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Preface

Excel offers right out of the box an enormous variety of functions. So why does
one need VBA macros? With VBA you can accomplish wonders:

* You can program your own worksheet functions that are easier to use than
complicated formulas.

* You can configure Excel to suit your requirements and in this way achieve
greater simplicity and efficiency.

* You can structure and simplify complex processes such as filling out forms
by means of “smart” forms (templates).

* You can automate processes that are used frequently. This is particularly
useful in dealing repeatedly with large data sets that must be processed, an-
alyzed, and graphically displayed.

* You can create freestanding Excel programs that display their own menus,
dialogs, and toolbars. This makes it possible to simplify an Excel applica-
tion to the point where those unfamiliar with Excel can run the program
correctly.

What’s New in Excel 2000?

Changes in Excel’s core functions have this time been kept within bounds. How-
ever, extensive changes in peripheral functions have occurred. For example, for
the first time the Scripting library enables simple object-oriented access to files
and folders. The ADO library now replaces the DAO library and simplifies access
to external databases. Moreover, there are dozens of new properties, methods,
and objects, which encompass a host of new functions (for example, HTML im-
portation and exportation) and existing functions (such as pivot tables). Most of
the changes apply to use of the Office Developer Edition. This version of Office is
equipped with a large number of auxiliary tools, making it possible, for example,
to develop COM add-ins (that is, ActiveX DLLs compiled to binary code).
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Why This Book?

The real problem in VBA programming is not VBA itself. The formulation of a loop
or test, the use of methods and properties, are easily understood as in any pro-
gramming language and will cause you no trouble after a couple of days. The
problem is to get a handle on the complex object libraries within Excel, with their
more than a thousand keywords, and to use them efficiently. The focus of this
book and the examples presented herein is to explain these object libraries. This
book pulls no punches, however, and when there are problems and shortcomings
in Excel, you will hear about them and get help in working around them. On the
other hand, with the help of realistic examples you will be shown how far you can
go with Excel programming: The possibilities are truly endless!

This Book Offers More!

If you open the file 0ffice2000/0ffice/Samples.xls, you will be greeted with the
following text:

Microsoft provides examples of Visual Basic for Applications procedures for
illustration only, without warranty either expressed or implied, including, but not
limited to the implied warranties of merchantability and/or fitness for a particu-
lar purpose. The Visual Basic procedures in this workbook are provided “as is” and
Microsoft does not guarantee that they can be used in all situations. While Mi-
crosoft Technical Support Engineers can help explain the functionality of a partic-
ular macro, they will not modify these examples to provide added functionality,
nor will they help you construct macros to meet your specific needs. If you have
limited programming experience, you may want to consult one of the Microsoft
Solution Providers.

Thus has Microsoft made it clear once again just what they mean by cus-
tomer-friendliness. The express goal of this book is to offer more in every respect:
clear language, accurate information, realistic examples, genuine assistance.

With this book you should be able to free yourself from Microsoft’s Technical
Support Engineers and Solution Providers. After a couple of weeks you will under-
stand the Excel object model, and you may even find that programming in VBA is
actually enjoyable. I wish you a pleasant journey and every success in your Excel
programming!

Michael Kofler <excel@kofler.cc>, February 2000
http://www.kofler.cc



The Idea Behind
This Book

Visual Basic for Applications is, to be sure, a modern object-oriented program-
ming language that offers an incredible number of keywords, but at the same
time it offers many difficulties. At the beginning one has no hope of gaining even
an overview of VBA. And even after months of programming in VBA the on-line
help will remain the most important source of advice on the details of a particular
keyword. Therefore, this book attempts to compensate for the shortcomings in
the original documentation and the on-line help by providing the following assis-
tance:

¢ Genuine applications in the form of concrete, realistic examples

» Thematic syntax summaries (for example, all properties and methods for
dealing with ranges of cells) ’

* Detailed information on the use of DLL functions, on ActiveX automation,
on the creation of custom on-line help texts, on programming your own
add-ins.

¢ Useful descriptions of all VBA objects and their arrangement in the object
hierarchy

¢ Information on inconsistiencies and errors in VBA

However, there is one attribute that this book does not possess: complete-
ness. There is no point, it seems to me, in filling hundreds of pages with a refer-
ence to all keywords when practically the same information can be found in the
on-line help. Instead of seeking to give only the appearance of completeness, I
have attempted to give preference to the most important topics and to deal with
these in full detail.
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Formalities

Keyboard shortcuts are given in the formCtri+F2. Menu commands appear as fol-
lows: FiLelOpEN, CaNCEL, or Ok. The instruction EpiTIDELETEISHIFT CELLS LEFT means
that you first execute the menu command EpitIDereTE and then in the dialog that
appears select the button Shift cells left.

VBA keywords as well as variables and procedures are written in italics, for ex-
ample, “Application object” or “Visible property.” Worksheet functions are written
in the same type style, but in all uppercase letters, as in IF, for example.

(In international versions of Excel it is necessary to distinguish worksheet
functions from VBA keywords: VBA keywords are always in English, while work-
sheet functions must be given in the local language.) Keywords that appear in the
text for the first time with an explanation or that are particularly important are
printed in bold italics.



Introduction

Here’s a brief overview of the book:

Part I, “An Intuitive Approach,” gets you started and tells you what is new in
Excel 2000.

In Chapter 1, “Writing Your First Macro,” we introduce some examples that
while simple in execution are of great general value in showing how to create
macros and how macros are used to configue Excel to your specifications, to
manage a literature database, to create a “smart form,” to define new worksheet
functions, and so on.

Chapter 2, “What’s New in Excel 2000,” provides an overview of the most im-
portant new features of version 2000 (in comparison to versions 5, 7, and 97). This
includes the new database library ADO, which facilitates access to external data-
bases.

Part II, “Fundamentals,” discusses basic information about Excel 2000, the
development environment, VBA concepts, programming techniques, debugging,
forms (the Microsoft Forms Library), and menus and toolbars.

Chapter 3, “The Development Environment,” describes in detail the VBA de-
velopment environment, which since Excel 97 has appeared in a separate window
with its own menus and toolbars. The development environment facilitates the
input of program code and the definition of new forms, helps with debugging,
and contains such features as an object catalog with cross-references to the on-
line help and an immediate window to test individual code segments and instruc-
tions.

In Chapter 4, “VBA Concepts,” you will find useful explanations of variables,
loops, branching, objects, methods, and properties. This chapter covers the for-
mal aspects of the programming language VBA and describes the use and syntax
of the elementary components of the language.

Chapter 5, “Techniques of Programming,” provides answers to everyday
questions that programmers ask: How do I access tables, ranges of cells, and indi-
vidual cells? How do I carry out calculations with dates and times? How do I work
with character strings? How are files managed? Where are Excel’s configuration
settings stored? Where can I obtain additional information?

In Chapter 6, “Debugging, Protection When Errors Arise,” we will discuss the
fact that not all computer programs are free of bugs (and will never be free of
them). Software producers are continually coming out with new versions of their
product that still contain errors. The theme of this chapter is how to find the bugs
in your own programs and to protect your programs against disaster when errors
occur.

xiii
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In Chapter 7, “Forms (Microsoft Forms Library),” we will discuss dialogs and
forms. These are usually small windows for the easy input of various data. Excel it-
self has countless forms such as those for file selection and for setting options.
This chapter shows how you can create and manage your own forms with Excel’s
forms editor.

In Chapter 8, “Menus and Toolbars,” you will learn how to customize the
Excel user interface. Of particular importance is the creation of custom menus
and toolbars (CommandBar object), which allow you to simplify the use of Excel
and of your custom Excel applications.

Part I1I, “Application,” covers the use of the application and its templates,
smart forms, charts and drawing objects, data management in Excel, accessing
external data, data analysis in Exel, and VBA programming for pros, Office Devel-
oper.

Chapter 9, “Templates, Smart Forms,” covers an application that is as practi-
cal as it is simple. It is for the creation of so-called smart forms. The user of such a
form is required simply to input particular numerical values, and the calculations
on these values are then carried out automatically (which is why they are called
“smart”). Finally, the complete form can be printed and its contents saved.

In Chapter 10, “Charts and Drawing Objects (Shapes),” you learn that charts
play a central role in many Excel applications. This chapter describes how you can
create and print charts via program code, and it also discusses the Shape object,
which lets you decorate and label charts as well as normal Excel worksheets.

In Chapter 11, “Data Management in Excel,” you learn that Excel is not itself a
database program, but it facilitates the management of small data sets. This chap-
ter describes how these functions can be employed in programs and discusses
Excel’s limits as a data management application.

Chapter 12, “Access to External Data,” discusses how larger data sets are bet-
ter handled by true database systems than in Excel. This chapter shows some of
the possibilities for using Excel to access such data. At the center of this lies the
new ADO library (ActiveX data objects).

In Chapter 13, “Data Analysis in Excel,” you will learn that Excel’s strengths lie
less in thé management of data than in the analysis of data. This chapter deals
primarily with pivot tables, which are an incredibly powerful tool for grouping
and subdividing tables according to various criteria.

Chapter 14, “VBA Programming for Pros, Office Developer,” explains how to
create add-ins, use DLL functions, and control external programs by means of Ac-
tiveX automation. In this respect the main focus is the numerous supplementary
functions provided by the Office Developer Edition.

Part IV, “Reference,” contains the Object Reference, information about the
sample files for this book and references to other related works.

Chapter 15, the “Object Reference” describes in alphabetical order all Excel
and ADO objects as well as the most important objects of other libraries.
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CHAPTER 1

Writing Your First
Macro

In this chapter you will learn about such concepts as “macro” and “Visual Basic
for Applications.” You will also record your very own macros, link macros with
new tools (which you create) in the toolbar, change the menu structure, and put
together a simple database application. This chapter offers—to the extent possi-
ble with simple examples—a brief glance at the material that will be covered in
much greater detail in the remainder of this book. Welcome aboard!

Chapter Overview

Definition of Terms 4
What Is Visual Basic for Applications? 6
Linking a Custom Style with a Tool 8
A New Tool for “Full Screen” Mode 14
A Macro for Simplifying Input 17
A Simple Literature Database . 19
A Form for Computing Interest in a Savings Account 25
User-Defined Functions 30
Analysis of Complex Tables 31
AVocabulary Tutor 32

Example Programs to Try 39
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Definition of Terms
Macro

This chapter is entitled “Writing Your First Macro.” It thus seems appropriate at
this point to explain the term “macro.” A macro is a sequence of instructions to the
computer that the computer then carries out when ordered to do so.

What is the purpose of macros? With macros it is possible to simplify and au-
tomate tasks that are frequently repeated. You can customize Excel to meet your
particular needs and equip Excel with new menu commands and tools. Further-
more, you can simplify Excel for other users so that they can make use of particu-
lar Excel applications with almost no additional training. And finally, you can
write full-blown “programs” that will be hardly recognizable as having originated
from within Excel.

Since the computer unfortunately does not understand instructions such as
“save this data” or “display the three selected cells in a larger font,” macro instruc-
tions must be formulated in a special language. For reasons of compatibility, Excel
offers two such languages from which to choose:

* The original macro programming language, called XLM, was created for
early versions of Excel. Macros written in this language are referred to as
XLM macros or Excel 4 macros, since the basic structure of this language
has not been changed since version 4 of Excel.

* Beginning with version 5, the new language Visual Basic for Applications
{(VBA for short) was introduced. It offers more extensive and refined possi-
bilities for the control of programs, though at first glance it may seem
somewhat complex (especially for those who have written XLM macros).

Here is an example in the two macro languages (first as an Excel 4 macro,
then in VBA) that saves the current file:
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=SAVE() "XLM macro (Excel 4)
ActiveWorkbook.Save 'VBA (Excel 5, 7, 97, 2000 etc.)

Our next example displays a group of selected cells in a larger font size (first
as an Excel 4 macro, then in VBA):

=FONT.PROPERTIES(,,GET.CELL(19)+2) "Excel 4
Selection.Font.Size = Selection.Font.Size + 2 'VBA

When the term “macro” is used in books or in on-line documentation it is not
always made clear whether the XLM or VBA language is meant. In this book, how-
ever, the term “macro” will always mean a VBA macro.

Recording Macros

In general, there are two ways of creating macros: You can input the VBA com-
mands from the keyboard, or you let Excel “record” the macro. By this is meant
that (using the mouse and keyboard) you perform actions such as data entry, for-
matting of cells, and executing commands, and Excel follows your actions and
writes the corresponding VBA instructions in a module. When later you execute
the macro that has been created in this way, the exact same steps that you had
previously executed by hand are executed.

In reality, macros are generally created by a combination of these two methods.
You will certainly frequently let Excel record your actions, but it will also frequently
be necessary to alter or supplernent these macros by typing at the keyboard.

Executing Macros

The least satisfactory method of executing a macro is provided by the command
Tootslvacro, which produces a list of all the defined macros in all open workbooks.
When you click on the name of a macro, the corresponding macro is executed.
However, there are quite a few more elegant methods available: You can link a
macro to an arbitrary (new) tool in the toolbar, to a menu item, or to a keyboard
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shortcut Ctrl+ letter. The macro is executed when you choose the menu item, click
on the tool, or type the keyboard shortcut. Macros implemented in this way can
save a great deal of effort, as shown in the examples that appear in the following
section.

There is even the possibility of having macros execute automatically when
certain events occur. Excel knows about a large number of such events, such as a
change in the active worksheet, the recalculation of a worksheet, and saving a
workbook. Event procedures will be dealt with in detail in Chapter 4.

Programs

Many users of Excel, even those who have already created macros, are ready to
tear out their hair when they hear the term “programming.” One frequently hears
the following opinion expressed: “Programming? That is something for computer
professionals, for that you need an advanced degree.” But relax! You are, in fact,
already a programmer by virtue of having created your first macro, even if it is
only three lines long. In principle, every macro is a program.

In this book the notion of a program will be construed for the most part some-
what more broadly. By a program we will mean a freestanding Excel application,
distinguished in general by having its own menu commands, forms, and, usually, a
large number of macros. This book will take you from the baby steps of your first
macro (in this chapter) all the way to the giant steps of substantial programs.

What Is Visual Basic for Applications?

Visual Basic for Applications (VBA) is a macro programming language. With VBA
you can automate Excel applications or simplify their use. The possibilities for
using macros are so numerous and varied that you can create completely free-
standing programs that can hardly be recognized as Excel applications. In this
chapter you will find some introductory examples of simple macros.

Historical Note

Excel’s XLM macro language arose originally from the desire to define new work-
sheet functions and to collect frequently occurring commands into a unit (into a
macro, that is). Furthermore, to make Excel applications as easy as possible to
use, XLM made it possible to alter menus and to define custom forms. The fact
that Excel offers a large range of functions meant that by the time of Excel 4 a
rather confusing macro language had developed.

