M ethodExplorer on the result set. It isfunctionally equivalent to
using br owseRef er encesToCat egory: .
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| methods |
met hods : = OrderedCol | ection new.
Conpiler iterateOn: object with: [ :nd |
nd category = 'My Category' ifTrue: [
nmet hods add: nd
].

true

].
(Met hodExpl orer new open contents: nethods searchString:

418
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Performance and Coding Issues

Abstract

Smalltalk MT is built for performance and professiona development and has many
features that help you resolve your performance problems.

Most methods in the base image have been tuned for performance and reduced code
size.

Y ou must also keep in mind that generated runtime images are much smaller and may
sometimes be significantly faster than the Windows 98 devel opment image.

Real-time Applications

Real-time applications require a guaranteed response time. The most important
parameter in achieving real-time response times is the thread priority. A real-time
capable application often has one or more high-priority threads that wait on input events
and process these events quickly. The single most important factor isthe latency; thisis
the time it takes a thread to wake up and actually start processing.

The latency is determined by the operating system and the garbage collection activity. A
thread that is being garbage collected cannot respond to an event until the collection
cyclefinishes. Therefore, the factors to watch are object allocations and garbage
collector scheduling. Tips on how to avoid memory allocations are provided in the next
section.

Garbage collector thread priority

The garbage collector runs mainly when aobject allocations occur. If the system does not
consume much memory, the garbage collector isidle and does not use any processor
time. Raising the garbage collector's priority ensures that higher priority threadsin the
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system do not starve the collector thread. The handle to the garbage collector thread is
in the instance variable m_hGCin ApplicationProcess.

Forcing garbage collection cycles

An application can ensure that collection cycles do not interfere with critical actions by
manually forcing a GC cycle at appropriate intervals. This ensuresthat, at a given point,
all unreferenced memory has been recycled.

Starting and stopping the garbage collector

A thread can start and stop the garbage thread by sending respectively gcSt art and
gc St op to Processor. The thread must not allocate any objects from the Smalltalk heap
while the garbage collector is stopped, otherwise a deadlock could occur. These
methods are used to prevent other threads from interfering with the current thread, e.g.,
a secondary thread forcing a GC cycle that disrupts the execution of acritical thread.

Operating system and hardware issues

Summary
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The garbage collector uses handcrafted assembler code that is able to scan tens of
megabytes of memory without noticeable interruptions. For example, the standard
Windows 98 image maps the whole source file into memory, therefore scanning 16 MB
of source data, notwithstanding allocated memory and static data. A final executable
image generally only scans a couple of hundred kilobytes.

In Windows NT EXE mode, the image uses exception handling to track dirty pages.
This often reduces the data to scan dramatically.

A thread that creates lots of garbage is frequently obliged to wait for the garbage
collector to complete. Because the user and GC threads may only use afraction of their
alocated time dice, the time it takes the operating system to schedul e threads becomes
an important factor. This accountsin part for the performance differencein
computation-intensive tasks between Windows 98 and Windows NT.

The best operating system - hardware combination for real-time applicationsis
Windows NT on a multiprocessor machine. An application that does not have heavy
memory requirements such as those required by aloop creating alarge number of
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objects generally performs smoothly. Time-critical code that does not perform
alocations can be insulated from other threads by stopping and restarting the garbage
collector.

Steps
Thefirst step isto identify the performance sensitive areas. If you do not have
performance problems, there is no need to waste time optimizing your code. Y ou may
just introduce some bugs while doing so.
In most cases, the origin of a performance problem is an inadequate algorithm. The next
candidate isinefficient coding, for example evaluating a constant expression repeatedly
inaloop.
Once you have eliminated the causes above and still think your code does not run as
fast asit should, examine the following points:
¢ memory consumption
¢ using low-level methods

Trim the Fat!

After they have passed the initial prototyping stage, most applications are |loaded with
unnecessary code. Y ou can use the Class Hierarchy Browser to list methods that are
never called (this code is not included in the final executable anyway, but removing it
will reduce the maintenance effort).

Another point to consider is how you use instance variables, via accessor methods or
directly. While the coding issue is somewhat controversial (but we leave this up to you),
the performance issueis not. In Smalltalk MT, adirect variable accessis donein one or
two native machine instructions (which is as fast as you can get), while a method call
involves at least a dozen machine cycles.

Reducing Memory Allocations

Most performance problemsin Smalltalk are related to memory management. Thisis
because the garbage collector must scan large amounts of memory during each cycle,
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and the more allocations are being done, the more it cycles. Severa techniques reduce
memory consumption:

¢ Allocate objects once and reuse them. For example, you can keep them referenced
by an instance variable.

¢ Look for blocks that are evaluated repeatedly. Each non-static block is allocated on
the Smalltalk heap.

¢ If amethod creates and returns a new object, consider passing an argument to the
method in which the information is stored. For example, if amethod returnsa
rectangle, you can rewrite it so that it takes a rectangle as argument and updates it.
Thisallows you to call that method in aloop without incurring a garbage collection
penalty.

¢ Uselocally allocated byte abjects. The pseudo-messages| ocal Newand
| ocal New, create an object on the stack. However, be sure you do not reference
local objects by non-temporary objects and contexts.

Optimizing block contexts

422

Smalltalk M T distinguishes between three types of blocks:
¢ Context blocks require a home context, which is allocated on the Smalltalk heap.
¢ Static blocks are pre-allocated and do not use the context of the defining method.

¢ Pseudo-blocks areinlined (for example, i f True: ,ifTrue:ifFalse: andto: do: ).

Y ou can turn a context block into a static block by providing the information it needsin
additional arguments. The advantage of static blocksisthat they do not require memory
allocations.

For example, consider the block below:
| a|

;sbﬁéthing do: [ :i | i +al.

The block is non-static because it uses the variable a. If you are unsure, highlight the
block and select Display. A static block will print itself, otherwise you have a syntax
error due to an undefined variable.

If you replace the code above with:
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Inlining

| a|

sonmething inject: [ :value :i : | i + value. value ] with: a

the block is static and the method's context is alocated on the stack. If you highlight the
block and evaluateit, it shows ast ati cBl ock.

Codeinlining is an option that avoids blocks atogether. The compiler automatically
inlines a certain number of messages (i f Tr ue, i f Fal se, whi | eTr ue,

whi | eFal se, and, or) when the parameter is aliteral block. The code that gets
generated is similar to the one generated by a C or Pascal compiler. Loops (t o: do: )
are aso inlined and an exception is generated when the parameters are not integers. In
the case of at 0: by: do: loop, the code isonly inlined when the increment is aliteral
integer (and the block must also be literal).

Usingt o: do: typeloopsismost useful when iterating over sequenceable collections.
For example, given the code below:

anArray do: [ :e | ... ]

Theinlined counterpart looks like:
1 to: anArray size do: [ :i | (anArray at: i) ... ].

The code generated by the compiler resembles the following pseudo-code:
| i sl
s := anArray size.
=1
I[ i <= s ] wileTrue: [
(anArray at: i) ...
=0+ 1
1.
The expression whi | eTr ue: generates a comparison and a branch. The benefit of this
codeisthat it avoids a context allocation and provides better locality of reference than

block (context or static) based code.

If the receiver isknown to be an Array, you can also use:

anArray basicDo: [ :i :element |... ].

The line generatesinline code that directly accesses each element of a pointer object.
The loop does nothing if anAr r ay has no elements.
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cHAPTER 9 I nline Assembler

This chapter presents the built-in inline assembler. Since Smalltalk MT is natively
compiled, assembler statements fold naturally into the environment. Even if you do not
intend to code assembler routines, you can read this chapter to gain better insight into
the architecture.

The chapter concludes with an example that implements a proxy.
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Introduction
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The Smalltalk MT inline assembler lets you inline assembler expressions, or even
implement whole methods in assembler. This gives devel opers the opportunity to fine-
tune time-critical code sections and implement low-level operationsin assembler.

The generated code integrates seamlessly into the Smalltalk environment. Y ou can use
assembler to implement low-level functions such as for example bit shifts, or to
improve the speed of a particular method. For example, implementing the message

_doesNot Under st and requires assembler coding.

In order to reduce the size of the compiler, the inline assembler uses a hand-coded
parser with limited syntax and error checking. The syntax follows closely the Intel
reference books.



Syntax

Syntax

Aninline assembler statement starts with the keyword _asm{ and continues until the
closing parenthesis. To Smalltalk, the assembler block is an expression, so you can for
example code:

| stack_pointer |
stack_pointer := (_asm{ nov EAX, ESP }) basi cAddress.

The expression assigns the current value of the stack pointer to st ack_poi nt er. The

pseudo-message basi cAddr ess performsthe integer trandation into a Smalltalk
integer instance.

Machine Instructions

All operands must be in lower case (add, nov, ...), while registers can be in uppercase
(EAX, EBX, ...) or lowercase (eax, ebx, ...).