To be sure, this macro language made possible almost unlimited program-
ming of all Excel functions, though many programming problems could be solved
only in a rather convoluted way. The programs that resulted were generally sub-
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ject to error, and they often ran slowly. In large projects the limitations of this
macro language became clear. Those who simultaneously used several Microsoft
programs (Excel, Word, Access) were faced with the further problem that each
program came equipped with its own macro language.

Because of all these shortcomings, Microsoft decided to develop a completely
new macro language, designed first and foremost for Excel, but which by now has
been integrated into all components of the Microsoft Office suite.

Special Features of VBA

¢ Unlike earlier macro languages, VBA is a complete programming language:
VBA recognizes all variable types that are found in “real” programming lan-
guages, and it can handle such macho tasks as working with character
strings, managing dynamic fields, and employing recursive functions.

* VBA is object oriented: Among the objects are to be found selected ranges of
cells, worksheets, and charts. Typical characteristics of such objects—such
as the orientation of cell contents, the background color of a chart—are set
by means of manipulating their properties. Thus, properties are predefined
keywords intended for the manipulation of objects. In addition to proper-
ties there are methods, which are used for executing complex operations,
such as creating objects (new charts, pivot tables, for example) and deleting
existing objects. Methods can be most nearly compared with XLM com-
mands. The essential difference is that a method can be applied only to
those objects that support that method.

¢ VBA is event oriented: Choosing a menu entry, clicking on a button or tool,
results automatically in a call to the associated macro. As programmer you
need not be concerned with the management of events, but only with
creating macros, which then are called independently by Excel.

* VBA places professional assistance for debugging at your fingertips: Pro-
gram segments can be run in step mode, while the contents of variables are
examined. The execution of the program can be interrupted when particu-
lar conditions are met.

¢ VBA is extensible: In every VBA dialect one can make use of objects belong-
ing to other applications. For example, it is possible in an Excel VBA pro-
gram to use keywords (in computer jargon, the object library) from Access
or Word. With add-ins you can create new Excel functions and objects. If
you have access to Office Developer or the stand-alone programming lan-
guage Visual Basic, you can even create ActiveX components, by means of
which Excel is almost infinitely extensible.
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* Integrated in VBA are form (dialog) and menu editors. The management of
forms is handled in the same object- and event-oriented way as the man-
agement of Excel objects.

Drawbacks

After describing the advantages of VBA you may have received the impression
that with VBA you have landed in programmer’s nirvana. That, however, would be
an erroneous assessment of the situation. VBA has many advantages, but it has,
alas, a number of drawbacks:

» The VBA language is quite large, and it is therefore difficult to obtain a
broad overview of it. With well over one thousand keywords (without
counting the predefined constants), VBA programming far exceeds the size
that programmers previously had to deal with. In searching for a suitable
method or property for a specific task you could end up missing both your
dinner and next morning’s breakfast.

¢ VBA programs are long-winded in their formulation. If you were to record the
same macro once as an XLM macro and again as a VBA macro, you would
find that the VBA code is on average at least fifty percent larger than the XLM
code. (There is no dispute, however, that the VBA code is easier to read!)

Linking a Custom Style with a Tool

In our first example we shall begin by defining a style. (A style gathers together a
collection of format information such as font, alignment, border, and color. Styles
can be used for formatting cells.) Then we shall record a macro that assigns this
style to selected cells. Then a new tool will be added to the toolbar, which will be



linked to this macro. We will then be able to format previously selected cells with
the style that we have defined by clicking on the new tool.

NOTE All the examples in this chapter can also be found in the example files
athttp://waw.apress.com: Introl.xls, Intro2.xls, efc.

Before You Begin
We begin with two tips that will simplify your programming with Excel 2000:

* A new feature of Office 2000 that drives every user to despair is dealing with
menus: In the default settings, only the most important menu items are
shown, which, moreover, appear only after some time. To bring this non-
sense to an end, execute View|TooLsars|CustoMiZE, click on the OpTioNs tab,
and there deactivate the option MENUS SHOW RECENTLY USED COMMANDS. From
now on the full menus will be shown in all your Office applications.

* In the VBA development environment (which you may invoke by pressing
Alt+F11) there are also some options whose preset values are a bit weird.
You can reach the options form (dialog) by executing Toots|Options.

¢ When you get there, deactivate Auto Syntax CHEck. (Syntax will still be
checked; lines containing errors will be marked in red. But you will be spared
the burdensome announcement of the error accompanied by a beep.)

¢ Then activate the option Require VariaBLE DecLaraTION. (Extensive justifica-
tion for this will be given in the first section of Chapter 4.)

* In the dialog page GeneraL deactivate CompILE ON DEMAND (see Section 3.2).

¢ Finally, on the page Docxine deactivate all of the options fields. (You will
thereby obtain the result that in the development environment you will be
able to place windows on top of each other. In the default setting the envi-
ronment behaves as in Windows 1.0—and one would have thought that
those times were long gone!)

Step 1: Definition of the Custom Style “Result”

We would like cells that contain an (intermediate) result of a calculation to look as
follows:

Font: Arial, 14 point, bold
Border: double line below
Number format: two decimal places

Writing Your First Macro
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If you wished, you could, of course, choose other formatting characteristics.
The only point of the particular choice in this example is to define a new uniquely
recognizable style.

To define a style, open a new workbook by executing FiLeINEw, type a number
in an arbitrary cell, and format this cell according to the characteristics given
above. Then execute the command Format|StyLE. In the dialog that appears give
the style the name “Result” and click first App and then OK.

Figure 1.1. Defining a new style

Step 2: Recording a Macro

We would like the steps that we have just taken to format a test cell to be car-
ried out in the future by a macro. Why should we have to do all the work? For
this to happen we must first record these steps with the macro recorder. Move
the pointer into a new cell and input a number (in order to verify the result).
Terminate input by hitting Return, and move the pointer if necessary back into
the cell that you have just altered. Now select the command ToorsIMacrolRECORD
New Macro, and give the macro the name “FormatAsResult” (see Figure 1.2).

As soon as you click on OK, Excel begins to record your new macro. Format
the currently active cell with the style “Result” (just as you did at the end of Step 1
when you were testing the new style). Terminate the recording of the macro with
TooLsIMacrolStop RECORDING or by clicking on the small square that appeared on
the little “Stop Recording” tool window that opened when you started recording.



Figure 1.2. Form for recording macros

Now you can view the code of the completed macro by hitting Alt+F11 to
switch into the development environment and there examining “Modulel.” (This
module was created automatically during the recording of the macro. If “Mod-
ulel” already exists, then Excel creates a new module with the name “Module2.”)
The new module will look something like the following:

Sub FormatAsResult()

' FormatAsResult macro

' Macro recorded 2/25/2000 by David Kramer
Selection.Style = "Result”

End Sub

We would now like to test the new macro. Return to your worksheet, input a
number into an arbitrary cell, and terminate input by hitting Return. Execute
TootsIMacroiMacros and select the macro “FormatAsResult.” Excel executes your
macro, and the cell should appear in the now familiar format.

Step 3: Defining a New Tool

In order to make the macro easier to summon when you need it, we would like to
create a new toolbar. On this toolbar we will place a tool to invoke our macro. Ex-
ecuting ViewlTooLsarsICustomize in Excel (not the VBA editor) brings up the form
that we require. By pushing the button labeled New after clicking the TooLsars tab,
you create a new empty toolbar, which for this example you can name “Introl.”
Now click on the CommanDs tab in the Customize form. Select the category “Mac-
ros” and then with the mouse drag the command “Custom Button” into your new
toolbar.

Writing Your First Macro
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Figure 1.3. The form for changing menus and toolbars

Now the new tool must be modified and correctly labeled. Furthermore, it
must be set to point to our macro FormatAsResult. These steps are accomplished
by clicking on the tool with the right mouse button. (The Customize form will re-
main open during this operation.)

Figure 1.4. Modifying a tool

The label is changed in the field Name. For example, you could give it the
name “Style Result.” (This text will appear in a yellow information field whenever
the user pauses momentarily over the tool with the mouse.) Assigning the tool to
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a macro is accomplished by clicking on Assion Macro. This opens a form in which
are shown all the macros available to you. Select “FormatAsResult” and click OK.

Step 4: Modify the Tool to Your Specifications

Since you will probably forget after a few days the precise meaning of the default
smiley face tool, you should find a suitable graphical representation for the func-
tionality of the tool. In the pop-up menu that you obtained by clicking on the new
tool with the right mouse button you may select Epit BurTon IMAGE to enter a sim-
ple image editor. There we shall try to represent the formatting features of the
style (boldface, double underline) on our button.

Figure 1.5. Button editor

Deleting the New Toolbar

When you have finished with this example, your new tool will probably be in your
way. With View|Toorsars|CusTomizE you can select the new toolbar and delete it.

Remarks for Advanced Users

Although our example was quite simple, it raises some interesting problems. One
cannot simply save all the information of this example (the definition of the style,
the new tool, and the macro) in a workbook in such a way that another Excel user
can use the new tool for formatting cells in his or her own spreadsheet. Even if
they want to use the button only to format a cell in another workbook, they will
get an error message. The reasons are these:

13
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* Styles apply to a single workbook, and cannot be easily transferred to other
workbooks. (The macro could, of course, be modified so that it first copies
the style into the other workbook. But that would go beyond the bounds of
a simple introductory example.)

¢ Tools are normally saved in their own file and belong to Excel’s own config-
uration data. (Under Windows NT, Windows\Profiles\username\Application
Data\Microsoft\Excel\Excel.xlb is used. Details as to the locations of the con-
figuration files can be found in Chapter 5.)

¢ The newly defined tool is available only if you log in under your own name.
Other users of the same computer can use the new tool only if you link the
toolbar to the workbook: To do this you execute in Excel the command
Viewl|TooLearsICustomizelATtacH for the toolbar in question.

The sample file Intro1.x1s contains two procedures in the module “ThisWork-
book” that deal with automatically showing the toolbar when the file is opened
and removing it when the file is closed. We will not go into more detail in this in-
troductory example. Detailed information on event procedures and on dealing
with custom menus and toolbars can be found in Chapters 4 and 8.

A New Tool for “Full Screen” Mode

Full screen mode exists for the purpose of allowing optimal use of the your moni-
tor’s valuable real estate. This is particularly useful when you are working with a
small monitor or with a notebook computer. One minor irritation associated with
this mode, though, is the fact that Excel can no longer be directly shrunk to an
icon (for instance, to change to another program). Thus it is necessary first to
deactivate full screen mode before the “Minimize” button on the Excel window
again appears. It would be desirable to have a macro to accomplish this task, so
let us create one.

Step 1: Record the Macro

Before recording the first draft of this macro, activate full screen mode (ViewlFuLL
Screen). Open the “record” dialog by executing ToorsIMacrolREcorD NEw Macro.
This time store the macro in “Personal Macro Workbook.” Give the macro the
name FullScreen_Icon.



While the macro recorder is running, turn off full screen mode, minimize
Excel to an icon in the Task toolbar, and then enlarge it again to its normal size by
a mouse click. Finally, stop recording by executing ToorsIMacrolStor RECORDING or
click the square Stop button.

The resulting macro is located in the personal macro workbook, which be-
longs to the Excel configuration files. (Under Windows NT this file is saved as
Windows\Profiles\username\Application Data\Microsoft\Excel\Xlstart\Personal.xls.
Details on configuration files are discussed in Chapter 5.8.)

The code belonging to this workbook is shown in the development environ-
ment, but in Excel the file is invisible, since its window is hidden. (You can make
the empty worksheet visible by executing Winpow|UN#IDE, but this is seldom nec-

essary.) The macro that you have just recorded looks something like the following:

' Sample file Intro2.xls

Sub FullScreen Icon()

' FullScreen_Icon Macro

' Macro recorded 2/27/2000 by David Kramer
Application.DisplayFullScreen = False
Application.WindowState = xIMinimized
ActiveWindow.WindowState = x1Normal

End Sub

The second-to-last line of this macro enlarges Excel to its normal window
size. Since macro recording can be stopped only when Excel is visible, recording
this line was unavoidable. However, it is not part of the intended purpose of the
macro, which is to shrink Excel to an icon. Therefore, this line must be deleted
manually.

Step 2: Defining a Tool

To make this macro easy to run, you will create a new tool (see also Steps 3 and 4
of the previous example). You can add the new tool to an already existing toolbar,
or you can define a new toolbar. Finally, link the macro FullScreen_Icon that you
have recorded to the tool, as in Figure 1.6.

Pichure
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Figure 1.6. A tool for shrinking Excel to an icon
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Test the new tool by first putting Excel in full screen mode and then clicking
on the new tool. Excel should collapse into an icon.

Step 3: Improving the Macro

In its present form the macro can be used only to shrink the window to an icon.
This is, to be sure, practical when Excel happens to be in full screen mode, but is
otherwise unnecessary, since then the minimize button at the right end of the
window’s title bar is available. Therefore, it would make more sense to have the
macro take over a second function, namely, switching into full screen mode.
Adapt your macro according to the following model:

Sub FullScreen_Icon()

If Application.DisplayFullScreen Then
Application.DisplayFullScreen = False ‘deactivate the mode
Application.WindowState = xIMinimized ‘'shrink the window

Else
Application.DisplayFullScreen = True 'full screen mode

End If

End Sub

Now the macro tests whether Excel is currently in full screen mode. If that is
the case, then Excel shrinks to an icon (and thereby deactivates full screen mode}).
Otherwise, this mode is activated. In the macro this case differentiation is accom-
plished by means of an If-test: After the keyword Ifa condition is formulated. If
the condition is met, then the program line appearing after Then is executed.
Otherwise, the line after Elseis executed. The end of the test is indicated by End If.

Saving the Personal Macro Workbook

When you exit Excel, you will be asked whether you wish to save the personal
macro workbook (you should do this if you wish in the future to use the macro
that you have recorded). The file Personal.x1s will now be automatically opened
every time the program is launched, and thus all macros defined there will be
available for use.

Remark for Advanced Users

In the previous example program the keyword Application together with the pe-
riod following could have been omitted. When an object is not specified in nor-
mal modules, Excel automatically assumes Application as the default object.



Writing Your First Macro

In order for you to be able to try out the example without difficulty, it has
been saved in the file Intro2.x1ls. The toolbar “Intro2” is linked to this file, and it
will be shown automatically when the file is loaded.

A Macro for Simplifying Input

In inputting data in tabular form it frequently happens that the number or text to
be input into a cell is exactly the same as what was input into the cell immediately
above it. Excel offers a variety of possibilities for copying into the cell below, but
all of them require either using the mouse (which is a nuisance when you are
using the keyboard for data entry) or engaging in elaborate movement of the
arrow cursors. It makes sense, then, to create a macro that can accomplish such
copying with a simple keyboard combination (for example, Ctrl+K).