Addressing Modes

The assembler supports al addressing modes.
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Table9-1 Addressing Modes
Syntax Example
[REG] mov EAX, [EBX]
[REG+offset] mov EAX, [EBX+4]
[ESP+1* NIL+offset] Replaces [ESP+offset], which is not supported in this form by
the processor.
[REG1+index*REG2+offset]  mov EAX, [EBX+4*ECX-4]
[mem] mov EAX, [16r410000]

¢ oOffsetisa 32 bit signed integer.
¢ indexisoneof thevauesl, 2, 4, 8
¢ REG REGL, REQ areregisters: EAX, EBX, ECX, EDX, ESI , EDI , EBP, ESP

Immediate Values

428

In addition to integers, you can use hexadecimal numbersin Smalltalk notation
(16r xxx) aswell as symbols.

Example:
nmov EAX, 16r 1000

nov EBX, #size
It isaso possible to use constants defined in one of the following pool dictionaries:
_St1 mageConst ant s
_Stlnternal Constants
Excepti onConst ant s
Smal | t al kConst ant s

The offset part of an indirect addressing mode can also be a pool constant.

Example:
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nmov EBX, ST_EXCEPTI ON_ABCRT
nov EBX, [ EAX+OFFSET_BEHAVI OR_SUPERCLASS]

Local Labels

A local label is defined on a separate line, and must be terminated with $..

Example:

nyl abel :
dec ECX
j ne nyl abel :

Global Labels

Assembler code can reference all global Smalltalk objects, plus specific global routines.
Global assembler labels are prefixed with $, and not terminated with $..

Example:

mov EAX, [Processor]
mov EBX, bj ect
call $_isKindO

Table9-2 Addressing Smalltak Globals

Syntax Example

Global Variable mov EAX, [Processor]
Class mov EAX, Qbj ect

Notable Syntax Exceptions

Certain Intel x86 instructions require a particular coding that does not follow the
genera rule. Because the inline assembler is mostly table driven, it does not recognize
aternate syntactical equivalents and generates either the wrong code or fails. If in
doubt, refer to the microprocessor manual.

Table9-3 Syntactical Exceptions

Expression Correct Encoding
[ESP+offset] [ ESP+1* NI L+of f set ]
int3 int3
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Assembler and Smalltalk Methods

Calling Convention

Smalltalk MT internally uses a subset of the WINAPI calling convention. The receiver
object is always expected in EAX, areturn value is also in EAX. The method must
preserve EDI and can change any other register (this is where the calling conventions
differ).

Using inline assembler statements

There are two possible uses of the _asm directive:

¢ If the assembler statement is the first statement of a method, the compiler does not
generate a context and you are responsible for returning from the method. Thisis
useful for implementing an entire method, but does still allow you to append
Smalltalk code.

¢ Otherwise, the compiler generates a context and returns from the method.
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Example:

Lar gel nt eger >>| obyt e

Answers the | oworder byte of the receiver.
Ret urn Val ue:
An | nteger.

_asm{
mov EAX, [ EAX]
and EAX, 16rFF
| ea EAX, [EAX+1*EAX+1]
ret

}

Table9-4 Register Usage
Register Contents
EAX Receiver or result of expression
EBX, ECX, EDX, ESI General purpose
EDI Must be restored after use
EBP Base Pointer
ESP Stack Pointer

Object Types

There are two fundamental object typesin Smalltalk MT: Smalllnteger instances and
others. A Smalllnteger isacompact representation of an integer that is obtained by
shifting the value left and adding 1. That way, it can be distinguished from an object by
testing the first bit (object structures are always aligned on either 32 or 64 bit
boundaries).

Extracting a 32 bit value from an integer

The 32-bit value is therefore obtained by testing the first bit, and if it is set to 1, shifting
right by one position, otherwise the value is encoded in a L argel nteger or LONG. The
C macro below performs such a conversion:

#define MAKE_STDWORD(a) ( a & 1 ? a >> 1 : *(*ULONG a )
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Converting a 32 bit value to an integer

The opposite is a bit more complicated because a L ar gel nteger must first be allocated
if the result overflows. Code that performs this conversion typically looks as follows:

add EAX, EAX

j o makelLargelnt:

or EAX, 1
makelar gel nt:

call $_overflow

Theroutine$_over f | owisused to convert an already shifted value to a
L ar gel nteger, and takes care of sign extending the result.
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Public Assembler Routines

The assembler library is part of the runtime environment of Smalltalk MT.

_performintSelector

Performs a selector (in EBX) on the receiver (in EAX). Thereceiver must be a

Smalllnteger.

Input
Register Description
EAX. Receiver object (a Smalllnteger)
EBX Selector (symbol id)

_performSelector

Performs a given selector on an object.

Input
Register Description
EAX Receiver object (not a Smalllnteger)
EBX Symbol id
Output
Register Description
EAX Result of evaluating the message
Example:
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mov EAX, Array
nmov EBX, #new
call $_perfornSel ector

_performUSelector

Performs a given selector on an arbitrary receiver.

Input

Register Description

EAX Receiver object (accepts also

Smalllnteger)

EBX Symbol id

Output

Register Description

EAX Result of evaluating the message
_stalloc

Allocates an empty object. The routine always returns avalid object or raises an exception.

Input

Register Description

EAX Size in bytes (including the header).
Output

Register Description

EAX New (empty) object

The routine allocates a block of memory. Thesizeisin EAX, the result isreturned in
EAX aswell. The return value points to the net data, which is preceded by an 8-byte
header. The caller isresponsible for setting the method dictionary. The method
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dictionary is awaysin the first instance variable of the class, so the following code
alocates an 8-byte ByteArray:

Example:

mov EAX, 16

call $_stalloc

nov EBX, [ByteArray]

nov [ EAX- SI ZE_OF_HEADER], EBX

Note An allocation either succeeds or raises an exception, so there is no need to check for an error condition.

_isKindOf

Testsif the abject in EAX iskind of agiven class, passed in EBX.

Input

Register Description

EAX Receiver (no Smalllnteger).

EBX Classto test against.

Output

Register Description

EAX A Boolean (true or false)
_overflow

If an overflow occurs when converting a 32-bit value in EAX to a Smalllnteger, thisroutine
convertsthe result to a L ar gel nteger instance.
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Input

Register Description

EAX overflowed small integer
Output

Register Description

EAX aLargelnteger instance

Theroutineistypically used as follows:

. EAX contains a 32-bit value to be converted
add EAX, EAX
jo ov:
or EAX, 1

proceed:

ov:
call $_overflow
j mp proceed:
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Example: Implementing a Proxy

When the selector lookup routine fails to find an entry, it sends the message

#_ doesNot Under st and to the receiver. The default implementation of this method
in Object buildsa#doesNot Under st and: message and sendsit to the receiver.
Thisis rather time-consuming, because the routine must first allocate a M essage object
and fill in the parameters. The method below implements a proxy (Proxy is a subclass
of nil that sends all messages to atarget object, which isin itsfirst instance variable).

_doesNot Under st and

Send the nessage to mtarget or #fault if the target is nil.

_asn{
mov ESI, EAX
mov EAX, [EAX] ; load mtarget
mov EBX, EDX ;  EBX=unknown sel ect or
cmp EAX, nil
jne $_perforntel ector; performif not nil
push EBX ; save unknown sel ector
mov EAX, ESI ; reload proxy

mov EBX, #fault

call $_perforntelector ; perform #fault
pop EBX ; restore unknown sel ector
jmp $_perfornBel ect or

The code dispatches the message in just five machine instructions (not counting the
initial unsuccessful message lookup).
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Pseudo Messages in Object

The messages listed below are compiled inline, without validation of the arguments. An
incorrect use may result in corruptions. Pointer object messages can only be used with
pointer objects, while byte object messages are only meaningful with byte objects.

Table0-1 Object Testing
Method Description
== Answers trueif the receiver and the argument are
identical.
~~ Answers trueif the receiver and the argument are not
identical.
isNil Answerstrueif the receiver is (identical to) nil.
notNil Answers trueif the receiver is not (identical to) nil.
isSmallInteger Answer whether the receiver isa small integer.
_isKindOf: Answer trueif the receiver inherits from the argument (a
Class).
isMemberOf: Answer trueif the receiver is an instance of the argument
(aClass).
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Appendix
Table 0-2 Object Accessing
Method Description
basicAddress Answer the address at which the object is stored.
_class Answer the class of the receiver. The receiver must be a
true object (not a Smalllnteger).
_size Answer the number of 32 bit words in the receiver.
_sizelnBytes Answer the number of bytesin the receiver.
Table0-3 Miscellaneous M essages
Method Description
case:{ perform:} [default] Tests against constants, performs the block for which the
test was successful, or an optional default block.
Table0-4 Pointer Access Messages
Method Description
_at: Answer the instance variable at an index.
_at:put: Set the instance variable at an index.
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Table0-5 Binary Access M essages

Method Description

_byteAt: Answer the byte at a one-based index.

_byteAt:put: Set the byte at a one-based index.

_doubleAtOffset: Answer the double-precision float at a zero-based offset.
_doubleAtOffset:put: Set the double-precision float at a zero-based offset.
_floatAtOffset: Answer the single-precision float at a zero-based offset.
_floatAtOffset:put: Set the single-precision float at a zero-based offset.
_longAt: Answer the signed long at a one-based index.
_longAt:put: Set the signed long at a one-based index.
_longAtOffset: Answer the signed long at a zero-based offset.
_longAtOffset:put: Set the signed long at a zero-based offset.
_long64AtOffset: Answer the signed 64-bit integer at a zero-based offset.
_long64AtOffset:put: Set the signed 64-bit integer at a zero-based offset.
_wordAtOffset: Answer the signed word at a zero-based offset.
_wordAtOffset:put: Set the signed word at a zero-based offset.

Pseudo Messages in MemoryManager class

Table 0-6 Address Manipulations

Method Description

byteAtAddress: Answer the byte at a specified memory address.
wordAtAddress: Answer the 16-bit word at a specified memory address.
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Pseudo Messages

Function and Method Calls
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atAddress:
atAddress:put:
atAddress.add:
atAddress:sub:
atAddress:bitXor:
atAddress:bitOr:

atAddress:bitAnd:
atAddress.addByte:

atAddress:putByte:
atAddress.putWord:
atAddress.addL ong:

atAddress;subL ong:

atAddress:putUnsigned:

Answer the signed long at a specified memory.

Set the signed long at a specified memory address.
Add asigned long at a specified memory address.
Substract a signed long at a specified memory address.
Performs an XOR at a specified memory address.
Performs an OR at a specified memory address.

Performs an AND at a specified memory address.
Add abyte at a specified byte memory address.

Set the byte at a specified memory address.
Set the word at a specified memory address.

Add asigned integer to the 32 bit contents at an addressin
memory.

Substract a signed integer from the 32 bit contents at an
address in memory.

Set the 32 bit contents at an address in memory to an
unsigned integer.

These messages alow you to call a Smalltalk method, an external function, or send a
message to an object. Because the messages are inlined (except for
cal | : wi t hArgunent s: ), performanceis optimal.
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Table0-7 MemoryManager class M essages

Method Description

cal: [receiver:] {with:jwithnn:}  Call amethod given its address. Wi t h: precedesa
normal parameter, W t hnn: defines amulti-byte

parameter passed by value.
call:withArguments: Call the routine at an address with the arguments given in
an Array.
callAPI: {with:} Cdl an gxternal function using the WINAPI calling
convention.
stdcallAPI: Call an external function using the C calling convention.
Table0-8 Object Messages
Method Description
_perform: {with:} Performs a selector symbol with zero or more arguments.
__perform: Performs a selector, identified by its symbol id, with zero

or more arguments.

Type Conversion Messages

Type conversion messages convert an entity between two known types. Type
conversion messages are used when both the receiver entity and the expected result are
known in advance.
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Table 0-9 Type Conversion M essages
Method Description
_asShort Specifiesthat araw 32 bit valueis a short integer. The

receiver isusualy the result of an API call.
The message is an optional optimization.

_asInteger Specifiesthat the receiver isa Smalll nteger instance.
This message is often used to simplify the conversion of a
Smalllnteger to araw 32-bit value used in afunction call.

The message is an optional optimization.

_asObject Converts an address to an object. The receiver must be a
raw 32-bit value specifying the address of an object.

This message optimizes
hj ect >>_fromAddr ess: .

_makeObject Specifies that the receiver is the address of an object. The
receiver must be an I nteger instance.

This message optimizes
hj ect >>_fromAddress: .

Iteration Messages

Inline iteration messages iterate over a pointer object, an OrderedCollection or a
MappingTable. If the receiver is not of the expected type, an error israised (full
optimization suppresses the assertion). Because the iteration isinlined, these constructs
can be substantially faster than atraditional block iteration.
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Table0-10 Iteration Messages

Method

Description

basicDo: [ :i:e]...]

_do:[:e]..]

_keysvaluesDo: [ :key :vaue]| ...

Evaluates the specified block for each element of the
receiver. The first parameter is the one-based index of the
element, the second the element. This message works with
all pointer objects, not just arrays.

Evaluates the specified block for each element of the
receiver. The receiver must be an OrderedCollection.

Evaluates the specified block for each key - value pair of
the receiver. The receiver must be a MappingTable.
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A

Abnormal termination
In exception handling, the condition that occurs when a program leaves the try block of atry-finally
statement with areturn statement.

Abstract class
A class whose purposeis to provide common functionality to concrete subclasses. An abstract classis not
meant to be instantiated and usually raises an error when receiving the message new. For example,
Collection is an abstract class.

Accelerator
An accelerator key is a sequence of keystrokes that invoke a particular command in an application
window. See also Accelerator table.

Accelerator table
A data structure (usually aresource) that contains alist of accelerator keys and the command identifiers
associated with them.

ActiveX
A set of technologies that enable software components to interoperate in a networked environment. The
ActiveX technologies are enhancements to OLE, Microsoft's component software technology. ActiveX
Controls are small, efficient modul es that implement specific, specialized functions.

Ambient property
OLE: A run-time property that is managed and exposed by the container. Typically, an ambient property
represents a characteristic of aform, such as a background color, that needs to be communicated to a
control so that the control can assume the look and feel of its surrounding environment.

ANSI character set
An 8-hit character set that contains the 7-bit ASCII standard character set aswell as currency and
mathematical symbols, accented characters, and other characters not normally found on the keyboard.

ANSI string
A string composed of characters from the ANSI character set. See also String.

Apartment thread
A thread used to execute calls to objects of components configured for apartment-model threading. Each
object "livesin an apartment” (thread) for the life of the object. All callsto that object execute on the
apartment thread. This threading model is used, for example, for component implementations that keep
the object state in thread-local storage (TLS). A component's objects can be distributed over one or more
apartments.

API (Application Programming I nterface)
A set of standard functions exposed by Windows or third party dynamic link libraries. Typically, APIs
are used to carry out low level tasks.

Application
A unit of software that performs a distinct task. An application is composed of a set of collaborating
classes that provide the functionality.
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Typicaly, an application encapsul ates the initialization, running, and termination of a Windows-based
application.

Argument
An object made accessible to the receiver of a message.

Array
A collection of objects that can be accessed from one to the size of the collection.

Assignment
A statement that assigns avalueto avariable. An assignment statement is usually composed of a
destination variable, the assignment operator (=), and an expression to be assigned.

Asynchronous call
A call to afunction that is executed separately so that the caller can continue processing instructions
without waiting for the function to return. Contrast with Synchronous call.

Automation
A way to manipulate an application’s objects from outside the application. Automation istypically used
to create applications that expose objects to programming tools and macro languages, create and
manipul ate one application's objects from another applications, or to create tools for accessing and
manipulating objects.

B

Background color

The color of the client area of an empty window or display screen, on which all drawing and color
display take place.

Behavior

Usually refersto the set of messages to which an object can respond. Occasionally refers to the internal
data and methods an object usesto carry out its external behavior.
Smalltalk: the class used to represent behavior.

Binary message
A message with a single argument whose selector is not a keyword. For example, arithmetic messages,
suchas1l + 2, arebinary messages.

Block
A set of deferred expressions delimited by square brackets. Blocks are evaluated when they receive the
message val ue.

Boolean

A binary algebrathat usesthe logical operators AND, OR, XOR, and NOT, and whose outcomes consist
of logical values (either TRUE or FALSE). The keyword boolean indicates that the expression or
constant expression associated with the identifier takes the value TRUE or FAL SE. See also conditional
expression.

Smalltalk: boolean values are represented by the objects true and false, respectively the sole instances of
the classes True and False.
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Breakpoint
A location in a program where execution is stopped to allow the devel oper to examine the program's
code, variables, register values and, as necessary, to make changes, continue execution, or terminate
execution.
Smalltalk: debugger-level breakpointsaresel f hal t , which stops the current thread and opens a
debugger, and sel f st op, which raises a continuable exception. The low-level breakpoint sel f
__br eak can be used to open an external COFF debugger.

Browser
A graphical tool that allows you to visually inspect and edit source code and objects.

Build
The process of compiling and linking source code to generate an executable program or dynamic link
library.

Byte

A unit of information consisting of 8 hits. A byte, or "binary term," is the smallest collection of bits that
can be accessed directly.

Byte order mark (BOM)
The Unicode character U+FEFF—or its non-character mirror-image, U+FFFE—used to indicate the byte
order, or its non-character mirror image, of atext stream. The presence of aBOM isastrong clue that a
fileis encoded in Unicode.

Bytecode
Machine-independent code generated by the Java compiler and executed by the Javainterpreter or
compiled at the last minute by aJIT compiler.

C

C calling convention
The C standard for calling a function. Arguments are pushed onto the stack from right to left (in reverse
order from the way they appear in the argument list). After the function returns, the calling function
removes the arguments from the stack. The C calling convention permits a variable number of arguments
to be passed.