Preparatory Tasks

Excel can distinguish in macro recording between absolute and relative move-
ment between cells:

* Absolute recording is the default mode. When you move the cell pointer
during recording from B2 to D4, say, the resulting command is
Range(“D4”).Select.

¢ In relative mode, however, the command would be ActiveCell. Offset(2,
2).Range(“Al1”).Select. Here ActiveCell.Offset(2,2) denotes the cell two rows
beneath and two columns to the right of the currently active cell, while
Range(“A1”) refers to this new address.

The differences between these two variants become apparent when the mac-
ros are executed. In the first case cell D4 will always be involved, irrespective of
where the cell pointer is located. In the second case the affected cell is to be
chosen relative to the current cell.

Since Excel 97 there has been no menu command for switching between rela-
tive and absolute recording. Instead, one must click on the ReLATIVE REFERENCE tool
in the “stop recording” toolbar. This toolbar appears automatically when you
begin recording a macro. If the tool appears as a pressed-in button, then relative
recording is in effect, otherwise, absolute. The mode can be changed during the
recording process. For the macro to be created in this section relative reference is
necessary.

17
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Figure 1.7. The button on the right toggles between absolute and relative recording

Recording the Macro

Before you begin recording the macro, prepare the table: Input some text into a
cell, and then move the cell pointer into the cell immediately below.

Begin recording by executing Toors|Macro|Recorp New Macro, giving the
macro the name CopyFromCellAbove. Then select as shortcut key Ctrl+K, and in-
dicate that the macro is to be stored in the personal macro workbook. Finally, se-
lect relative recording mode if it has not already been selected. This mode is nec-
essary for this macro because it should function for an arbitrary cell in the table
(and always copy the cell above relative to the cell pointer).

While the recorder is running, execute the following keyboard entries and
commands: Shift+ T (this selects the current cell and the cell lying above it),
Epir|Fii{Down (this copies to the cell below), and finally, — (to move the cell
pointer to the next cell to the right, where the next input can be made). End the
recording with TooLs|Macro|Stor RECORDING.

The following Visual Basic macro can now be found in the personal macro
workbook:

' Intro3.xls
Sub CopyFromCellAbove()
ActiveCell.Offset(-1, 0).Range("A1:A2").Select
ActiveCell.Activate
Selection.FillDown
ActiveCell.Offset(0, 1).Range("A1").Select
End Sub

If you now try out the macro, you will see that while in principle it runs, the
cell pointer ends up one cell too high, to the right of the cell above rather than the
cell below. There seems to be a slight contradiction between the recorded com-
mands and the resulting code (that is, the automatic macro recorder has not
functioned flawlessly). You can get around this shortcoming by changing the first
Offset value in the last line of the macro as follows:

ActiveCell.Offset(1, 1).Range("A1").Select



A Simple Literature Database

The following example is already a fairly concrete application (if perhaps still a bit
elementary). It is located in the sample files under the filename Intro4.x1s.

This workbook (or “program”) makes possible the management of a collec-
tion of books, perhaps, for example, a small library. The list of books can be arbi-
trarily enlarged, sorted by title or by author, selected according to one or another
of several criteria (for example, only books on the courting behavior of sea ur-
chins), searched by subject, and so on. The use of the application is simplified by
several buttons, so that to search for a book or to enlarge the database requires no
Excel-specific knowledge.

Step 1: Preparing the Database, Arranging Windows

The construction of this application begins with the input of data on several
books and constructing a table along the lines of Figure 1.8. This has nothing
much to do with macro programming. It is merely a matter of constructing a nor-
mal Excel table. For now you should ignore the buttons and filter arrows.

{If you prefer, you could just as well create an address database, an index of
students, or something else entirely. You do not need to adhere precisely to our
presentation. The more creatively and independently you work, the more you will
learn.)

Some suggestions for formatting the table: All cells of the table have been for-
matted with the text aligned vertically at the top of the cell (FORMAT|CELLS|ALIGNMENT).
The cells in the title column have been given the attribute “wrap text” so that
longer titles will automatically be displayed over several lines. The top two rows
have had their height significantly enlarged. The entire second line has been for-
matted with a light gray background (Formar|CELLS|PATTERNS).

A comment is stored in cell C2 (content: Category). (Comments are input by
executing INsErT|CoMMENT. Beginning with Excel 7 comments are automatically
displayed when the mouse is passed over a cell containing a comment.) The com-
ment in cell C2 will be used to explain the category code: N=novels, C=computer
books, etc. Cells in which a comment is stored are marked with a red triangle in

Writing Your First Macro
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the top right-hand corner. If this triangle is not shown, execute
ToovslOpTIONSIVIEW, and activate the option “Comment indicator only.”

Figure 1.8. A simple database application

Some tips for arranging windows: The window was divided horizontally and
arranged so that in the top region of the window the name of the database (two
fairly high rows) is visible (WinpowlISpLiT; arrange the dividing cross with the
mouse, and fix it with Winpowl|Freeze Panes). With ToorslOprionslView you can turn
off the labeling of the row and column headers as well as the display of gridlines,
the horizontal scroll bar, and the sheet tabs.

You do not need to inform Excel that it is dealing with a database. For Excel to
recognize the database you have merely to move the cell pointer anywhere in the
database. In Excel any connected range of cells is considered a database.

Therefore, you can immediately try out the database commands, such as
sorting the table by a particular criterion (author, title, year of publication).
Simply execute DatalSort. Another important database command is Dara: This
opens a form for entry and editing of data.



Step 2: Equipping the Database with Filters

With the command Dara|Frurer|AutoriLter small filter arrows in the table's title
cells are shown. When you click on these arrows with the mouse you can select fil-
ter criteria, such as a particular publisher or a publication year. The database will
then display only those data that meet this criterion. To indicate that not all data
are visible Excel turns the filter arrow blue. Several filtering criteria can be com-
bined (such as all books of publisher x published in year y). You can even establish
criteria such as showing all books that were published between 1980 and 1990 (a
user-defined criterion).

Step 3: Buttons and Macros

As an experienced user of Excel you have presumably not had any problems using
the database in its current configuration. Using the menu bar you can sort data
according to chosen criteria, you can input and edit data, and so on. However, if
you would like someone who is a total Excel novice to be able to use the database,
then you need to make the interface a bit more user friendly. In the current exam-
ple buttons have been added to the table that make it possible to execute the
most important functions without a long search through the menu bar. (Of
course, there are other possibilities for setting up the controls, such as a menu
from which all but the truly important items have been deleted.)

To add buttons you activate the “control toolbox.” (The control toolbox is
part of the toolbars available for Excel. It can be shown using menu command
View|Toorsar.) Then click on the “Command Button” tool, and with the mouse click
in the worksheet to insert the button. (This will automatically activate design mode,
which enables further work on the button.)

Now comes the formatting of the button. In the pop-up menu obtained by
clicking on the new button with the right mouse button choose CommannBurToNn
Osject|EDIT. Ctrl+Return begins a new line, Esc terminates input.

All other properties of the button are entered via a properties window (Figure
1.9), which can be summoned either by using the button’s pop-up menu or by
clicking on the “properties” tool. There you should enter the following properties:

* Name: Give the control a meaningful name, such as btnSort for “sorting
button.”

* Font: Enlarge the font size to 10 points and choose the attribute “bold.” You
do this by clicking in the “font” field, which enables a button that if pressed
opens a window in which font attributes can be edited.

» ForeColor: If you like buttons with a bit of pizzazz, here you can select a dif-
ferent text color.

Writing Your First Macro

21



Chapter 1

22

 TakeFocusOnClick: Select the property False, so that the VBA code will be
correct. (More on this in Chapter 7.)

Figure 1.9. left: The control toolbox; middle: the table window; right: the properties
window with settings for the selected button

Now the buttons have to be linked to the program code. A double click on the
button takes you to a template in the module “Sheetl” for an event procedure
that will be automatically executed when the button is pressed. The name of the
procedure is a combination of the control name (such as btnSortAuthor) and the
event (usually Click).

' Intro4.xls, Module "Table1"
Private Sub btnSortAuthor Click()
End Sub

The program code is recorded as in the previous examples. You then move the
resulting instructions with Copy and Paste from the recorded module into the
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code template. If you have just been working on the example in the previous sec-
tion, then “relative recording” mode is still active. You should be sure to deactivate
it before recording.

Now onward to the content of the macro! For the two Sort macros first click
cell A2, then execute DatalSorr, and enter the desired sort criterion in the dialog
(author or title). For data entry place the cell pointer once again in A2 and select
DatalForm. Before you can record the macro Dispray ArL Data, you must choose
some filtering criterion (for example, show all books published before 1993). That
is, the command DaralFiLTerISHow ALl is available only when at least one filtering
criterion is active.

For the Save macro simply execute the command FiLelSave. The macro
DaraSearcH must be input directly into the module via the keyboard (see below for
the code). The macros should look something like this:

' Intro4.xls, "Table1"
' Sort by Author
Private Sub btnSortAuthor Click()

Range("A2").Select ‘

Selection.Sort Keyli:=Range("A3"), Orderl:= _
xlAscending, Header:=x1Guess, OrderCustom:=1, _
MatchCase:=False, Orientation:=x1TopToBottom

End Sub
' Sort by Title
Private Sub btnSortTitle_Click()

Range("A2").Select

Selection.Sort Keyl:=Range("B3"), Orderl:= _
x1Ascending, Header:=xlGuess, OrderCustom:=1, _
MatchCase:=False, Orientation:=x1TopToBottom

End Sub
'Show Database Form, Click on "New"-Button
Private Sub btnInput_Click()

Range("A2").Select

SendKeys "%w"

ActiveSheet.ShowDataForm

End Sub

' Show Search Form

Private Sub btnFind_Click()
SendKeys "Af"

End Sub
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' Show All Data Records

Private Sub btnShowAll Click()
On Error Resume Next
ActiveSheet.ShowAllData

End Sub

' Save

Private Sub btnSave_Click()
ActiveWorkbook.Save

End Sub

NOTE In order to try out the buttons you must exit design mode (the first
tool in the “Control Toolbox” toolbar).

Remarks for Advanced Users

Clicking cell A2 during the recording of a macro (it could be any cell in the range
of the database) is necessary, because the database commands function only
when the cell pointer is located within the range of the database. Since later the
buttons will also be able to be pressed when the cell pointer is located elsewhere,
at the beginning of the macro it must be placed explicitly in the range of the data-
base.

In the macro btnInput_Click the SendKeys command must be inserted. It sim-
ulates the keyboard input Alt+W, by which in the dialog for the database form the
button New is selected. This prevents the user from accidentally overwriting an
existing entry. (Because of the not quite plausible operation of the database form
this happens almost inevitably the first time.)

The order of the commands SendKeys and ShowDataForm seems illogical. It
would appear as though first the form should be opened, and then the keyboard
entry simulated. However, the command SendKeys merely has the function of
placing the key combination Alt+W in a keyboard buffer, where (at some later
time) it is made use of by Windows. If SendKeys appeared below ShowDataForm in
the macro, then Excel would wait to execute SendKeys until the input in the data-
base form was complete—and that, of course, would be too late.

The macro btnFind_Click also uses SendKeys, for invoking the SearcH
dialog. It would certainly be possible to show the dialog with
Dialogs(xIDialogFormulaFind).Show, but it is not possible actually to find data.
(The search is limited for unexplained reasons to the current cell.) This problem
has been around since version 5!
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Finally, an explanation of the macro btnShowAll_Click is necessary, in which
the instruction On Error Resume Next may have caught your attention. This in-
struction has the effect of continuing the execution of the macro in the next row
without an error message when an error occurs. In this macro an error can easily
occur, namely, whenever the user clicks on the button DispLay AL Dara when no
filtering criterion is active.

A Form for Computing Interest in a Savings Account

Our next, and second to last, example of this chapter demonstrates that the de-
sign of a custom application is not inevitably associated with programming. In
the table exhibited in Figure 1.10 there is a field with a yellow background in
which four parameters can be entered: yearly interest rate, monthly deposits, day
of first deposit, time during which the account is to run (saving time). The table is
so constructed that the account can be set to run for at most six years.

From this input Excel calculates the date of the last deposit, the date the ac-
count terminates, the monthly interest, the crediting of interest, and the final
total savings. Furthermore, Excel generates a table with monthly accrual of inter-
est and balance, so that one can easily determine the balance at any time during
the saving time.

The table can be used, for example, by a bank as the basis (and as promo-
tional material) for convincing prospective customers of the value of opening a
savings account. Creating a table tailored to the profile of a given customer can be
accomplished in seconds. Finally, the table can be displayed in a suitable format.

NOTE This example can be managed without macro programming, instead
of being based on rather complex IF expressions. If you have difficulties with
IF expressions, then see the information in the first section of Chapter 9.

The Model for the Table of Interest

The table is set up with a four-celled input region in which for simplicity of orien-
tation input values have already been placed:

E5 (annual rate of interest): 6%

E6 (amount of each deposit): $100
E7 (first payment date): =TODAY()
E8 (time of savings): 1 year
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Figure 1.10. Interest on monthly deposits

From these data three results will be computed: the date of the last deposit (n
years minus 1 month after the first deposit), the end of the savings time (1 month
thereafter), and the monthly rate of interest.

The determination of the date demonstrates the use of the DATE function, by
which a valid date is created from the data (year, month, day). The DATE function
is quite flexible: DATE(1997,13,1) results 1/1/1998, DATE(1998,2,31) in 3/3/1998,
DATE(1998,-3,-3) in 8/28/1997. It can be used almost without thinking; invalid
month and day inputs are automatically translated into meaningful ones. The
monthly rate of interest is simply one-twelfth of the annual rate (which yields an
effective rate of -1 + (1 + 0.06/12)A12 = 0.06168, or 6.168%).

E10 (last deposit): =DATE(YEAR(E7)+E8, MONTH(E7)-1, DAY(E7))
E11 (end of account): =DATE(YEAR(E7)+E8, MONTH(E7), DAY(E7))
E12 (monthly interest rate): =E5/12

E15 (effective annual interest rate): =(1+E12)A12-1

The actual results of the table—the amount of interest credited to the account
and the final balance—result from the monthly table in the bottom area of the form
(B17:153). The crediting of interest comes from the sum of all the monthly interest



payments, while the final balance is derived from the largest entry to be found in
the two balance columns. (Since the length of the table depends on the length of
time the account runs, there is no predetermined cell in which the result lies).

E13 (total of interest payments): =SUM(D17:D53, H17:H53)
El4 (final balance): =MAX(E17:E53, 117:153)

We proceed now to the monthly table, whose construction involves the great-
est difficulties with formulas. For reasons of space the table is conceived as having
two columns. Thus the whole table, up to a savings time of six years, can be
printed on a single sheet of paper.

The first row of the table is trivial and refers simply to the corresponding cells
of the input region. In the interest column the initial value is 0, since at the time of
the first deposit no interest has been credited.