Call stack
An ordered list of methods that have been called but have not returned.

Callback
A Smalltalk method that can be called (directly or indirectly) from a procedure outside of Smalltalk, such
asaWindows API. For example, Windows messages are callbacks because they are executed in response
to GUI events. See also exported method.

Caller
A client that invokes a method of an object.

Calling convention
A convention that determines the order in which arguments passed to functions are pushed on the stack
(the calling sequence) and whether the calling or called function removes the arguments from the stack.
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Cascaded message
Cascaded messages are a series of messages to the same receiver. Cascaded messages are separated by
semicolons. A period indicates the end of the cascaded message group.

Changelog
A file (CHANGES. SL) that maintains a continuous record of source code changes, project installations,
image save timestamp messages, and evaluations.

Character
A member of the alphabet, a number, a punctuation mark, or any other mark used in awriting system.

Child window
A window that hasthe WS _CHILD or WS _CHILDWINDOW style and is confined to the client area of
its parent window, which initiates and defines the child window. Typically, an application uses child
windows to divide the client area of a parent window into functional areas.

Class
An object that defines the interface of a particular kind of object. A class definition defines instance
variables and methods, class variables and methods, and specifies the immediate superclass. The class
specifies external behavior aswell asinternal knowledge and methods.

Classfactory
OLE: A COM object that implements the | ClassFactory interface and that creates one or more instances
of an object identified by a given classidentifier(CLSID). See also classidentifier.

Class hierarchy
A collection of classes that share a common ancestor. The descendants of a class are its subclasses. The
immediate ancestor of a classis its superclass.

Classidentifier (CLSID)
OLE: A globally unique identifier (GUID) associated with an OLE class object. If a class object will be
used to create more than one instance of an object, the associated server application should register its
CLSID in the system registry so that clients can locate and |oad the executable code associated with the
object(s). Every OLE server or container that allows linking to its embedded objects must register a
CLSID for each supported object definition.

Classinstance variable
A variable defined to be part of a class. Subclasses inherit the name of the variable, but not its value.

Class method
A method invoked by sending a message to a class, rather than an instance of a class.

Classvariable
A single variable whose name and value are shared by a class and its subclasses, as well as the instances
of the class and subclasses.

Client area
Or client rectangle. The portion of awindow where the application displays output such as text or

graphics.
Client coordinates
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An ordered pair (x,y) of numbers, relative to the origin (usually the upper-left corner of awindow's client
area), that designates a point in the client area.

Clipboard
An area of storage, or buffer, where data objects or their references are placed when a user carries out a
cut or copy operation.

COFF
A format for executable and object files that is portable across platforms. The Microsoft implementation
of COFF is derived from the UNIX specification for COFF, but includes additional headers for
compatibility with MS-DOS and 16-bit Windows. This Microsoft version is sometimes called the
"portabl e executable (PE) file format.”

COFF Symbal
The COFF debug section contains the debugging information of an executable image. The debug section
contains the COFF Symbol Table, which defines a symbol or name and its location in the image.

COM (Component Object Model)
An open architecture for cross-platform development of client/server applications based on object-
oriented technology. Clients have access to an object through interfaces implemented on the object. COM
islanguage neutral, so any language that produces ActiveX components can also produce COM
applications.

Command identifier (1D)
An identifier that associates a command message with the user-interface object (such as a menu item,
toolbar button, or accelerator key) that generated the command. Typically, command IDs are named for
the functionality of the user-interface object they are assigned to. For example, a Clear All itemin the
Edit menu might be assigned an ID such asID_EDIT_CLEAR_ALL.

Command line
A string of text typed at the command prompt, or executed from a command file, that specifies atask or
tasks for the operating system or an application to perform.

Common dialogs
Standard dialog boxes defined by Windows—such as Open, Save As, Print, and Find—that applications
can use.

Compiler
A program that translates source code into directly executable machine code.

Component
An object that encapsul ates both data and code, and provides a well-specified set of publicly available
services.

Component Object Model (COM)
OLE: The OLE object-oriented programming model that defines how objects interact within asingle
process or between processes. In COM, clients have access to an object through interfaces implemented
on the object.

Concreteclass
A class that provides a concrete implementation and that can have instances.
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Conditional expression
An expression that yields a Boolean value (true or false). Such expressions can involve comparisons,
using relational operators such as the less-than (<) and greater-than (>) operators, and logical
combination of Boolean expressions, using Boolean operators such as bitwise AND (&) and logical OR

-

Console
An interface that provides input and output to character-mode applications.
The Windows subsystem that runs character-based applications, as opposed to applications that have a
graphical user interface (GUI).

Console application
A character-mode application that uses a console window for itsinput and output. If necessary, the
operating system will create a new console window, which exists until the application terminates.

Control
Windows: A child window an application uses in conjunction with another window to perform simple
input and output (1/0) tasks. Controls are most often used within dialog boxes, but they can also be used
in other windows.
OLE: An embeddable, reusable COM object that supports, at a minimum, the |0leControl interface.
Controls are typically associated with the user interface. They also support communication with a
container and can be reused by multiple clients.

Control container
OLE: An application that supports embedding of controls.

Control identifier (ID)
A 16-hit value that an application uses to uniquely identify achild control. ThisID isused in notification
messages to the parent window when events, such asinput from the user, occur in the control.

Control property
OLE: A run-time property that is exposed and managed by the control itself. For example, the font and
text size used by the control are control properties.

Critical section
A segment of code which is not reentrant; that is, it does not support concurrent access by multiple
threads. Often, a critical section is used to protect shared resources.

Control structure
A language construct that controls the flow of processing such as |ooping and branching. Control
structures are implemented in Smalltalk using messages with blocks as arguments or receivers.

D

DDE
A form of interprocess communications that uses shared memory to exchange data between applications.
DDE can be used for one-time data transfers and for ongoing exchanges by applications that send updates
to one another as new data becomes available.

Deadlock
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A situation in which two or more threads are permanently blocked (waiting), with each thread waiting for
aresource exclusively held by one of the other threads that is blocked.

Debugger
A program designed to help find errors in another program by allowing the programmer to step through
the program, examine data, and check conditions.

Decor ated name
A string generated by a C++ compiler that contains an undecorated (literal) name followed by a string of
characters that the compiler and linker use to retain type information.

Default window procedure
A system-defined function that defines certain fundamental behavior shared by all windows. A default
window procedure provides default processing for nonclient—area messages, system commands, system
keystrokes, and other messages that the application-defined window procedure does not specifically
handle.

Device context
A data structure defining the graphic objects, their associated attributes, and the graphic modes affecting
output on a device.

Dialog box
In Windows, awindow used to retrieve user input. A dialog box usually contains one or more controls,
such as buttons, list boxes, combo boxes, and edit boxes, with which the user enters text, chooses options,
or directs the action of the command.

Dialog template
A template used by Windows to create a dialog window and display it. The template specifies the
characteristics of the dialog box, including its overall size, initial location, and style, and the types and
positions of its controls. A dialog template can be stored as a resource or directly in memory.

Dialog unit
A unit of horizontal or vertical distance within adialog box. A horizontal DLU is the average width of
the current dialog-box font divided by 4. A vertical DLU isthe average height of the current dialog-box
font divided by 8. Dialog units allow a font-independent layout of dialog boxes.

Dictionary
An object that contains associations between keys and values.

Dispatch interface
OLE: the external programming interface of some grouping of functionality exposed by the automation
server. See also Dual interface.

Distributed COM (DCOM)
DCOM is an abject protocol that enables ActiveX components to communicate directly with each other
across a network. DCOM is language neutral, so any language that produces ActiveX components can
also produce DCOM applications.

DLL
See Dynamic-link library file.

Do-it
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Evaluates the current selection in the active text pane as a Smalltalk expression. See also Show-it.

Drag and drop
An operation in which the end user uses the mouse or other pointing device to move data to another
location in the same window or another window.

Dual interface
An interface that derives from I Dispatch and supports both late-binding via | Dispatch and early-binding
(VTBL binding) via direct COM methods for each of its automation methods.

Dynamic-link library file (DLL)
A file that contains one or more functions that are compiled, linked, and stored separately from the
processes that use them. In Win32, the operating system maps the dynamic-link libraries (DLLS) into the
address space of a process when the processis starting up or while it is running. The process then
executes functionsin the DLL. Dynamic-link library files usually have a. DLL filename extension.

E

Encapsulation
In object-oriented programming, the process of hiding the internal workings of a class to support or
enforce abstraction. A classsinterface, which is public, describes what a class can do, while the
implementation, which is private or protected, describes how it works.

Entry point
A starting address for a function or method, executable file, or dynamic-link library.

Event
An action or occurrence, often generated by the user, to which a program might respond. Typical events
include keystrokes, mouse movements, and button clicks.