B17 (date): =E7

C17 (deposit): =E6
D17 (interest): 0
E17 (balance): =C17

With the second row the general formulas begin, which after once being en-
tered by typing in or copying are distributed to the entire table. Of significance
here is that while formulas appear in every cell of the table, they should be shown
only in a certain number of cells determined by the length of time the account
runs. In the remaining cells the formulas must know that the savings time has
been exceeded, and therefore give as a result an empty character string *.

In the date column is tested whether the cell above contains a date (that is, is
not empty) and whether this date is earlier than the date of account termination.
If that is the case, then the new date is calculated by adding one month. In the de-
posit column is tested whether there is a date in the date column of the previous
month. If that is the case, then the monthly deposit amount is shown, while
otherwise the result is “”. The previous month test is therefore necessary, because
in the last row of the table (account termination) there are no further deposits,
but a final crediting of interest.

The date test occurs in the interest column as well. The formula returns the
previous month’s balance multiplied by the monthly interest rate, or else “”. In
the balance column are added the previous month’s interest and the deposit of
the current month.

B18 (date): =IF(AND(B17<>""B17<$E$11),
DATE(YEAR(B17),MONTH(B17)+1,DAY(B17)),””)

C18 (deposit): =IF(B19<>"",C17,”")

D18 (interest): =IF(B18<>""E17*$E$12,””)

Writing Your First Macro
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E18 (balance): =IF(B18<>"",SUM(E17,C18:D18),””)

Note that during formula input some of the cell references ($E$11, $E$12)
are absolute. Otherwise, there will be problems in copying or filling in cells.

The formulas given for one row can now be copied downwards by filling in.
Select the four cells B18:E18 and drag the small fill handle (lower right corner of
the cell region) down to cell E53.

Excel’s fill-in function is not capable on its own of adapting the formulas in
such a way that the table will be continued in the second column. However, you
can give it a bit of help by filling in the formulas of the first column for two more
cells (to E55) and then shifting the region B54:E5 to F17 (select the cells and drag
on the selection boundary with the mouse). Finally, you can fill in the second col-
umn with formulas just as you did the first.

Table Layout, Cell Protection, Printing Options

With the development of the formulas we have accomplished the most difficult
task in our project. Now the table must be formatted in such a way that it presents
a pleasing appearance (small, 8-point, type for the table of months, border lines,
number and date formatting, alignment, background color for the input field, for
example). With Toors|OpTionsIView you can deactivate the display of gridlines, row
and column headers, horizontal scroll bar, and sheet tabs.

Now execute FiLEIPrINT PrEVIEW to see whether the table fits well on the page.
If necessary you can adjust the height and width of individual rows and columns
to obtain a better use of the space on the page. With the Lavour button (or the
menu command FiLelPace SETup) you can adjust the headers and footers (best is
to select “none”) and under the Marcins tab select vertical and horizontal center-
ing on the page.

Next you should protect your table against accidental changes made by the
user. To do this, first select the input region and for these cells deactivate the op-
tion “Locked” (pop-up menu Formar CeLLsIProTECTION). Then protect the entire
table (with the exception of the cells just formatted) using ToorsIProTECTIONI
Protect SHEET. In the dialog that appears do not give a password.



Validation Control

The four input cells have been protected against erroneous input. This was ac-
complished with DatalVaLipation, where the desired data format, validation rules,
short information text, and a text for an error message (in the case of invalid
input) were formulated. The possibility of formulating validation rules has existed
since Excel 97.

Figure 1.11. Formulation of validation rules for the interest table Templates

Templates

The table has now reached the stage where it can be used effortlessly: The user
has merely to edit the four input areas and can then print out the result. To main-
tain the table in this condition and prevent it from being altered accidentally, save
it with FiLelSave As in Template format in the directory 0ffice2000\0ffice\X1start
(global) or Windows\Profiles\username\Application Data\Microsoft\Templates (user-
specific) or Windows\Application data\Microsoft\Templates.

Templates are Excel files that serve as models for new tables. The user opens
the template, changes certain information, and then saves the table under a new
name. Excel makes sure autoratically that the user gives a unique file name and
does not overwrite the master template file with changes. In order for Excel to rec-
ognize templates, they must be saved in a particular format (filename *.x1t) and
in a particular place (see above).

Writing Your First Macro
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User-Defined Functions

The previous example has shown how a table can be made “intelligent” by the in-
clusion of some fairly complicated formulas. The use of formulas as in the pre-
vious example soon runs up against certain limitations—the formulas become
too long and unmanageable. You can avoid this problem by defining new func-
tions yourself. However, your own functions can execute tasks that cannot be ac-
complished by formulas—such as changing a number into text (such as the
number 12.34 into the character string “one two point three four,” which is some-
times necessary, for example, in the preparation of checks in a payroll program.

The definition of one’s own functions presupposes a fairly deep knowledge of
VBA programming. The recording of macros is unfortunately unsuitable for this
purpose, since here what is at issue is a calculation and not a sequence of com-
mands. The following examples are actually quite simply constructed and should,
in fact, be comprehensible without knowledge of programming.

Our first function will compute the area of a circle. Before you can use this
new function in a table, you must input the code into a module sheet. Therefore,
open a new workbook, and execute INserTIMODULE.

' Example file Intro6.xls
Function CircleArea(radius)

CircleArea = radius ~ 2 * Application.Pi
End Function

The keyword Function introduces a procedure, as did Sub in the earlier exam-
ples. The difference is that a Function procedure can return a value. For this rea-
son the function name CircleArea in the second line is linked to the result of a cal-
culation. The term radius is a parameter of the function. If you input the formula
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=CircleArea(5) in a worksheet, then Excel executes the function and automatically
substitutes for the parameter radius the value 5. With Application.Piyou access
the number 3.1415927.

Now we proceed to our second function, which is somewhat more useful: It
calculates the product of unit price and number of units, and if at least ten units
are ordered, it computes an automatic discount of five percent. To deal with this
special case an If statement is included.

Public Function Discount(unitprice, pieces)
If pieces >= 10 Then
Discount = pieces * unitprice * 0.95
Else
Discount = pieces * unitprice
End If
End Function

NOTE Normally, user-defined functions are provided for more demanding
calculations. Details for programming user-defined functions are dis-
cussed in Chapter 5, in the section on user-defined worksheet functions.

Analysis of Complex Tables

As an Excel user you are frequently confronted with complex worksheets that you
yourself did not create, or if you did, it was so long ago that you do not remember
how you constructed them. It is generally difficult to orient yourself in such work-
sheets. It is unclear which cells represent the results of which inputs, which cells
are the results of formulas, and so on. The tools provided by the “Auditing” toolbar
are, of course, helpful, but they are not quite suitable for our initial orientation.
The macro that we will present here takes over this task: It analyzes all cells in the
active worksheet. Character strings will be turned blue, formulas, red. (Of course,
we could also investigate other aspects of the contents of the worksheet or pro-
duce other formatting, but we have enough on our plate as it is.)

This macro has the distinguishing feature, among others, that it cannot be
created with the macro recorder—there are no comparable functions in Excel.
The programming of a macro in this way thus requires a relatively extensive
knowledge of Excel’s object library and, in particular, knowledge of how to manip-
ulate cells (see the first section of Chapter 5.1).

The program code begins with a test of whether the active page is a worksheet
(it could be a chart). TypeName returns the name of the object type, for example,
Worksheet or Chart. If a worksheet is present, then for the sake of speed, auto-
matic recalculation and refreshing the screen are temporarily turned off. Finally,
all used cells are analyzed in turn, as follows.
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With HasFormula it can be simply determined whether the cell contains a
formula. With TypeName(c.Value)="String” character strings are recognized. (With
similar tests you can determine the presence of dates or currency values, e.g.,
$2.50.) For formatting purposes the Color property of the Font object of the cell
being examined is altered.

' Intro7.xls
Sub AnalysisWorksheet()
Dim c As Range ‘cell
If TypeName(ActiveSheet) <> "Worksheet" Then Exit Sub
Application.Calculation = x1CalculationManual
Application.ScreenUpdating = False
For Each ¢ In ActiveSheet.UsedRange
If c.HasFormula Then
c.Font.Color = RGB(192, 0, 0)
ElseIf TypeName(c.Value) = "String" Then
c.Font.Color = RGB(0, 0, 192)
Else
c.Font.Color
End If
Next
Application.Calculation = x1CalculationAutomatic
Application.ScreenUpdating = True
End Sub

1

RGB(0, 0, 0)

A Vocabulary Tutor

For the last example of the chapter we are going to have a bit of fun. This program
will be an assistant for helping us to learn new vocabulary in a foreign language.
The starting point is the table shown as in Figure 1.12 with vocabulary items in
two languages. (Translator’s note: In this edition they are English and German, as
is appropriate for this translation from the German original. In the original, the
languages were German and Swedish. Apologies to all you Swedes out there!)
Columns C, D, E, and F indicate whether the word in one or the other direction
(English — German or German — English) has already been correctly identified
and how many times it has been looked up.

When you start the language tutor a dialog appears, as in Figure 1.13. A word
is randomly selected from the vocabulary list, where preference is given for words
that have not yet been tested and correctly identified. The vocabulary testing goes
(also at random) in both directions. If you already know a word, you click on OK,
otherwise, on ASK AGAIN LATER.

With Correcr ENTRY and END TrAINER you exit the dialog. In the first case the
input cursor is placed in the column of the vocabulary table from which the last
test word was drawn. This makes it possible to make changes in the word list easily.
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Figure 1.12. Vocabulary list with lookup and correct answer information (columns
C through F)

Figure 1.13. Form for the vocabulary tutor

Constructing the Form

Our work begins in the VBA development environment (type Alt+F11). There you
produce a new form with InserriUserForM. With ViEwlPropERTIES you open the
properties window, whose contents always relate to the object selected in the
form. You set the internal name of the form as well as its label with the properties
Name and Caption. In our example we will use formQuery as the object name and
Language trainer as the title.
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Figure 1.14. Constructing a Form

Insert into the form, as shown in Figure 1.14, two labels and five command
buttons. To do this click on the appropriate control in the toolbox (ViewlTooLsox)
and then with the mouse draw the boundaries of the element in the form. The
label field is indicated in the toolbox by a capital letter “A”.

For each of the seven controls you must set, as you did previously for the
form, the Name and Caption properties. In our example program we have made
the following settings:

NAME CAPTION PURPOSE

IbiwWord1 IbIWord1 Display the first word

Iblworaz IblWord2 Display the second word

btnNext Continue Second word is displayed

btnOK OK Word correct, proceed to next word
btnAgain ASK AGAIN LATER Word incorrect, continue

btnEdit Correct ENTRY Exit form, change word in table
btnEnd END TRAINER Exit form

Some of the other settings are not absolutely necessary for the proper func-
tioning of the program, but they simplify its use: for the two labels you might set a
larger font size with the attribute Font. For each of the buttons you can use the
property Accelerator to allow the button to be selected later with Alt+letter. And
finally, you can set the property Cancel to True for the END TRAINER button, so that
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this button can, as the cancel button, terminate the program and can be invoked
with the Esc key as well as by a mouse click.

Program Code for the Form

We have now completed our preliminary work. Now we have to provide the form
with procedures that will be executed when the form is invoked and the various
buttons are pressed. To enable communication between these procedures, cer-
tain information must be stored in variables, which will be defined at the begin-
ning of the code module for the form queryForm. (The ampersand (“&”) serves to
identify Longvariables that store integer values.)

' Example file Vocabulary.xls
Option Explicit

Dim firstline& 'first line with words
Dim lastline& 'last line with words
Dim linenr& ‘current line in word table

Dim querymoded 0: lang. 1 —> lang. 2,

1: lang. 2 —> lang. 1

Dim excelWindowstate& 'current window state of Excel
Dim startcell As Range  'current cell when trainer is started
Const maxTries = 20 "number of tries to find a yet untrained word

The procedure UserForm_Initialize is executed automatically when the form
opens. As long as you are in the development environment, you can simply press
the F5 key.

In this procedure the contents of the two label fields are cleared. Further-
more, the variables startcell, firstline, and lastline are initialized. The variable
startcell denotes the first table cell of the vocabulary list and will be used in the
rest of the program as the starting point for addressing further cells in the list. The
variables firstline and lastline provide the first and last line numbers of the vocab-
ulary range.

The calculation of lastline makes use of CurrentRegion, in order to determine
the full range of the table (including the title). Rows decomposes this region into
rows, while Count determines their number. (These properties will be described
fully in the first section of Chapter 5.1.)

Writing Your First Macro
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Private Sub UserForm_Initialize()
1blWordl = "" ‘'Erase the contents of the two label fields
lblWord2 = ""
Set startcell = Worksheets(1).Range("a3")
firstline = startcell.Row
lastline = startcell.CurrentRegion.Rows.Count

Randomize 'initialize random number generator
ShowNewhord "display the first word
End Sub

The procedure ShowNewWord has the task of reading a word (one not yet
learned, if possible) from the table and displaying it in the first label field. The
search algorithm is rather trivial: With the random number function Rnd, which
returns a number between 0 and 1, a row (linenr) and test direction (querymode)
are generated. Then, with the method Offset(row, column) either column C or E—
depending on querymode—of the vocabulary table is examined (see Figure 1.12).
If the corresponding cell is empty or if it contains the value 0, then the word is
considered not yet learned, and the loop is terminated.

If after maxTries attempts no unlearned word has been found, then a word
that has already been learned is tested. For the running of the program this makes
no difference—the word will be read via Offset and displayed in the first label
field. The content of the second label field, which contains the word from the
previous test, is erased. The following three instructions activate the button
ConTinug, and deactivate the buttons OK and Ask Again Later. Furthermore, the
input focus is transferred to the ContinuE button, so that this button can be oper-
ated with the Return key.

' randomly choose a word and display it
Sub ShowNewWord()
Dim i&
' attempts to find an unlearned word
For i = 1 To maxTries
linenr = Int(Rnd * (lastline - firstline + 1))
querymode = Int(Rnd * 2)
If Val(startcell.Offset(linenr, 2 + querymode * 2)) = 0 Then

Exit For
End If
Next
lblWordl = startcell.Offset(linenr, querymode)
1blWordz = ""

btnNext.Enabled = True
btnOK.Enabled = False
btnAgain.Enabled = False
btnNext.SetFocus

End Sub
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The user now sees a form with a single word and attempts to guess the
translation. Finally, he or she clicks on the ContiNUE button. In the procedure
btnNext_Click the word is displayed in the target language in the second label field.
The ContiNue button is deactivated, and in exchange OK and Acan are activated.

' show the correct word in the target language
Private Sub btnNext Click()
1blWord2 = startcell.Offset(linenr, 1 - querymode)
btnNext.Enabled = False
btnOK.Enabled = True
btnAgain.Enabled = True
btnOK.SetFocus
End Sub

After typing in a response, if the user guessed correctly, he or she clicks OK,
and the word will not be asked again. As a result, in btnOK_Click there is stored in
column C or E (depending on querymode) how often the word has been trans-
lated correctly. Furthermore, in column D or F is stored how many times the word
has been asked. Calling ShowNewWord triggers the display of the next word.

' word is identified
Private Sub btnOK_Click()
' Column C/E (correct answers)
startcell.Offset(linenr, 2 + querymode * 2) = _
Val(startcell.Offset(linenr, 2 + querymode * 2) + 1)
' Column D/F (tries)
startcell.Offset(linenr, 3 + querymode * 2) = _
Val(startcell.Offset(linenr, 3 + querymode * 2) + 1)
ShowNewWord
End Sub

Here btnAgain_Click functions like btnOK_Click. The only difference is that
column D/F is changed, but not column C/E.

Word is not identified
Private Sub btnAgain_Click()
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startcell.Offset(linenr, 3 + querymode * 2) = _
Val(startcell.Offset(linenr, 3 + querymode * 2) + 1)
ShowNewWord
End Sub

Both procedures btnEdit_Click and btnEnd_Click terminate the form. For this
the instruction Unload Me is used. In the first case the cell pointer is moved to the
last displayed word, so that it can be corrected. In the second case a form is
shown to ask whether the modified vocabulary list should be saved.

' vocabulary list should be corrected
Private Sub btnEdit_Click()
Worksheets(1).Activate
startcell.Offset(linenr).Activate
Unload Me
End Sub
' Terminate form, save table
Private Sub btnEnd_Click()
Dim result&
Unload Me
result = MsgBox("Should the vocabulary list be saved?", _
vbYesNo)
If result = vbYes Then ActiveWorkbook.Save
End Sub

Additional Code

In order to get the form started correctly, a button (btnStartTrainer) is inserted

into the vocabulary table. In the event procedure the form is displayed with Show.

This automatically causes UserForm_Initialize to be invoked, and the program

proceeds as described above.

' Vocabulary.xls, Table 1

Private Sub btnStartTrainer Click()
formQuery. Show

End Sub

There Is Always Room for Improvement

Of course, there are countless ways in which this program could be improved: a
convenient input dialog for new vocabulary, an options form for controlling the
test mode (for example, testing only in one direction), a more refined algorithm
for choosing the next word to test, extending the table with a column showing
pronunciation.



Example Programs for You to Try

This section gives a brief description of the most interesting examples in this
book. The figures should serve as invitations to you to go ahead and fire them up
and try them out. At the same time, this section should give some indication as to
just how extensive the possibilities of VBA programming are.

Install the example files in a directory on your hard drive as described in
the Appendix.

Calendar and Holidays

In many Excel applications the problem arises of
dealing correctly with holidays. Holidays.x1s
shows how the occurrence of holidays is calculated.
In addition, there is a small program for producing
a calendar for any given year.

Writing Your First Macro

Figure 1.15. A calendar produced with Excel

A Macro for Using the Euro

Does your spreadsheet need to convert German Eiires [
marks into euros (or some other European currency)? ~ = m
This process cannot be completely automated, butin =~ = = = &

Euro.x1s you will find some procedures to help you

with the task. Figure 1.16: Toolbar for the euro conversion tool
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Design Your Own Forms

Excel offers the possibility to fashion
forms, display them, and evaluate them
with program code. A large number of
such forms can be found in the file
Userform.x1s. The forms can be in-
voked with a mouse click.

Figure 1.17. A user-designed form

“Intelligent” Billing Form for a Mail-Order Business

Creating invoices can be
greatly simplified through
the use of “intelligent”
forms. The template
Speedy.x1t provides a sim-
ple example. More refined
variations on this theme
are presented in the exam-
ple files DBCars.x1s and
Vertret.xls.

Figure 1.18. An intelligent form

Automated Data Presentation with Graphs

The extensive possibilities for creating
graphs and charts in Excel are often
used for presenting large quantities of
data in graphic format. This process
lends itself, of course, to automation. In
Chart.xls is demonstrated how (using
simulated test data) daily and monthly
records of data can be created.

Figure 1.19: An automated chart
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Balance Sheet for a Car-Sharing Club

As a member of a car-sharing club, you do not
own your own automobile, but rather you bor-
row one from your club when you need it. The
example DB_Share.x1s shows how an “intelli-
gent” form (namely, Share.x1t) can be extended
to create a simple database application. With
DB_Share you manage the fleet of cars, the
names and addresses of members, and print
out invoices for individual trips.

Figure 1.20. This form is linked to a small database
application

Analysis of Survey Data

The evaluation of survey data is a
labor-intensive occupation—so why
not let Excel help out? In the direc-
tory survey you will find an example
for an Excel-implemented survey
form together with macros for auto-
mated analysis.

Figure 1.21. Analysis of survey data

Data Analysis with Excel (Pivot Tables)

Excel is an excellent tool for analyzing data, regardless of
whether they reside in an Excel file or in an external data-
base. The file Pivot.x1s provides a host of examples of
pivot tables and how to program them.

Figure 1.22. A simple pivot table
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ActiveX Automation

The example ActiveX-Access.xls
shows how Access—externally
controlled via ActiveX automa-
tion—prints out a report on prod-
ucts in stock ordered by category
from the Northwind database. It
is, of course, assumed that you
have access to Access!

Not only can Excel control external
programs via ActiveX automation,
the reverse direction is also possi-
ble. The Visual Basic program
Vb6\Chart\ExcelChart.exe uses the
chart functions of Excel to display
its own data in an Excel chart.

Figure 1.23. Controlling external programs
with Excel

Figure 1.24. Controlling Excel via ActiveX
automation



CHAPTER 2

What’s New
in Excel 2000

This chapter gives an overview of the most important innovations and changes in
Excel 2000 in comparison to the earlier versions Excel 5, Excel 7 (alias Excel 95),
and Excel 97.

We have no wish to dilly-dally, so let us come straight to the point: The differ-
ences between Excel 97 and Excel 2000 are limited in the standard version (for-
tunately!) to a manageable quantity, and in comparison to earlier updates from
one version to the next there are relatively few compatibility problems. The most
important new developments are the database library ADO, the FSO library for
object-oriented access to files, and the new possibilities of internet import and
export.

However, if you work with the Office 2000 Developer Edition, then you will
have much more to learn. Microsoft has packed a host of useful new tools into
this version of Office 2000.

Finally, if you are upgrading to Excel 2000 not from Excel 97 but from an ear-
lier version, then prepare to be overwhelmed by numerous new libraries, objects,
and compatibility problems.

Chapter Overview

Changes from Excel 97 44
Changes from Previous Versions 49
Old and New Errors and Compatibility Problems 53
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Changes from Excel 97

Versions of Office

The version of Excel 2000 residing on your computer may have come from one of
a number of sources. Either you acquired Excel as a stand-alone product, or you
have installed one of the five (count them, five!) available Office suites: the Stan-
dard Edition, the Small Business Edition, the Professional Edition, the Premium
Edition, the Developer Edition.

These editions differ primarily in how many and which components of the
full Office suite they provide. In the context of programming in Excel, the numer-
ous variants can be reduced to two:

» Perhaps you have the Office Developer Edition: In this case you have, in ad-
dition to all the components of the Premium Edition, a host of additional
aids and functions, the most important of which will be described in Chap-
ter 14.

* On the other hand, perhaps you are working with another version: In this
case you still have access to all the possibilities of VBA programming, but
not to the special functions of the Developer Edition.

The great majority of this book is valid for all versions of Excel. The special
features of the Developer Edition will be mentioned, other than in Chapter 14,
only in the form of cross-references or hints.

Language Features

VBA (Visual Basic for Applications) is the basis of all programming within Office.
With Office 2000 is provided VBA version 6 (as opposed to VBA 5 in Office 97).
Most of the changes are trivial:
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* There are several new functions for working with and formatting char-

New

acter strings: Join, InstrRev, Replace, Split, MonthName, WeekdayName,
FormatCurrency, FormatDateTime, FormatPercent, and FormatNumber.

There are a few small improvements in object-oriented programming. You
will still have to do without genuine inheritance (actually the determining
feature of object-oriented programming languages), but at least now the
keyword Implements makes possible the further—albeit halfhearted—use
of existing classes.

In any case, for the daily practice of programming in Excel it is more impor-
tant to be able to define classes with their own properties (keywords Event
and RaiseEvent).

and Changed Objects, Properties, and Methods

Directories: The new property UserLibraryPath of the Application object
provides the path to the local directory with add-in files. The effect of two
Application properties has changed: TemplatesPath and StartupPath refer
to the local Templates, respectively X1start, directories. (On the other hand,
in Excel 97 the two properties give the path to the global Templates and
Xlstart directories.) Unfortunately, there are no new properties to deter-
mine the global Templates or X1start directories.

Charts: The labeling of the coordinate axes can now be scaled. Thus instead
of displaying numbers like 21,000,000 or 22,500,000, the scaling factor “mil-
lions” can be given, resulting in the numerical values 21 and 22.5. For VBA
programming this feature is controlled by several new DisplayUnitXxx
properties.

Also new are the so-called pivot charts: These are ordinary charts (Chart objects)
whose contents, however, can be altered dynamically by certain pivot fields (as
with pivot tables). The VBA control takes place via the new PivotLayout object,
which is invoked by the property of the same name belonging to the Chart object.

Database Applications

Excel is, of course, a database program. However, it is very often used for the anal-
ysis of externally stored data (for example, in the form of charts or pivot tables).
Therefore, access to external data has always been of great importance to Excel
programmers.
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Usually, the simplest way to extract data from a database is by means of the
program MS Query, which is launched via DatalGer ExTERNAL DaTAINEW DATABASE
Query. The settings implemented in MS Query can be controlled with the Query-
Table object. In Excel 2000 this object is equipped with a host of new properties.

The new ADO library (ActiveX Data Objects) offers considerably more flexibil-
ity and above all the possibility of making changes to databases. The DAO library,
which was previously used for this purpose, can still be employed, but it will not
be developed further by Microsoft. Therefore, new database applications espe-
cially should use the ADO library. (However, there is seldom any reason not to re-
tain existing applications that make use of DAQO.) An introduction to ADO pro-
gramming can be found in Chapter 12.

A popular method of analyzing data within Excel—no matter whether the
data come from traditional database systems or from a Data Warehouse—is by
means of pivot tables. These tables have existed for a long time, but in Excel 2000
they come equipped with a variety of extensions (about thirty new properties and
methods). Pivot tables are the main focus of Chapter 13.

If you have access to the Developer Edition, you will find in Chapter 14 fur-
ther information about additional available ADO components and tools.

Internet

If you were to read what the marketing division of Microsoft has put out about Of-
fice 2000, you would get the impression that almost all changes in the new version
are related to the internet. This impression, however, is totally misleading: To be
sure, there are various improvements in Excel in this direction (especially in rela-
tion to simplified import and export of HTML files), but from the point of view of
the VBA programmer there are comparatively few truly relevant innovations.

¢ HTML Export/Import: Excel offers new functions for exporting Excel ob-
jects (for example, a range of cells) in HTML format as well as for importa-
tion of data from HTML files. These functions can be run using program
code with the objects PublishObject (Export) and WebQuery (Import).

* Web Components: These are controls suitable for the internet in which an
Excel table (or diagram) can be represented. While not all Excel functions
are available in the controls, many, in fact, are. The advantage is that the
data can be manipulated dynamically in the HTML document. However,
there are associated disadvantages, the most fundamental of which is that
web components are supposed to be used only by those possessing an Of-
fice 2000 license. To this extent the web components are unsuitable for the
internet, seeming to be rather designed for use in intranets (in large com-
panies, for example).
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* E-Mail: Thanks to the method SendMail it is now a simple matter to send
the current workbook as e-mail. (Strictly speaking, SendMail is not an inno-
vation of Excel 2000—the methods existed already in Excel 97. However, I
neglected to describe the methods in the previous edition of this book, and
that omission is remedied here.)

What is truly new, on the other hand, is the Workbook property
EnvelopeVisible: With this you can insert various text fields for the input of
e-mail addresses and subject lines in the upper border of the table window.
This makes it easier for the user to send the workbook interactively.

Miscellaneous

Dealing with Files (FSO Library): If you wish to access files or directories or
need to read from or write to text files, then instead of the usual commands
(Open, Close, Print, etc.) you can use the new FSO library (File Scripting
Objects). The objects defined there offer not only greater elegance in ac-
cessing data, but also for the first time they offer unicode support. Unfor-
tunately, the FSO methods are not suitable for working with binary data—
for that you must still use the traditional functions.

Forms, or Dialogs (UserForm): Forms can now be opened independently
(Show vbModeless). That is, Excel visible below the form, can be used with-
out the form having to be closed. Just be sure not to use these new func-
tions in combination with the RefEdit control for input of ranges of cells.
Otherwise, Excel loses control over the keyboard focus and can be ter-
minated only through brute force methods (task manager or Ctrl+Alt+Del)!

Importing Text: A frequent source of aggravation with previous versions of
Excel was the attempt to automate the importation of ASCII files. For-
tunately, there is progress to be reported. Finally, the decimal point and the
thousands separator (for separating groups of three digits in the represen-
tation of numbers) can be controlled by additional parameters of the
method OpenText. For importing text the revised QueryTable object can be
used.

Configuration Files: The locations of configuration files have changed
again—as has been the case with all previous versions. Everyone’s favorite
game is Look for me!

Help System: The entire help system has been completely revised and is

now based internally on the so-called HTMLHelp System. As far as content
goes, the information offered is, in fact, often correct, but the problem is in
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finding the information. The F1 key by no means always leads to the de-
sired result, and the full text search that was available in the earlier help
system has for some incomprehensible reason disappeared. In its place
there is now the so-called Office Assistant, who (or which, depending on
user preference), however, is not an adequate substitute. Its results are
often quite good, but much more often are simply useless. (Don’t we al-
ready have enough assistants, and even these are always in the way?)

If you wish to equip your own Excel applications with their own help files,
you can now use HTMLHelp for that purpose. For developing your own
help files you should make use of the HTMLHelp Workshop, which is pro-
vided only with the Office Developer Edition.

Euro Support: In older editions of Office the euro symbol could be used
only after installation of special updates. In this respect Office 2000 has
made a certain amount of progress, but there is much on the theme of the
euro that seems not to have occurred to Microsoft. The function EuroCon-
vert, which can be used as an Excel add-in function, is not documented,
and one can seek in vain other aids for converting existing tables from a
given European currency into euros. (The section on the euro in Chapter
5.9 attempts to redress this lack, to the extent that such redress is possible.)

Office Developer Edition

There has been a Developer Edition offered since Office 97, but it was of interest
only to Access programmers and did not find wide application. With Office 2000
that might change. The Developer Edition now contains a large number of exten-
sions and additional components that will be of interest to many VBA pro-
grammers.