Event object
A synchronization object that allows one thread to notify another that an event has occurred. Event
objects are useful when a thread needs to know when to perform its task. For example, athread that
copies data to a data archive would need to be notified when new datais available. By using an event
object to notify the copy thread when new datais available, the thread can perform its task as soon as
possible.

Exception
An abnormal condition or error that occurs during the execution of a program and that requires the
execution of software outside the normal flow of control. Examples of exceptions are running out of
memory, resource allocation errors, and failure to find files.

Exception handler
A block of code that reacts to a specific type of exception. If the exception isfor an error from which the
program can recover, the program can resume executing after the exception handler has executed. In this
case, execution will resume where the exception was handled, not at the place where it was generated.

Executablefile
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A program file created from one or more source code files translated into machine code and linked
together. The MS-DOS, Windows, and Windows NT operating systems use the . EXE filename extension
to indicate that the file is a runnable program.

Exported method
A method called by non-Smalltalk code. The following cases arise:
»  Class methods can be exported from a Smalltalk DLL.
» Instance methods can be called as part of a COM interface.
» Both class methods and blocks can be called by non-Smalltalk code, for example by passing a block
or the address of a class method to a system function.

Expression
A message expression is a reguest to an object (the receiver of the message) to perform a computation
and return an object as the answer. There are three kinds of message expressions: unary, binary, keyword.

F

F1Hep
Context-sensitive Windows Help that the user obtains by pressing the F1 key. F1 Help opens Help on a
topic associated with the currently selected item in the application.

Fatal error
Or unrecoverable error, catastrophic error. An error that causes the system or a program to fail abruptly
with no hope of recovery. An example of afatal error is an uncaught exception that cannot be handled.
File-in
A file-inis Smalltalk source code that can be added to the image. See also file-out.
File-out

The process of saving Smalltalk source code to disk. The source code can include single methods, classes
aswell as entire hierarchies and pool dictionaries.

Focus
A temporary property of auser-interface object, such as awindow, view, dialog box, or button, that
permits the object to receive keyboard input from the user. The focusis usually conveyed through
highlighting. See also top-level window.

Font
Any of numerous sets of graphical representations of characters that can be installed on a computer or a
printer.

Frame
The top-level application window. The frame window provides a visible frame around a view, with an
optional status bar and standard window controls such as a control menu, buttons to minimize and
maximize the window, and controls for resizing the window. The frame window is responsible for
managing the layout of its child windows and other client-area elements such as control bars and views.
The frame window also forwards commands to its views and can respond to notification messages from
control windows.
OLE: The part of a container application responsible for negotiating menus, accelerator keys, toolbars,
and other shared user-interface elements with an embedded COM object or a document object.
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Framewor k
A reusable design; a set of classes, usually including abstract classes, that provides the skeleton of an
application. Classes in aframework collaborate in ways that are not specific to any particular application,
but rather define a structure that a variety of applications could have.

Function profiling
A run-time analysis of code execution by function, in which the profiler detects inefficiencies by
counting and timing functions.

G

Garbage collector
A process that periodically frees the memory used by objects that are no longer needed.

Global variable
A variable that is accessible from anywhere in an image.

Guarded block of code
A block for which an exception or termination handler provides protection.

H

Handle
A 32-bit value that represents a Windows object such as afile, bitmap, or window.

Hash value
The value of akey that has been numerically manipulated to directly calculate either the location of its
associated record in atable or the starting point for a search for the associated record. If the key valueisa
character string, each possible character is assigned a numeric code to permit the numerical manipulation.
The manipulation performed on the key value is known as the hashing function.
Smalltalk: instances of Dictionary, MappingTable etc. use hashing to locate the value associated with a
key, and Set uses hashing to quickly find elements. Hashing improves the time it takes to locate an
element.

Heap

A portion of memory reserved for a program to use for the temporary storage of data structures whose
existence or size cannot be determined until the program is running. The program can request free
memory from the heap to hold such elements, use it as necessary, and later free the memory.

Help file
A file that contains text and graphics needed to communicate online information about an application.
Each help file contains one or more topics a user can select by clicking hot spots, using the keyword
search, or browsing through topics.

Hexadecimal
Or hex. The base-16 counting system, whose digits are O through F. The letters A through F represent the
decimal numbers 10 through 15.

HRESULT
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OLE: An opague result handle used by OLE functions to indicate success or an error condition.

HTML
A markup language derived from SGML. Used to create a text document with formatting specifications
that tells a software browser how to display the page or pages included in the document.

HTML Help
A new Help system based on Microsoft's HTML browser control rather than on the traditional WinHelp
API. See also Helpfile.

Icon
A bitmap that is used as a visual mnemonic for an application or message. Anicon isusually stored in an
application's resource-definition file.

IDL
The OSF-DCE standard language for specifying the interface for remote procedure calls.

Idletime
The period during which the application has an empty message queue. Idle time permits the processing of
background tasks.

Imagelist
A Windows object that represents a collection of same-sized imagesin asingle, wide bitmap. Image lists
are used to efficiently manage large sets of icons or bitmaps.

Inheritance

In object-oriented programming, a method for deriving new classes from existing classes. The derived
classinherits the description of its ancestor class, but can be extended by adding new variables and
methods.

Inline assembler
Assembly-language code that is inserted into Smalltalk source code. The _as mkeyword preceding an
assembly-language statement or block of statements invokes the inline assembler at compile time.

In parameter
OLE: A parameter that is allocated, set, and freed by the caller of afunction or interface method. An In
parameter is not modified by the called function. See also In/Out parameter and Out parameter.

In/Out parameter
OLE: A parameter that isinitially allocated by the caller of afunction or interface method, and set, freed,
and reallocated, if necessary, by the process that is called. See also In parameter and Out parameter.

In-place activation
OLE: Editing an embedded object within the window of its container, using tools provided by the server.

In-process server
A server implemented as a DLL that runsin the process space of the client. DLL startup and shutdown is
managed by class InProcessServer or subclasses.
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I nspect-it
Evaluate the current selection in the active text pane as a Smalltalk expression, and open an Inspector on
the result.

Inspector

A graphical tool used to examine and change objects in the system.

Instance
An object of aparticular class.

I nstance method
A method invoked by sending a message to an instance of a class.

Instance variable
A variable defined to be part of each instance of a class. Instances of the class share the name of the
variable, but not its value.

Instantiation
The act of creating an object of a datatype, usually aclass.

Interface
A group of semantically related functions that provide access to a COM aobject. Each OLE interface
defines a contract that allows objects to interact according to the Component Object Model (COM). An
interface isidentified by aglobally unique identifier (GUID).

J

JIT compiler
Just-In-Time compiler. A JT compiler takes machine-independent bytecode and compiles it on demand
into native code for the target machine, giving faster execution.

K

Keyword expression
A keyword expression sends a single keyword message with one or more arguments.

L

Licensing
A COM feature that provides control over object creation. Licensed objects can be created only by clients
that are authorized to use them. Licensing may afford different levels of functionality depending on the
type of license.

Literal
A value, used in a program statement, that is expressed directly rather than as a named constant or the
contents of avariable. A literal generally defines an object of class Number, String, Character, Symbol,
or Array.

L oad time
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The amount of time required to place a program'’s executable files into memory prior to execution, or the
point in time when the files are |oaded.

L ocal server
OLE: An out-of-process server implemented as an .EXE application running on the same machine asits
client application. See also In-process server, Out-of-process server, and Remote server.

Local variable
A variable declared within a method or block that exists only within the scope of the method or block.
See also Temporary variable.

Locale
The national and cultural environment in which a system or program is running. The locale determines
the language used for messages and menus, the sorting order of strings, the keyboard layout, and date and
time formatting conventions.

L ocalization
The process of adapting a program for a specific international market, which includes translating the user
interface, resizing dialog boxes, customizing features (if necessary), and testing results to ensure that the
program still works.

M

Machine code
The ultimate result of the compilation of a high-level language. It consists of sequences of bytesthat are
loaded and executed by a microprocessor.

M aximized window
An application window enlarged to fill the entire desktop, a document window enlarged to fill the entire
application workspace, or a client window enlarged to fill the client area of the client window.

MDI
The standard user-interface architecture for Windows-based applications. A multiple document interface
application enables the user to work with more than one document at the same time. Each document is
displayed within the client area of the application's main window.

M essage loop
A program loop that retrieves messages from a thread's message queue and dispatches them to the
appropriate window procedures. See also message queue.

M essage pump
A program loop that retrieves messages from a thread's message queue, trand ates them, offers them to
the dialog manager, informs the MDI manager about them, and dispatches them to the application. See
also message queue.

M essage queue
A repository for window messages awaiting processing by athread. The system message queue holds
mouse and keyboard input waiting to be passed to a thread's message queue. A thread's message queue
holds messages waiting to be retrieved by athread's message loop.

M essage table
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A resource that stores alert and error messages that can contain replacement parameters.

Method
In object-oriented programming, a procedure that provides access to an object's data.

M nemonics
In agraphical user interface, underlined letters in the text of menu and dial og-box items. When the menu
and dialog-box items are active, the user can select the item by pressing the key that corresponds to the
underlined letter.

M odal
A restrictive or limiting interaction created by a given condition of operation. Modal often describes a
secondary window that restricts a user's interaction with other windows. A secondary window can be
modal with respect to its primary window or to the entire system. A modal dialog box must be closed by
the user before the application continues. See also modeless.

M odeless
Not restrictive or limiting interaction. "Modeless" often describes a secondary window that does not
restrict a user's interaction with other windows. A modeless dialog box stays on the screen and is
available for use at any time but also permits other user activities. See also modal.

Most recently used (MRU)
The most recently used files. FrameWindow can maintain alist of MRU files. Thefile list can be read
from or written to the registry.

M ouse capture
The act of channeling mouse input to a specific window without regard to the position of the mouse-
cursor hot spot.

M ouse event
An input event that occurs whenever the user moves the mouse, or presses or releases a mouse button.
Windows converts mouse input events into messages and posts them to the appropriate thread's message
queue.

MRU
See most recently used.

M ultiple document interface
See MDI.

N

Named instance variable
An instance variable that isidentified by aname, as defined in the class declaration. Instance variables
either have aname or are referred to with an integer index.

Nonclient area
The parts of awindow that an application does not use when displaying output such as text or graphics. A
window's nonclient area consists of the border, menu bar, title bar, scroll bar, Control menu, Minimize
button, and Maximize button. See also client area.
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Nonresumable exception
An exception that must return from the message that created the exception handler, because it cannot
continue execution.

Notification message
A message that a control sendsto its parent window when events, such as input from the user, occur.

Number
An abstract class used to compare, count, and measure instances of its numeric subclasses.

@)

Object
A programming structure encapsulating both data and functionality that are defined and allocated as a
single unit and for which the only public access is through the programming structure's interfaces.
OLE: A COM object must support, a a minimum, the lUnknown interface, which maintains the object’s
existence whileit is being used and provides access to the object's other interfaces. See also COM and
Interface.

OLE
Microsoft's object-based technology for sharing information and services across process and machine
boundaries.

OLE Automation
See Automation.

OLE control
See Control.

Optimization

Compiler fine tuning to increase program performance or reduce program size.

Out-of-process ser ver
A server, implemented as an . EXE application, which runs outside the process of its client, either on the
same machine or aremote machine. See also Local server and Remote server.

Out parameter
A parameter that is alocated and freed by the caller, but its value is set by the function being called. See
also In parameter and In/Out parameter.

Overlapped window
A style of window meant to serve as an application's main window. Other windows can overlap the
window's space on the screen.

Owned window
A window that has an owner. An owned window always appears in front of its owner window, is hidden
when its owner window is minimized, and is destroyed when its owner window is destroyed. See also
owner window.

Owner window
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A window that owns another window, thus affecting aspects of the owned window's appearance and
behavior. See also owned window.

Owner-draw control
In Windows, a control that is customized for a specific application. Owner-draw controls are similar to
predefined controls in that Windows will handle the control's functionality and process input from the
mouse and keyboard. However, the programmer is responsible for the appearance of the owner-draw
control in its various states.

P

Parent window
A window that has one or more child windows.

Per sistent
Lasting between program sessions, or renewed when a new program session is begun.

Persistent storage
Storage of afile or object in amedium such as afile system or database so that the object and its data
persist when the file is closed and then re-opened at a later time.

Pointer
A datatype that can contain the address of another data type such asavariable, or of afunction or class.
Smalltalk: instances of Pointer often refer to structures. In such a case, the Pointer can read and write
fields of its associated structure.

Polymor phism
The ability of objects to respond to the same message in different ways.

Pool dictionary
A dictionary that maps symbolic names to immediate values. Pool variables defined in a pool dictionary
are only used at compile-time to replace occurrences with their associated value. Pool variables appear in
the class declaration and are inherited by subclasses.

Pool variable
Pool variables are the keys defined in a pool dictionary. See Pool dictionary.

Pop-up menu
A menu that is hidden until the user performs an action (such as clicking the right mouse button) that
causes Windows to display the menu. The pop-up menu contains commands that are relevant to the
selection or the active window. See also drop-down menu.

Portable Executable (PE) | mage
The standard Win32 executable format.

Process
An executing application that consists of a private virtual address space, code, data, and other operating-
system resources, such as files, pipes, and synchronization objects that are visible to the process. A
process also contains one or more threads that run in the context of the process.

Profiler
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A development tool for analyzing the run-time behavior of programs.

Property
Information that is associated with an object.
Smalltalk: subclasses of FrameWindow maintain a property dictionary that can be used to store
information.
OLE: propertiesfall into two categories. run-time properties and persistent properties. Run-time
properties are typically associated with control objects or their containers. For example, background
color isarun-time property set by a control's container. Persistent properties are associated with stored
objects.

Proxy
An interface-specific object that packages parameters for that interface in preparation for aremote
method call. A proxy runsin the address space of the sender and communicates with a corresponding
stub in the receiver's address space.

Q

Queue
A data structure in which elements are added to the end of alist and removed from the head of thelist.

R

RCDATA resource
A custom Windows resource element. Smalltalk dialogs may use RCDATA structuresto store
information such as framing parameters, OLE properties and so forth.

Reentrant
Code written so that it can be shared by several programs (or processes within a single program) at the
same time. When code is reentrant, one program or process can safely interrupt the execution of another
program or process, execute its own code, and then return control to the first program or process in such a
way that the first program or process does not fail or behave in an unexpected way.

Reference counting
Keeping a count of each interface pointer held on an object to ensure that the object is not destroyed
before al referencesto it are released.

Registry
A Windows system database in which configuration information is registered.

Registry key
A unique identifier assigned to each piece of information in the system registration database.

Remote Server
A server application, implemented as an EXE, running on a different machine from the client application
using it. See also In-process server, Local server, and Out-of-process server.

Resource
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An element, such as a string, icon, bitmap, cursor, dialog, accelerator, or menu, that isincluded in a
Win32 resource (.RC) file.

Resour ce compiler
A program that creates a binary resource file based on the resource-definition (.RC) file.

Resumable exception
An exception that can return from the message that signaled it and continue execution.

Return value
The value that a method evaluates to in its calling expression.

Rubber-band selection
A selection method that allows a user to select multiple items by dragging a sizing rectangle around the
items to be selected. Items within the region can be manipulated by the user.

Running Object Table (ROT)
OLE: A globally accessible table on each computer that keeps track of all COM abjects in the running
state that can be identified by a moniker. Moniker providers register an object in the table, which
increments the object's reference count. Before the object can be destroyed, its moniker must be released
from the table.

S

Scope
The extent to which a given identifier (variable, pool variable) can be referenced within a program.

Screen coordinates
A means of specifying the position of a point on the display screen in terms of vertical (y-coordinate) and
horizontal (x-coordinate) displacement from the upper-left corner of the screen (origin).

SEH (Structured Exception Handling)
A mechanism for handling hardware- and software-generated exceptions that gives devel opers complete
control over the handling of exceptions, provides support for debuggers, and is usable across all
programming languages and computers.

Sdf-registration
The process by which a server can perform its own registry operations.

Server application
The term server application often refers to an executable that runs unattended and respondsto client
requests over the network.
OLE: An application that can create COM objects. Container applications can then embed or link to these
objects.

Semantics
The relationships between words or symbols and their intended meanings, or the rules governing these
relationships. See also syntax.

Semaphore
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A synchronization object that maintains a count between zero and a specified maximum value. A
semaphore's state is signaled when its count is greater than zero and nonsignaled when its count is zero.
The semaphore object is useful in controlling a shared resource that can support alimited number of
users. It acts like a gate that counts the threads as they enter and exit a controlled area and that limits the
number of threads sharing the resource to a specified maximum number.

Serialization
The process of writing or reading an object to or from a persistent storage medium, such as a disk file.
Later, the object can be re-created by reading, or deserializing, the object’s state from storage.

Show-it
An operation in which the current selection in the active text pane is evaluated as a Smalltalk expression.
Theresult is printed and the resulting string inserted into the text pane.

Shortcut key
A keyboard combination that activates a program command directly, as an aternative to activating the
command through the program menus.

Sibling
A node in atree that is descended from the same immediate ancestor(s) as other nodes.

Single threading model
A model in which all objects are executed on asingle thread.

Smalltalk heap
The memory that has been reserved and possibly committed for regular Smalltalk objects. By default, all
new objects are created in the Smalltalk heap. See also Heap.

Sour ce character set
The set of legal characters that can appear in source files. For Smalltalk, the source set is the standard
ASCII character set.

Sour ce code
Human-readabl e statements written in a high-level programming language.
SQL
A database sublanguage used to query, update, and manage relational databases.
Stack frame
An area of the stack memory that temporarily holds the arguments to a method or function as well as any
local variables.

Stack overflow
An error condition caused by attempting to push an item onto a stack that is full, meaning that all of the
memory allocated for that stack has been used.