The first section of Chapter 14 contains an overview of the most important
features of Office Developer. Then throughout that chapter some of the new pos-
sibilities will be explicated in detail. (The remainder of the book is limited to func-
tions that are available in all versions of Excel.)
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Changes from Previous Versions
Excel 7 — Excel 97

“Never give a programmer an even break” seems to have been Microsoft’s motto
at one point: What is new above all are the development environment and the
idea of user-defined forms (dialogs) (MS forms library). Furthermore, about half
of the approximately 120 Excel-7 objects have been replaced by new objects. Be-
yond that, countless new objects have been introduced.

Development Environment

The most obvious change in Excel 97 was the separation of the development envi-
ronment from Excel. This separation takes some getting used to, but it has a
number of advantages. The greatest advance is the extension of incomplete key-
words by an automatically displayed list of choices or by Ctrl+spacebar.

Module Sheets: The division into application and programming compo-
nents also has had effects on programming: The enumeration object Mod-
ules and the object class Module were no longer supported for module
sheets and are currently available only for reasons of compatibility.

Protection of Module Sheets: Due to the separation of Excel into applica-
tion and VBA components the protection functions for modules were also
revised. That would not have been so bad if a minimum of compatibility
had been retained. That is not, unfortunately, the case: Hidden and pro-
tected modules in Excel 7 are displayed in Excel 97 as though they were un-
protected. After all, you always wanted your customers and users to know
how you programmed all those functions, didn’t you?

VBA Language Concepts

Events: The management of events was completely reworked in Excel 97.
Whereas in Excel 5 and 7 a small number of predefined events were at-
tached to OnEvent properties, now events are controlled in Visual Basic: For
all possible events—such as activating a worksheet—the names of the

event procedures are preset (such as Worksheet_Activate). When you fill this
procedure with code, the code is then automatically executed when the
event occurs. Even events associated to objects that in the development en-.
vironment are not shown in their own modules can be received via the de-
tour of a class module.
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The down side of the new concept of an event is that Excel programmers
were perhaps a bit too enthusiastic: Almost every object is equipped with
countless events. In the process clarity has been lost. It remains to be seen
whether there will really be applications for all these events.

Class Modules: Now in VBA as in Visual Basic new object classes with meth-
ods and properties can be defined (though without their own events and
without Enum constants). However, the implementation gives the impres-
sion of being only half complete. Furthermore, there remains the question
of whether there is a great need for programmer-defined class modules
within Excel applications.

Collection Object: The Collection object represents a convenient alterna-
tive to fields. The advantage over normal fields is that Collections do not
have to be declared in advance in a particular size. Moreover, any text can
be used as an index (instead of consecutive numbers).

User-Defined Functions: In Excel 5 and 7 one could associate user-defined
worksheet functions of various categories, which were exhibited by the di-
alog Insert/Function (the function assistant of the time). Since Excel 97 this
possibility no longer exists officially, and all user-defined functions are as-
sociated with the data type user-defined. (This restriction can be gotten
around; see Chapter 5.7.)

Changed and Extended Objects

A large number of Excel objects were introduced in version 97, or were changed or
associated to other libraries (and thereby renamed). The most important
changes—to the extent that they have not been made obsolete by Excel 2000—are
discussed in the following pages. A complete listing can be found in the VB help in
Excel 2000 (start in the development environment!), by searching in the office as-
sistant for Changes to the Microsoft Excel 97 Object Model.

The most important additions to the Workbook object have to do with the
shared use of an Excel file by several users (sharing functions). To make an Excel
file available for shared use, you must save the file using SaveAs with Access-
Mode:=xIShared as a shared file. (Manually, the sharing of Excel files is accom-
plished not with Save As, but with Toors|SHARE WorkBOOK.)

To terminate sharing, the method ExclusiveAccess is available. (With it the
current workbook is saved under the current name.) The current state can be in-
ferred from the property MultiUserEditing. There are a number of properties and
methods for maintaining, managing, and synchronizing shared-use files:
AcceptAllChanges, AutoUpdateFrequency, AutoUpdateSaveChanges,
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HighlightChangesOnScreen, HighlightChangesOptions, KeepChangesHistory,
ListChangesOnNewSheet, PersonalViewListSettings, PersonalViewPrintSettings,
ProtectSharing, RejectAllChanges and UnprotectSharing.

With the FormatCondition object the formatting of a cell or range of cells
(Range object) can be made dependent on the cell’s contents. For example, you
can arrange to have the color of a number change when the number exceeds a
value contained in a comparison cell. There can be at most three conditions per
cell. Manually, you can achieve this type of formatting with Formar|lConpiTiONAL
FormartinG. (Similar effects could be achieved in earlier versions of Excel by con-
ditional number formats. However, there were many fewer layout possibilities
and no VBA interface.)

With the Validation object one can define validation controls for the input
in cells. For example, input can be restricted to a particular format (e.g., date)
or to within a range of values. Such rules can be formulated manually with
DaTAlVALIDATION.,

With the Hyperlink object one can provide references to Excel worksheets as
well as to other files (local or on the internet).

An entire family of objects (Shape, ShapeRange, ShapeNode, GroupShapes,
etc.) replaces the drawing objects of Excel 5/7 (Arc, Line, etc.). Aside from the
drawing objects, which are now called AutoShapes objects and offer much more
in the way of layout possibilities, all the remaining objects in tables are controlled
by Shape objects: controls, OLE objects, object groups, etc.

New Properties and Methods

By setting AutoScaleFont=True one can achieve for a variety of objects (AxisTitle,
LegendEntry, etc.) that the size of the text is accommodated to the size of the
object.

FormulaLabel=xIColumn/RowLabel the contents of a cell can be defined to be
the name for the row or column the given cell heads. These names can then be
used in formulas, thereby making formulas more readable. It is necessary that
AcceptLabelsinFormulas be set to True (default setting). Manually, FormulaLabel
can be changed with INSErTINAMEILABEL.

In Figure 2.1 FormulaLabel=xIColumnLabels holds for the
cells A1:C1. Thus in C2 the formula =income-expenses can be
used. If a different text is input into Al Text, then the formula is
automatically changed!

Figure 2.1: Example of FormulaLabel
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WARNING The feature just described continues to exist in Excel 2000, but
there it is deactivated by default! To use it in Excel 2000, you must first in
TaooislOprions|Carcuration activate the option ACCEPT LABELS IN FORMULAS.

A host of new formatting possibilities come from new properties of the Range
object. IndentLevel sets how far the content of a cell is to be indented. (The per-
missible range is from 0 to 15.) With Borders it is now also possible to draw diago-
nal lines through a cell (previously, a cell could only be framed). With Orientation
the text can be oriented between —90 and 90 degrees (previously, only multiples of
90 degrees were possible). The Orientation property can also be changed for
many other objects, such as labels on charts.

Object Libraries

Menus/Toolbars (Office Library): You have no doubt noticed that the ap-
pearance of menus and toolbars has changed. The consequence for pro-
grammers is that the Toolbar and Menu objects have been replaced by a
family of new CommandBar objects.

This results not only in serious changes for the management of custom
menus and toolbars, but also in a number of incompatibilities. There is no
longer a menu editor. Instead, in the creation of new menu bars one must
allow oneself to be tormented by a number of incomprehensible pop-up
menus (the starting point is ViewITooLsarsICustomize). The only advantage in
return for the time spent in adaptations and alterations is that the new
menu bars and toolbars and the basic Office object library can be used to-
gether in all components of Office.

Forms (MS Forms Library): For setting up forms there is the new MS
Forms Library. The forms created from it look just like the forms in Excel 5
and 7, but the forms editor is handled differently, and the management of
the form by program code is considerably different. There are two funda-
mental advantages: You can now set up multipage forms (in the manner of
the options forms) and use external controls (so-called ActiveX controls).

As opposed to the traditional menus and toolbars, Excel 5/7 forms are also

supported in Excel 2000. That is, the forms editor is still provided. However,
in the execution of VBA code for the management of forms one encounters
frequent error messages. There are, then, considerable compatibility prob-

lems to some extent.
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VBIDE Library: The development environment is programmable via its
own library: Microsoft Visual Basic for Applications Extensibility, VBIDE in
the object catalog, fundamental object VBE. The library is of benefit when
you wish to improve the usefulness of the development environment or
change the code of an Excel file by means of program code.

Excel 5 — Excel 7

Since version 7 the mechanism of ActiveX automation (which at the time was
called object automation) has been used to incorporate various extensions into
Excel. The extensions described in this section must be activated before use with
ToovsIRerereNces. Furthermore, an entire library of new objects, methods, and
properties is available, which can be used as Excel keywords in VBA code.

Office Library: To simplify and standardize the search for Office docu-
ments, when a document is saved, supplementary information is now
saved with it. You can examine the possibilities available for searching for
files from the dialog in FiLelOren and for the input of supplementary infor-
mation in FiLelProperTIES. You can access the supplementary information
in VBA code using the properties BuiltinDocumentProperties and
CustomDocumentProperties.

Office Binder Library: A further innovation in the Office suite of applica-
tions is that a group of Office documents (text, worksheets, databases, etc.)
can be assembled as if enclosed in a binder. The files thus assembled can
then be more easily managed. Binders are controlled using program code
by means of the new objects Binder and Section.

Old and New Errors; Compatibility Problems
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It brings me no pleasure to write about the on-line help. The new system is sadly
immature. There is no central and complete index; the search possibilities are
greatly reduced from the previous version (there is no longer a full-text search!). If
you work with Office Developer, you must furthermore continually shuffle CD-
ROMs, since the documentation of the MSDN library is distributed among three
CDs.

If you have access to the MSDN library (for instance, it is included with Office
Developer and is also available as a stand-alone product), you can search there
for information about Excel with greater hope of success.

General Problems

¢ VBA s still, as always, unoptimized for evaluating conditionals. A test of the
form If x>=0 And Sqr(x)<3leads in the case of negative x to an error. (This
has been a problem with Visual Basic since its inception, so at this point I
have given up all hope of any improvement on this score.)

» In program development there often arise strange “automation errors.”
Then every further attempt to execute VBA code leads to new errors. Even
the attempt to exit Excel fails (or results in a crash). As a rule, Excel must be
terminated via the Task Manager and then restarted.

» If individual worksheets in a workbook are deleted with
Worksheets(...).Delete, it often happens that the resulting file is
internally defective. It can be saved, but every subsequent attempt to load
it leads to Excel crashing. It remains unclear under what circumstances
this error occurs. (It has in itself nothing to do with the Delete method.
The same problem can occur when the worksheet is deleted manually.)

* Justas in Excel 97, switching from the VBA development environment to
Excel fails when the object catalog is the active window. You must first click
in another window in the development environment. One would have
thought that the three years that elapsed between Excel 97 and Excel 2000
would have sufficed for this trivial problem to be solved.
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* Almost as troublesome is that toolbars from Excel always appear in the de-
velopment environment, where they tend to be in the way. The moment
they are clicked on, one experiences a (usually unwished for) switch back
into Excel. Admittedly these are small points, but they do tend to get on
ONe’s nerves.

Problems with MS Forms Dialogs and Controls

Excel and most VBA commands are blocked as long as the input cursor is located
in an MS Forms control in a worksheet. This can be prevented only in the case of
buttons with TakeFocusOnClick=False. (The default setting, though, is True, and
this is the reason that there are often problems with buttons in worksheets. The
error messages that result are completely uninformative.)

If other controls are used in a worksheet, then the input cursor must be
placed in a cell by means of program code (such as Worksheets(n).[Al].Activate) in
order to make certain that it is not directed at a control.

Compatibility Problems with Respect to Excel 97

First, the good news: During the time that I was working on this book very few
compatibility problems vis & vis Excel 97 arose. The VBA code in Excel 97 work-
books usually executed without any problem. In comparison to the change from
Excel 5 to 7 and then to 97 the compatibility problems are minimal.

Needless to say, Excel 2000 is not fully compatible. The most frequent prob-
lems involve new locations of configuration files. New, for example, is that the
“personal macro workbook” is for the first time actually personal. That is, this file
is structured for each user and saved in its own location. Changes made to such a
file are no longer effective globally for all Excel users. Fundamentally, this is an
advantage, especially since there is always the possibility of defining global mac-
ros. Details on Excel configuration files can be found in Chapter 5, in the subsec-
tion on configuration files.

The Application properties TemplatesPath and StartupPath are also related to
the configuration files. Their effects have changed with Excel 2000. They now refer
to the personal Templates and X1start directories (instead of, as previously, the
global directories). Further information on these properties can be found in
Chapter 5, in the section on Excel-specific methods and properties.

Additionally, there was a series of sporadically occurring small problems
whose cause has remained unclear. For example, Excel would crash until a pre-
viously undeclared variable was explicitly declared as Variant; there would occur
an “automation error” until a Select was changed to an Activate, and so on.
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Compatibility Problems with Respect to Excel 5/7

The following information is valid if you passed over Excel 97 and wish to upgrade
directly from Excel 5 or Excel 7 directly to Excel 2000. In this case the situation is
rather bleak.

Needless to say, then, the following list is incomplete. It does, however, list the
most important problems. Most of the problems mentioned here are, to be sure,
niggling details. But it is often such “details” that cost a full day’s work searching
for errors.

When a worksheet is accessed, many methods function only with
Worksheets(n), but not with Sheets(n) (even if in both cases the same
worksheet is referenced).

The formatting of charts via program code gives results different from those
of Excel 7.

VBA code that accesses Selection often gives difficulties. This is even more
annoying in that as a rule the automatic recording of a macro is the source
of the problematic code. Try the following remedy: Change the lines

object.Select or object.Activate
Selection.method

to
object.method

This same course of action is also valid, of course, when Selection is used by
means of With for several lines. (Give the actual object instead of Selection
when using the With command.)

Links to OnEventXxx properties have been stored in the Excel file since
Excel 97, which was not the case with Excel 5/7. Most Excel 5/7 applications
rely on the fact that when a file is loaded, all OnEventXxx properties are
empty. This is no longer the case, which can result in serious problems.
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There are, for the most part, problems with the attempt to replace
OnEventXxx procedures by the event procedures newly introduced in
Excel 97. Excel suddenly complains that it can no longer find the proce-
dures stored in OnEventXxx properties.

The problem is exacerbated by the fact that there is no possibility to deter-
mine all initialized OnEventXxx properties. It is necessary, rather, to test
whether the property is being used in the immediate window for every con-
ceivable OnEventXxx property (for every worksheet!). If it is, then you must
delete the property by defining an empty character string "". Enjoy!

* In Excel 7 the method OpenText provides Trueor False as a return value ac-
cording to whether the importation of data was successful. Since Excel 97
this method can no longer be used as a function, and there is no longer a
return value. Possible errors must be caught with an error-handling rou-
tine.

¢ The Syntax of the parameters Destination and Connection for specifying ex-
ternal sources of data using the method PivotTableWizard has changed.
Excel 7 program code no longer runs in general.

Incompatibilities with Dialogs (Forms)

¢ MS Forms (new since Excel 97) can be decorated with drawing elements,
text fields, or other Office objects. There are, however, many fewer visual
formatting possibilities than there were for forms in Excel 5/7.

* In compatibility mode for the display and management of forms from Excel
5/7 a problem occurs when you attempt to link a range of cells to a listbox:
Set listbox.List = Sheets("Tablel").[al:a4]

The direct linking of ranges of cells to lists is apparently no longer sup-

ported. You must either execute a loop over all the cells and insert the en-
tries individually with AddItem or use the MS Forms listbox of Excel 2000.

Incompatibilities with Menu Bars and Toolbars

Menu bars and toolbars, new since Office 97, are a chapter in themselves, and
such a chapter would not be only about improvements.

* No new event procedures can be linked to existing menus that were created

on the basis of the Menu objects of Excel 5/7. (Strictly speaking, the link
functions, but it is not saved.) Thus you can continue to use existing
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menus, but you cannot change them. The transformation to new
CommandBar menus is possible only manually and with considerable effort.

There is no longer a menu editor. The manual production of new menus is
accomplished through the form ViewlToorsarsICustomize and is tied to hun-
dreds of mouse clicks. Context menus can still be changed only with pro-
gram code.

Changes in predefined menus are no longer saved in the Excel file, but sep-
arately for each user in his or her own file. For this, additional code is nec-
essary if changes in existing menus or toolbars are to be made in Excel ap-
plications. (New toolbars can be attached as in Excel 5/7.)



Part1I
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CHAPTER 3
The Development
Environment

This chapter describes in detail the operation of the VBA development environ-
ment, which since Excel 97 has appeared in its own window with its own menus,
toolbars, etc. The development environment makes possible the input of program
code and the definition of new forms, helps with debugging, and contains such
delightful features as an object browser with cross-references to on-line help, and
an “immediate window” for testing individual instructions.

Chapter Overview

The Components of a VBA Program 62
The Components of the Development Environment 63
Code Input in Modules 69
Executing Macros 74
Recording Macros 75
Keyboard Shortcuts 77
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The Components of a VBA Program

AVBA Program is always part of an Excel workbook. Thus it is impossible to save,
edit, or execute an Excel program outside of a normal Excel file. In speaking about
the components of a VBA program, we mean, then, the VBA components of an
Excel file that are shown in the VBA development environment.

An Excel application can comprise the following VBA components:

¢ Normal program code (module): Program code with definitions of vari-
ables, subprograms, and functions is saved in so-called modules. A module
is thus a group of specially programmed procedures (subprograms) that
can be used in Excel. In the development environment a module is dis-
played in a text window for the code that it is to contain.

* Program code for defining new object classes (class modules): Purely visu-
ally, a class module looks like a normal module, that is, a text window with
program code. The difference is that class modules serve to define new
objects. An introduction to programming of class modules is given in
Chapter 4.

* Program code with event procedures associated to Excel objects: Every
Excel sheet (table, chart) as well as the entire Excel workbook understands
events, such as changing from one sheet to another, or saving or printing a
workbook. When such a predefined event occurs, a so-called event proce-
dure can be automatically triggered. The program codes for these event
procedures are located in their own modules, which, in turn, are associated
to the corresponding Excel object. Detailed information about event proce-
dures can be found in Chapter 4.

* Forms (UserForm): Since Excel 97 forms consist of two connected parts:
the form itself with its controls, and the program code with the event pro-
cedures associated to the controls. (These event procedures are necessary
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for managing the form.) The creation and management of forms are the
theme of Chapter 7.

* References: So long as you use only the standard Excel objects, you do not
need to worry about references. However, as soon as you wish to use ob-
jects that are defined in external object libraries (such as in the ADO library
for database programming), you must activate these with TooLsIREFERENCES
(in the development environment). The references to the object libraries
used are saved in the Excel file.

The first four points in this list have the following in common: The VBA code is
shown in code windows that always look the same. The tools for code input and
for debugging are also the same in each case.

The Components of the Development Environment

The principal purpose of the development environment is to make possible the
input of program code and the definition of “intelligent” forms. Since Excel 97 the
VBA development environment is no longer integrated into Excel, but behaves al-
most like a freestanding application. The development environment is invoked by
ToorsIMacrolVisuaL Basic Epitor or with the keyboard shortcut Alt+F11, and it
then appears in an independent window.

Figure 3.1. The VBA development environment
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Instead of employing ToorsIMacrolVisuaL Basic Epitor or Alt+F11, the
change from Excel to the development environment can be effected by
means of a tool: In Excel (not in the development environment) execute
View|TooLsars|Customizel CommanDs and with the mouse drag the button VisuaL
Basic Eprror from the “tools” category into the standard toolbar. Now a simple
mouse click suffices to move you into the window of the development environ-
ment,

For almost every component of the development environment there have
been defined context (pop-up) menus, which can be invoked with the right
mouse button. They enable the efficient invocation of the most important com-
mands. Check them out!

Project Explorer

The project window (ViewlProject Exprorer or Ctrl+R) provides an orientation to
programming in Excel. With each loaded Excel file all the associated modules and
forms are shown in the project explorer. By double clicking on one of the entries,
its components are displayed in a window, where they can be worked on.

The individual components of a project can be arranged either alphabetically
or, as shown in Figure 3.1 thematically. The change from one mode to the other is
accomplished with the third tool icon in the project window (with the confusing
name ToGGLE FOLDERS).
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Properties Window

In the properties window View|PropertiEs WiNDow or F4) a number of character-
istics of the current object can be set. As “objects” are considered modules and
also forms and the controls contained within them. The most important role is
played by the properties window in the creation of new forms: Every element of
such a form has dozens of properties. In normal code modules, on the other
hand, only the name of the module can be set. This name cannot contain a space
character. With object modules the VBA name generally differs from the name of
the Excel worksheet.

Just as in the project explorer, the entries in the properties window can be
grouped (that is, first all the properties, then the methods, and finally the events,
as in the tip below) or sorted alphabetically. The shift is accomplished here, how-
ever, with sheet tabs and makes sense only when objects support large numbers
of properties.

If you embed controls directly in worksheets, you can also use the properties
window in Excel. The invocation in Excel is, however, accomplished not with F4,
but with the pop-up menu entry PropertiEs or by clicking on the Properrtits tool in
the “control toolbox.”

Object Browser

Programming in Excel is based on a number of object libraries, of which the most
important is the Excel library. Every library is equipped with a large number of
objects, and the objects, in turn, with many properties, methods, and events. The
only chance, then, to keep track of what is going on in this superfluity of keywords
is provided by the object browser, which is displayed by executing ViewlOsject
Browser or hitting the F2 key. (If the cursor is located over a keyword in the code
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window, it will be automatically looked up in the object browser.) In many situa-
tions the object browser offers the shortest path into the on-line help.

In the object browser are shown the abjects of all active libraries as well as (in
boldface) all user-defined functions and subprograms. In the listbox in the upper
left-hand corner you can limit the display to objects belonging to a specific li-
brary. This is especially useful when the search for a particular character string re-
turns a large number of results. You carry out a search by giving a string as input
in the second listbox and pressing Return.

Figure 3.2. The Object Browser

Normally, in the browser are displayed only “officially” supported keywords.
However, there are quite a few hidden keywords, which either are used internally
or have been retained for reasons of compatibility with earlier versions. With the
pop-up menu command SHow HippEN MEMBERS you can also see these keywords,
which appear grayed out.
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Editor Options

With TootslOprions a four-sheeted form is displayed that allows you to control a
variety of settings in the development environment. Most of the settings are more
or less self explanatory. Here are a few notes for the others:

Auto Syntax CHEck (tab Eprror): If this option is activated, an error message
is displayed when a line containing an error is input. While you are still tak-
ing baby steps in VBA this is perhaps rather useful. However, after a couple
of days these insistent error messages become burdensome. If you deacti-
vate the option, lines with errors continued to be displayed in red, which is
quite sufficient.

Require VariasLe Decraration: If this option is activated, in every new mod-
ule the line Option Explicitis added. This means that you are allowed to use
only those variables that you have declared with Dim. This option saves
you from typos and supports the creation of correct code. Activate it by all
means!

Avuto List Memsers, Auto Quick Inro, Auto Data Tips: These three options de-
termine whether information about permitted methods and properties, the
current content of variables, and, respectively, allowed parameters will be
automatically inserted in the code window. Leave this option in the default
setting, that is, activated. The information provided is extremely useful.

Derautr to Fuir Mobpute View: This option has the effect of displaying in the
code window not only an individual procedure, but all procedures belong-
ing to the entire module.

The tab Epitor Formar: Here you can select the font of your choice and se-
lect a color for a variety of syntax elements.

General Options

Corrapse Project Hipes WinDows (tab Generar): If this option is activated, all
windows of a project are closed as soon as the project is collapsed in the
project explorer (click on the minus sign). When it is opened up, the win-
dows appear again. This option serves the purpose of maintaining a certain
degree of order in the development environment even when a number of
projects are open.

Epir anD ConTiNUE: With many changes in code—for example, in the decla-
ration of new variables—all current contents of variables must be cleared.

67



Chapter 3

68

When the option Notiry BEFORE StaTE Loss is activated, you will be warned
before such changes are carried out.

Break oN ALL Errors: This option cancels the effect of error handling rou-
tines. In spite of On-Error instructions the program will be interrupted. This
option is often very useful in debugging. (See also Chapter 6).

Break IN CrLass MopuLe/Break oN UNHANDLED Errors: These two options yield
differing results only when you develop class modules. If an error occurs in
a class module, in the first case the program is interrupted in the class
module, and in the second case it is interrupted where the method or prop-
erty of the class that caused the error was called (see also Chapter 4, the
section on programming your own classes).

CowmpiLE: VBA programs are automatically compiled into pseudocode, which
can be executed more efficiently than the underlying ASCII code. (We are
not talking about machine code, such as would be generated by a C com-
piler.) The two CompILE options govern when compilation occurs. The de-
fault setting (both options activated) indicates that program execution be-
gins at once, and procedures are compiled only as they are needed. The
advantage of this is a rapid start. The disadvantage is that any obvious er-
rors will be announced only later. With large projects it is usually a good
idea to deactivate the options, since then you will be notified at once of any
syntax errors in the code (and not sometime later, the first time the proce-
dure is called).

Tab DocxinG: As mentioned in one of the “tips” above, in the default config-
uration most of the components in the development environment are so-
called docked windows. These windows stick, as it were, to an end of the
development environment. If you do not happen to be working with a 21-
inch monitor, these docked windows take up too much space and represent
a step backwards into the era of Windows 1 (when overlapping windows
were not allowed). You can call a halt to this nonsense by unchecking most
(or, even better, all) of the boxes on this page of the form. Now you can
move the windows around and overlap them without any restrictions.

Project Properties

With TooLsIVBAProjecT ProPERTIES (PROJECT PROPERTIES) You open a dialog for set-
ting properties of the current project. On the page with the tab GENEraL you give a
short description of the project and file name of an associated help file (see Chap-
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ter 14). On the page ProTecTioN you can hide the VBA part of an Excel file from
view and protect it with a password.

Conditional Compilation

It often happens that along with a program you wish to manage a second version
in parallel (say, a demo version with limited features or a debug version with addi-
tional tests). For this you can define a constant in ProjecT PROPERTIESIGENERAL in
the text field Conprtionar CoMpILATION ARGUMENTS such as demo=1. In the program
code you can then make use of the value of the constant with #[finstructions.

According to the result of the #Iftest one of two branches is executed. In con-
trast to normal Iftests, here the result is determined during compilation. The
compiled code contains only one variant and no #Iftests, and therefore there is
no loss of speed of execution. The following lines show some program code with
#Ifinstructions:

Sub Command1_Click()
#If demo Then
MsgBox "In the demo version nothing can be saved"
#Else
L program code for saving
#End If
End Sub

Code Input in Modules

VBA code can be input into any code window. As mentioned above, there are nu-
merous objects that can be fitted out with code: the Excel file as a whole (module
This Workbook in the project explorer), every worksheet (Sheet 1, Sheet 2, etc.),
forms, normal modules, and class modules.
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While the objects This Workbook and Sheet n are provided by Excel, forms and
modules must be created via INserTIUsERFORM, MoDULE, or Crass Moputk in the de-
velopment environment. (When a macro is recorded a module is automatically
created.)

Finally, you should give the form or module a meaningful name. To do this
you use the properties window (F4). Blank characters and most special characters
are prohibited.

While for a normal module the name is principally for orientation in negoti-
ating large projects, the names of forms and class modules are also important for
the execution of code. Subsequent changes then lead to additional expenditure of
effort and should be avoided as much as possible.

First Experiments

For our first experiments with VBA open a new workbook, with via Alt+F11 into
the development environment, and there execute INserrIMoODULE to create a new
module. The shortest possible macro that you can create for test purposes should
look something like this:

Sub example()
Debug.Print "Wow, my very first program!"
End Sub

With the method Print, applied to the object Debug, this program will output the
text “Wow, my very first program!” in the immediate window. You can launch this
program simply by pressing F5 (with the input cursor placed within the proce-
dure itself). The result will be displayed in the immediate window. Since this
window is out of view under normal circumstances, it must be activated with
ViewlIMmEDIATE WinDow or Ctrl+G.

When you input the program, you will observe that Excel emphasizes—by
means of color—certain parts of the program, namely the keywords Sub, Debug,
Print, End, and Sub. This not only improves clarity, it indicates that the program
lines are syntactically correct.

If Excel detects an error in the input of a program line, it announces that an
error has occurred. You may ignore such announcements temporarily. Then the
entire line will be displayed in red. The macro cannot be executed until all syntax
errors have been removed.

Automatic Completion of Keywords and Variable Names

Code input is simplified by the so-called IntelliSense functions. Thus during input
listboxes are automatically displayed offering for your selection all possible com-
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pletions of the input—in the current context. In the input of functions and meth-
ods their parameter lists are displayed, and so on.

IntelliSense has brought with it some new keyboard shortcuts: When no list-
box is displayed, you can use Ctrl+spacebar to complete the input with the given
keyword (or variable name). If there is more than one option, then the listbox au-
tomatically appears.

Once the listbox has been displayed, you can select the desired input with the
cursor key. The Tab (not Return!) key completes the selection. With Esc you can
avoid having to select from the listbox and can complete the input manually (for
example, for input of a variable name that has yet to be defined).

Definition of New Procedures

There are many ways of writing a new procedure. For general procedures (sub-
routines, functions) you can create a template for a new procedure with a click of
the mouse using InsertiProcEDURE. (The meaning of the keywords Sub, Function,
Property, Public, Private, and Static will be described in detail in Chapter 4, in the
section on procedural programming.)