String
A string is an instance of class String containing a sequence of instances of class Character.

Subclass
A classthat is derived from another class. A subclass inherits state and behavior from its superclassin the
form of variables and methods.
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Subclassing
Smalltalk: deriving a class through inheritance from another class.
Windows: intercepting messages from and to another window in order to change the behavior of the
window.

Symbol
Smalltalk: An instance of class Symbol. A Symboal is characterized by itsidentifier (ID), which is
uniquely associated with a String that represents the symbol's name.
More generally, avariable, method name, or other identifier of an executable program. See symbolic-
debugging information.

Symbolic-debugging infor mation
A map of the source code and all the identifiers (variables, method or function names, and so on) created
at compile time for use by adebugger. See also COFF.

Synchronous call
A function call that does not allow further instructions in the calling process to be executed until the
function returns. See also Asychronous call.

Syntax
The grammar of a particular language, the rules governing the structure and content of the statements.
See also semantics.

System registry

A system-wide repository of information supported by Windows, which contains information about the
system and its applications, including OLE clients and servers.
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Tab order
The order in which the TAB key moves the input focus from one control to the next within a dialog box.
Usually, the tab order proceeds from left to right in a dialog box, and from top to bottom in aradio group.

Tab stop
One of the pointsin aline of text or a control in agroup of controls (in adialog box, for example) that
the user can move to by pressing the TAB key. See also tab order.

Temporary variable
Or local variable, block-local variable. A variable defined as part of a method or block, that exists while
the method or block executes.

Termination handler
A block that is executed, regardless of how a guarded block finishes executing. See also SEH.

Thread
The basic entity to which the operating system allocates CPU time. A thread can execute any part of the
application's code, including a part currently being executed by another thread. All threads of a process
share the virtual address space, global variables, and operating-system resources of the process.

Thread local storage (TLS)
A Win32 mechanism that allows multiple threads of a process to store data that is unique for each thread.
Smalltalk M T supports thread local variables, whose values are specific to each thread.

Thunk
A small section of code that performs atranslation or conversion during acall or indirection. For
example, athunk is used to change the size or type of function parameters when calling between 16- and
32-bit code.

Timestamp
A value that specifies the time data was created, modified, accessed, or received. Method timestamps
record when a method was created or modified.

TLS
See Thread local storage.

Tool tip
A tiny pop-up window that presents a short description of atoolbar button's action. Tool tips are
displayed when the user positions the mouse over a button for a period of time.

Top-level window
A window that has no parent window, or whose parent is the desktop window.

Trace message
Or trace output. An error or diagnostic message employed in debugging to provide information about
where in the program execution a problem occurred. In some cases, trace output can provide advance
warnhing about problems that are about to occur. Trace output can be viewed on an external debugger or
an application such as DBMON (on Windows NT).

Transcript
Theinitial workspace that is displayed in the devel opment environment. See also Workspace.
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Try block
A guarded body of codein atry-except frame-based exception handler or try-finally termination handler.

Typeinformation
Information about an object's class provided by atype library. To provide type information, a COM
object implements the IProvideClassInfo interface.
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U

Unary expression
A unary expression sends a series of unary messages.

Unary message
A unary message is a message that has no arguments.

Unicode
A 16-hit character set capable of encoding all known characters and used as a worldwide character-
encoding standard. Windows NT uses Unicode exclusively at the system level.

Uniform Data Transfer
In OLE, aset of interfaces that allow data to be sent and received in a standard fashion, regardless of the
actual method chosen to transfer the data.

User-defined message
Any message that is not a standard Windows message. Typically, a user-defined message starts at
WM_USER.

User-interface thread
In Windows, athread that handles user input and responds to user events independently of threads
executing other portions of the application. User-interface threads have a message pump and process
messages received from the system.

\Y

Variable
A named storage location that references a single object. The reference can be changed at runtime using
variable assignments. See also Assignment.

Version resource
A resource that contains either text or binary data about an application's version information.

Virtual Table (VTBL)
An array of pointers to interface method implementations. See a'so Interface.

W

Walkback
A Walkback dialog pops up automatically when an unhandled exception occurs. When you need more
information than provided in the Walkback, you explicitly request a Debugger window by clicking the
Debug button.

Wide character
Or Unicode character. A 2-byte multilingual character code. Smalltalk Character instances contain
Unicode characters.

Win32 API
The set of 32-bit functions supported by Windows. See Win32 platform.
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Win32 platform
A platform that supports the Win32 API. These platforms include Intel Win32s, Windows NT, Windows
95/98, MIPS Windows NT, DEC Alpha Windows NT, and Power PC Windows NT.

Window class
Inthe Win32 API, a set of attributes that Microsoft Windows uses as a template to create awindow in an
application. Windows requires that an application supply a class name, the window-procedure address,
and an instance handle. Other elements may be used to define default attributes for windows of the class,
such as the shape of the cursor and the content of the menu for the window.

Window handle
In the Win32 API, a 32-bit value (assigned by Windows) that uniquely identifies awindow. An
application uses this handle to direct the actions of functions to the window.

Window procedure
A function, called by the operating system, that controls the appearance and behavior of its associated
windows. The procedure receives and processes all messages to these windows.

Wizard
A specia form of user assistance that guides the user through a difficult or complex task within an
application.
Smalltalk: adialog class that represents a Windows wizard.

Workspace
A window with a single text control in which text can be edited and from which Smalltalk expressions
can be evaluated. The Transcript isthe initial workspace window that is displayed in the devel opment
environment.

Workspace variable
A variable associated with a workspace and only accessible within that workspace. A workspace variable
exists as long as the workspace remains open.

Z

Z order
Indicates awindow's position in a stack of overlapping windows. Thiswindow stack is oriented along an
imaginary axis, the z-axis, extending outward from the screen.
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_asm, 427
_doesNotUnderstand, 426
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_overflow, 435
_performintSelector, 433
_performSelector, 433
_performUSelector, 434
_stalloc, 434
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About Box, 102
Accelerator Table, 103
Accelerators, 222, 233
ActiveX
implementing components, 333
using, 316
Alias (name space), 163
ANSI, 397
monitoring string conversions, 399
Apartment Model, 312
API
diasing, 389
ANSI and Unicode functions, 388
binding with, 372
decorated functions, 388
examples, 381
passing arguments, 374
passing parameters, 374
referencing arguments, 378
return types, 379
Application, 344
Application Icon, 102
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Application Project, 345
Window, 88
ApplicationProcess, 198, 229, 230
Array, 183, 189
literal, 167
asCinteger, 374
asm, 427
Assembler, 425
addressing modes, 427
instructions, 427
object types, 431
routines, 433
Smdlltalk calling convention, 430
Asynchroneous processing, 210

B
Behavior, 182
Binary Message, 158, 159
Block, 199
context, 170
inlining, 423

optimizing contexts, 422
reentrancy issues, 171
static, 170
static blocks, 422
types of, 170
variables, 165
Boolean Expressions, 176
Browsing, 13
messages, 14, 37, 61
methods, 37
unimplemented messages, 14
Build Process, 360
Button, 124, 277
Byte Object, 154
ByteArray, 183, 189
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C

Callbacks, 389
Cascaded Message, 158
Categories, 178, 414
Change Browser, 15
Changes (source code), 72
Changes File, 58
Changes.d, 72
Character, 166
literal, 171
Child Identifiers, 93
Child windows
accessing, 242, 247
Chunk Format, 8
Class, 183
changing the superclass, 21
deleting, 21
finding, 20
initializing, 52
renaming, 21
types of, 155
Class Hierarchy Browser, 17
Class Instance Variable, 164
Class Section, 67
Class Variable, 164
Clipboard, 322
using, 321
closeWindow, 245
Code Section, 66
Code Size (reserved by the compiler), 67
Collections, 183
COM, 308
ComboBox, 124
Common Controls, 281
Common Dialog Boxes, 258
Compiler
accessing classes, 415
accessing pool dictionaries, 416
accessing variables, 414
browsing, 414
browsing example, 417
compiling, 415
method categories, 414
programming interface, 413
Settings, 67
working with files, 417
Conditional Compilation, 181
Console, 363
control handlers, 364
creating, 363
processing command line arguments, 364
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Constant Expressions, 171

ContainerWindow, 303

Context Menu, 219

ContextBlock, 170

Control of Flow, 173

Controls, 121, 276

Critical Section, 199

currentThread, 231

Custom Controls
CustomControl class, 303
using external controls, 124

D

Data Section, 67
Debug Output, 232
Debugger, 24
call frames, 26
customizing windows, 26
using out-of-process debuggers, 79
Debugging, 412
Desktop
customizing fonts, 12
multiple desktops, 10
saving and restoring, 10
destroyWindow, 245
DeviceContext, 235
Diagnostic Messages, 80
DialogBox, 89, 120, 249
creating an application, 357
owner, 249
Dictionary, 184
dlias name, 163
DLL, 368
binding with, 59
loading resources, 345
unloading a Smalltalk DLL, 231
updating ANSI and Unicode bindings, 398
using, 372
dllEntryPoint, 358
Drag and Drop, 325
DragListBox, 283
Dynamic Code Section, 67

E

Edit, 124

Edit Controls, 279

Editions of Smalltalk MT, XVIII
Entry Point, 230, 354

Escape Codes, 168

Evaluating Code, 4
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context of evaluation, 8
errors, 5
Events, 214, 276
overview, 211
Exceptions, 200, 391
common exceptions, 392
development exceptions, 395
runtime exceptions, 392
exitApplication, 234
exitlnstance, 234
Exports, 389

File

alias name, 163
File Handling Framework, 220
Filing in Code, 8
Finalization, 408
Float, 193
FrameWindow, 88, 114, 245, 246
Framing Parameters, 98
Free-threading Model, 311, 312

G

Garbage Collector, 419

Generic Sample, 132, 349
getCommandArguments, 231, 232
getMessages, 231, 232
getStartupDirectory, 232
getStartupPath, 232

Global Variable, 163

Graphics, 235

GUID, 314

H

HeaderControl, 285
Headless Applications, 360
Heap Sizes, 71
Hello World Application, 347
Help, 226
commands, 227
topics, 227, 228
hinstance, 232
hiword, 192
HotKey, 285

IClassFactory, 333

IDataObject, 321
| DataObjectEx, 322
IdentityDictionary, 183, 187
IDispatch, 319
Idle Processing, 210
ifEvents, 217
ifFalse, 173
ifTrue, 173
ihiword, 192
iloword, 192
Image
backing up, 71
binding with libraries, 59
image differences, 72
restoring, 73
saving, 58, 59
sections, 65
version, 3
Image Lists
using, 286
Image Maintenance, 58
Image Properties, 27
diagnostic messages, 80
optimization page, 28
Implementors of a message, 37
Import Section, 67
Imports
reserved entries, 61
using, 62, 63
Indexed Class, 154
initApplication, 234
Initialization of Classes, 52
initInstance:, 234
initPosition, 245
initWindow, 245
Inline Assembler, 425
InProcessServer, 334
Inspectors, 33
inspecting objects, 33
subclassing, 36
Installation, 2
Instance Variable, 165
Integer, 191
signed / unsigned, 191
Interface Builder
code generation, 112
Controls, 94, 121
custom events, 131
duplicating and deleting, 95
extensions, 129
general properties, 122
inserting, 95

475



Index

placement, 95

properties, 98

selecting, 94

Smalltalk property page, 123
creating adialog, 90
creating awindow, 88
dialog boxes, 120
editing awindow, 89
editing menus, 92
frame windows, 114
framing parameters, 98
generating a resource script, 105
identifiers, 93
menus, 89
mnemonics, 100
pool dictionaries, 93
resource scripts, 101
saving awindow, 89
splitter bars, 126
tab ordering, 99

Interval, 190

10Stream, 196

10WideStream, 196

K
Keyword Message, 158, 159, 160

L

Largelnteger, 191

List Controls, 277
ListBox, 124
ListView, 125, 286
Literals, 166

Loader Program, 58, 59
Local Variables, 165
Loop Expressions, 175
loword, 192

M

Main Application Window, 233
MappingTable, 184, 185
MDIFrameWindow, 263
Memory

reducing allocations, 421

reserving, 65

sections, 65
Memory-mapped Files, 402
Menu, 91, 274

creating, 274
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modifying, 275

popup menu, 274
Message File, 102
Message Loop, 214
Message Pump, 206
Messages, 157

processing Windows messages, 209

Metaclass, 182

Method Explorer, 37
Method Statistics, 22
Method Timestamp, 21
Methods (overview), 156

Most Recently Used File Framework, 221

Multiprocessing Classes, 198

N

Name Spaces, 163
Notation, XVI
Notifications, 276
Number, 191
literals, 173

Object

structure of, 154
OLE

controls, 316

datatransfer, 321

events, 316

methods, 317

OleControl, 126, 335

properties, 317

property pages, 337

troubleshooting, 340
OleControal, 335
OleControl Container, 304, 316
Online Help, 226
Operating System Version, 71
Optimization

optimization levels, 27, 31, 32

tail recursion, 31
OrderedCollection, 184, 190
OrderedMappingTable, 187
outputDebugLine:, 232
outputDebugPrefix, 232
OutputDebugString API, 232
outputDebugString:, 232
Overlapped Windows, 245
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P about box, 102
accelerator table, 103
Performance, 419 applicationicon, 102
Picture, 125 default module, 233
Pointer, 202 integrating into image, 71
Pointer Object, 154 loading, 345
Pool Dictionaries, 93, 180, 416 message file, 102
converting between ANS| and Unicode, 398 prompter templates, 102
editing, 53 sample, 348
loading from disk, 54 script generation, 105
Pool Dictionary, 180 string table, 103
Popup Menu, 274 tool bar, 102
Process attributes, 231 using, 52
Process Properties, 69 version resource, 103
heap, 71 Resources, 358
resources, 71 RichEdit, 291
Smalltalk heap reserve, 70 run, 357
stack, 70 Runtime.sm, 360
version, 71
Processor, 198, 229 S
Progress Bar Sample, 144
ProgressBar, 289 Sample
Project Generic, 349
defining, 42 Generic Application, 132
defining a Windows application, 44 installing a sample application, 51
failsto find sub-project, 76 Progress Bar, 144
how to design, 51 Slider Sample, 144
syntax error whilefilingin, 76 Spin Button, 144
Project Browser, 38 Splitter Bars, 147
defining a project, 42 ToolBar, 141
defining source path of projects, 51 using DLL resources, 348
opening a project, 40 Scroll Boxes, 279
Prompter, 269 SDIFrame, 264
check list prompter, 272 Sections, 65
list prompter, 271 class section, 67
multi-list prompter, 271 code section, 66
templates, 102 data section, 67
text prompter, 270 import section, 67
Property Sheet, 265 Selectors, 157
Proxy Semaphore, 199
implementing, 437 Senders of amessage, 37
SequenceableCollection, 184, 188
R Serialization, 401
architecture, 401
Real-time Applications, 419 overview, 402
ReBar, 290 using memory-mapped files, 402
Reentrancy of Blocks, 171 Set, 184, 190
registerClass, 240 Setup, 2
registerObject, 378 sleep, 231
Registry, 224, 234 Slider Sample, 144
releaseObject, 378 Smalltalk Controls, 125, 303
Resources, 101 Smalltalk Heap Reserve, 70

477



Index

SortedCollection, 184, 190
Source Code

filingin, 8

filing out, 9
Source Database, 58
Source File, 8

allocating, 68

corruption, 83
Source Management, 178
Sources.bin, 58, 68
Spin Button Sample, 144
SplitPane, 129, 305
Splitter Bars Sample, 147
Stack, 190
Stack Sizes, 70
StaticBlock, 170
StatusBar, 292
StatusWindow, 292
stdin, 363
stdout, 363
STMT.EXE, 58, 59
Stream, 195
String, 190, 197

escape codes, 168

literal, 168

StringA, 198

StringW, 197
String Table (resource), 103
StringDictionary, 188
StringTable, 188
Struct, 200

accessing, 201

defining for ANSI and Unicode, 399

initializing, 201

using a pointer on, 202
Structures, 200
Styles, 281
Subclassing

Window subclassing, 244
Subsystem Version, 71
Symbol, 198

literal, 169

using at runtime, 359
Symbol Editor, 53
Synchronization, 199
System Classes, 198
System Requirements, X1X
SystemDictionary, 188
SystemException, 200
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TabControl, 293
Tail Recursion, 31
terminateThread, 231
Thread, 199, 231

killing, 57

stopping, 57

suspending and resuming, 57
Thread Local Variable, 164
Thread Viewer, 56
timesRepeat, 175
ToolBar, 102, 294

sample, 141
ToolTip, 226, 298
TrackBar, 300
Transcript

evaluating code, 4

window, 55
TreeView, 300
Troubleshooting, 75

U

Unary Message, 158, 159
unhandledException:, 234
Unicode, 397
UpDown, 302
User Interface
customizing, 10, 26
defining defaults, 11
window placement preferences, 11
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Validation, 251
Variables, 162, 414
block local, 165
classinstance, 164
instance, 165
locals, 165
restrictions, 165
Version Resource, 103

W

Weak Pointers, 408
WinApplication, 229, 232
WinDbg (using WinDbg or MSVC), 79
WinDocument, 264
Window, 209, 238
creating, 241
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enumerating, 241
handle, 241
items, 242
procedure, 206
properties, 243
registration, 239
subclassing, 244
Window Classes, 237
Windows Events, 214
Windows Messages, 214
winMain, 354
Wizards, 265

WM_HELP, 227
WndProc, 206
WordArray, 184, 189
literal, 167
Workspace, 56
Workspace Variables, 4

X
XFactory, 337
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