Once you have acquired some facility with Visual Basic, you will be able to
carry out the definition of new procedures more quickly by typing the instruc-
tions Function Name or Sub Name in the code window. Visual Basic completes
the procedure definition automatically with End Function or End Sub.

Cursor Movement in the Program Code Window

The text cursor can be moved within a subprogram or function as usual with the
cursor keys. Page Up and Page Down move the text cursor horizontally through
the procedure. When the cursor reaches the start or end of the subprogram, the
previous or following procedure is shown. (The sequence of procedures is ar-
ranged in the order in which they were defined.)

Ctrl+T and Ctrl + Page Up, CtaL +{ and Ctrl+ Page Down point independently
of the current position of the cursor to the previous or next subprogram. F6
changes the active region if the window is split.

Shift+F2 moves the cursor to the procedure on whose name the cursor is cur-
rently located (command ViewiDeriniTION). If the procedure in question was de-
fined in another file of the project, Visual Basic automatically shifts into the rele-
vant code window. Ctrl+Shift+F2 shifts back to the previous position. In this
connection Visual Basic manages a multilevel buffer for return positioning.

For quickly jumping to another part of the program you can also use the ob-
ject browser, in which (among other things) all procedures that you have pro-
grammed are visible. (See the next section.)
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Indenting

To make program code easier to read, blocks of code within branches and loops
are generally indented (as in all the program listings in this book). This indenta-
tion does not occur automatically, but must be done with the space bar or tab key.
If later you alter the structure of the program (for example, by an additional “If”
test), it is then necessary to change the indentation pattern on large numbers of
lines. Instead of doing this manually for each line, you can ask Visual Basic to
help: Select the entire block of lines with the mouse, and then press Tab or
Shift+Tab. Visual Basic then moves the entire block either in or out by one tab
position.

The tab width can be set in the options window (Toors|Ortions|EpiTor) up to a
single character. The default setting is four characters, though in this book we use
two, which leads to more compact program code. (Visual Basic works with genu-
ine tabs. The tab width setting indicates only how many spaces are passed over by
Tab.)

Declaration of Variables

In empty modules there is usually to be found the instruction Option Explicitin
the first line. The effect of this instruction is to require that all variables be de-
clared before they are used. If this instruction does not automatically appear, then
go at once to the ToorslOprionsIEprtor window and activate “Require Variable
Declaration.” Excel then adds the instruction to newly created modules. (In mod-
ules currently open you will have to type in the keywords yourself.)

Commentary

The apostrophe (') is used to introduce a comment. Comments are allowed both
at the start of a line and after an instruction. The comment symbol can be used,
for example, temporarily to transform lines of code containing errors into com-
ment lines. Comments are usually shown in green.
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Multiline Instructions

Long instructions can be divided over several lines. To accomplish this simply
type anywhere (except within a keyword) a space followed by the underscore ( _)
symbol. For example:

Selection.Sort Keyil:=Range("A3"), Orderi:= xlAscending, _
Header:=x1Guess, OrderCustom:=1, MatchCase:=False, _
Orientation:=x1TopToBottom

Undoing Changes

If you inadvertently delete a selected region of cells or wish to undo a change in
program code, you can restore the previous state of the program with the com-
mand EpitlUnpo or with Alt+Backspace. With EpitIRepo or Ctrl+Z you can undo
the effect of the undo command. The undo and redo functions are multilevel
functions; that is, you can take back several changes.

Automatic Saves

Excel is a stable program by and large, but the occasional crash is not unheard of.
Therefore, you should save your workbook as often as possible! You can also acti-
vate the add-in extension “autosave” to save your workbook at regular intervals.
To do this, execute in Excel (not the development environment) ToorsIAbD-INs
and activate the option Autosave App-in. Now every ten minutes you will be asked
whether you wish to save unsaved files.
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Executing Macros

It has already been mentioned above that you can easily call up the macro in
whose code the cursor is located via F5. However, this way of executing a macro is
available only in the development environment. In general, one uses the com-
mand ToorsIMacro, which is available both in Excel and in the development envi-
ronment. With it you can run parameterless macros defined in any currently open
file.

There are also a number of elegant methods for running macros:

* You can associate a keyboard shortcut of the form Ctrl+first letter of the
macro to a macro by clicking on the Ortions button Ctrl+first letter in the
form ToorsIMacrolMacros. For some strange reason this Options button is
available only in Excel, not in the development environment. Go figure.

¢ Macros can be associated with event routines. Then when a certain event
occurs (such as when a certain amount of time has passed or the activation
of a worksheet) it is automatically activated. There is an entire section de-
voted to events in Chapter 4.

¢ With the command Viewl TooLsarsICustomizel ComMaNDs (still in Excel) you
can insert the menu entry “Custom Menu Item” or “Custom Button” (both
in the group “macros”) to a menu or toolbar. Then you can alter the menu
text or tool with the associated pop-up menu. By clicking on the entry or
tool for the first time you can select the macro to which the entry will be as-
sociated in the future. More information on individual menus and toolbars
is to be found in Chapter 8.

These methods hold for procedural macros, those introduced with the key-
word Sub, which we shall call subprograms. Function macros (keyword Function)
are, on the other hand, not designed to be called directly. They can be placed
within other macros or inserted as calculating functions in the formula of a work-
sheet cell.

Interrupting Macros

All macros can be stopped at any time with Ctrl+Break. If you then select the but-
ton DeBuG in the form that appears after you hit Ctrl+Break, you can edit the code.
You can also examine individual variables and then continue execution of the
macro with F5.
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The Immediate Window (Test Window)

The immediate window is an aid for testing new procedures and for debugging.
(In earlier versions the immediate window was called the test window.) The in-
struction Debug.Print places output in the immediate window, which is activated
via View|IMMEDIATE WinNDOW or with Ctrl+G.

The immediate window contains the last two hundred outputs implemented
by Debug.Print. Inz the immediate window you can input instructions that are ex-
ecuted immediately when Return is pressed. The immediate window is particu-
larly useful for testing variables or properties, for example by instructions such as
?varname or ?Application.ActiveSheet.Name (outputs the name of the active
worksheet). The question mark is an abbreviation for the Print method. Floating
point numbers are generally displayed in the immediate window to at most eight
places beyond the decimal point, even when sixteen places exist.

In the immediate window it is also possible to assign values to variables or
properties or to start macros by giving their name. In the immediate window
you can introduce new variables without a previous declaration (even if Option
Explicit is in force in the program code).

“Watches” make it possible to define conditional halting points and the con-
tinuous display of the content of various properties or variables in its own watch
window. How to use the watch window will be described in full in Chapter 6,
where debugging is discussed. There we will also describe the window for the dis-
play of all active procedures.

Recording Macros

In principle, there are two possibilities for creating macros. You can either input
the macro at the keyboard, or you can use the command TooLs|Macro|RecorD NEw
Macro to record the sequence of some Excel commands in the form of VBA in-
structions. In reality, the most frequent way of creating macros is a mixture of the
two variants. First you use the macro recorder to create the basic form of the
macro, and then you edit the details of the macro with keyboard input.

The great advantage in recording macros is that you are spared the endless
search for the correct keywords. Even if the recorded macro represents your ulti-
mate goal only in bare outline, at least the objects, properties, and methods that
the recording produces will be useful.

The disadvantages of macro recording are, among others, that Excel often
produces unnecessarily elaborate code. In the recording of dialog input, for ex-
ample, all input possibilities are given (even if only one setting was changed).
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Starting and Ending Macros

The recording of macros normally begins in a worksheet with the New Macro
command mentioned above. Then you must give the name of the macro to be re-
corded and into which workbook the macro is to be recorded (usually in “this
workbook”).

The macro recording is terminated with ToorsIMacrolStop RECORDING or by
clicking on the corresponding tool (the small square).

Figure 3.3. The beginning of macro recording

In recording a macro, Excel usually produces a new module. After the record-
ing is done, you can cut and paste the macro’s code, if you wish, into another
module sheet (via the clipboard) and then delete the now empty module.

The Personal Macro Workbook

Macros that are to belong to a particular workbook should always be recorded in
“this workbook.” Macros that are to be universally available (for example, for gen-
eral improvement of Excel’s operation or for special tools) should, on the other
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hand, be saved in the “personal macro workbook.” This workbook is saved
under the name Personal .x1s in the user directory Application
Data\Microsoft\Excel\Xlstart and is loaded automatically when Excel is
launched. The macros in this file are therefore always available.

Frequently, the personal macro workbook’s window is kept hidden, so as not
to take up valuable monitor real estate. This has the additional benefit of protect-
ing this workbook against accidental changes. The workbook can be made visible
via Winpowl|UNHIDE.

Absolute and Relative Macro Recording

During macro recording cell references can be made either relative to the start
position or with an absolute address. Which of these two variants is to be chosen
depends on the use to which your macro will be put. To switch between the two
modes you must use the tool RELaTIVE/ABsoLUTE REFERENCE on the “Stop Recording”
toolbar.

One can switch back and forth between these two macro recording settings as
many times as one wishes. The wrong choice of setting is often the reason that a
previously recorded macro does not function properly!

Keyboard Shortcuts

This section provides an overview of the most important keyboard shortcuts that
are used during program development. We shall not go into keyboard shortcuts
that hold generally under Windows (such as Ctrl+C to copy to the clipboard). The
keyboard shortcuts have been organized by the uses to which they are most
frequently put.

Changing the Active Window

Alt+F11 switches between Excel and the development environment
Ctrl+Tab switches among all Visual Basic windows

Alt+F86 switches between the last two active windows

Ctrl+G switches into the immediate window (debug window)
Ctrl+R switches to the project explorer

F2 switches into the object browser

F4 switches to the properties window

F7 switches to the code window
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Properties Window

Shift+Tab jumps to the object list field

Ctrl+Shift+X jumps to the property whose name begins with the letter X
Program Execution

F5 start the program

Ctrl+Break program interrupt

F8 execute a single command (single step execution)
Shift+F8 execute a command or call a procedure (procedure step execution)
Ctrl+F8 execute a procedure up to the cursor position
Ctri+Shift+F8 execute the current procedure to the end

F9 set a breakpoint

Ctrl+F9 determine the location of the next command

Code Window

Tab indent the selected block of lines

Shift+Tab unindent the selected block of lines

Ctri+Y delete lines

Alt+Backspace  undo changes

Ctrl+Z redo changes

Ctri+T/4 move the cursor to the next or previous procedure
Shift+F2 move to procedure definition or variable declaration
Ctrl+Shift+F2 return to previous cursor position (undo Shift+F2)
F6 change code sector (in split windows)

Ctrl+F find

F3 find again

Ctrl+H find and replace

Ctrl+spacebar  complete keyword or variable name

Tab complete selection in IntelliSense listbox

Esc exit IntelliSense listbox




CHAPTER 4

VBA Concepts

This chapter describes the language features of VBA and provides the theoretical
background for programming in VBA. The themes dealt with here include the use
of variables, procedural programming (loops, branches), and the management of
objects and events. It is in the nature of the subject that this chapter is rather dry.
But the information contained here is absolutely necessary for successful macro
programming.
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Variables and Fields

NOTE All example programs in this chapter can be found in the file
VBA-Concepts.xls.

Managing Variables

Variables are placeholders for numbers, characters, or other data. Variables are
used to store data during the execution of a program and to carry out computa-
tions with these data. The following example program shows a trivial application
of variables:

' Example file VBA-Concepts.xls, Module "Variables"
Option Explicit
Sub macroi1()
Dim length, width, area
length = 3
width = 4
area = length * width
Debug.Print area
End Sub

The variables length and width store the length and width of a rectangle, and
from these data the area of the rectangle is computed and stored in the variable
area. The result of the computation is then output via Debug.Printinto the imme-
diate window, where it can be viewed via Ctrl+G.

The instructions Sub macrol() and End Sub are necessary because VBA can
execute program code only if it is contained within one or more procedures. More
detail on this theme can be found in the following section. On the other hand, for
the management of variables, the lines Option Explicit and Dim length, width,
area are relevant. ’

Definition of Variables

If the instruction Option Explicit appears at the beginning of a module, then all
variables must be defined via the command Dim before they can be used. At first
glance this seems an undue burden, but in reality it is an important and effective
protection against typographical errors. Namely, Excel refuses to execute a proce-
dure until it knows about all the variables appearing in it.



Naming Variables

A variable name must begin with a letter, be of length less than 256 characters,
and contain no blank spaces, periods, or any of a number of other special char-
acters. Variable names are not case sensitive, and they may not coincide with
predefined VBA keywords, such as Sub, Function, End, For, To, Next, Dim, As.

Variable Types (Data Types)

In the example above three variables were defined using Dim, but no variable
type was specified. This is permissible in VBA—the program then automatically
chooses a suitable type. Nonetheless, it is a good idea if you know the variable
types provided by VBA to define variables with the desired type included in the
definition. In this way you will reduce the amount of time expended in editing,
the amount of space required for the program, and the probability of introducing
€errors.

VBA Concepts
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VBA VARIABLE TYPES
Byte: whole number between 0 and 255; requires 1 byte of storage
Boolean: truth value (True, False); 2 bytes

%  Integer: whole number between —32768 and +32767; 2 bytes

& Long: whole number between 2147483648 and +2147483647; 4 bytes

@  Currency: fixed point number with 15 places before and four after the decimal
point; 8 bytes
Decimal: This is not an independent data type, but a subtype of Variant, the
precision is 28 places; the number of places to the right of the decimal point
depends on the size of the number: A number whose integer part is ten digits
will have the remaining 18 places to the right of the decimal point; the allowed
range of numbers is +10?3; 12 bytes

#  Double: floating point number with 16-place accuracy; 8 bytes

! Single: floating point number with 8-place accuracy; 4 bytes
Date: for dates and times; the date is limited to the period between 1/1/100 and
12/31/9999, the time to the range 00:00 to 23:59:59; 8 bytes

$ String: a character string; the number of characters is limited only by the
amount of RAM (up to 2,147,483,647 characters); 10 bytes plus 2 bytes per
character
Object: objects; the variable stores a pointer to an object; 4 bytes
Variant: Default variable type, assumes one of the above variable types
according to what is required (with automatic conversion); the memory
requirement is at least 16 bytes, and with character strings 22 bytes plus 2 bytes
per character

In addition to the data types listed here, variables can be defined in all objects
defined in Excel (for example, as a Chart or Worksheet). In this case the variable
will be considered an object variable. Working with objects is discussed in greater
detail later in this chapter.

In the definition of variables with Dim the variable type can be determined
either by placing the label directly after the variable name or via the As data type.

With the keywords DefBool, DefCur, DefDbl, DefDate, DefInt, DefLng, DefObj,
DefSng, DefStr, and DefVar the default data type for variables with certain initial
letters can be preset. The commands must be given at the beginning of a module

82



VBA Concepts

(before the beginning of the first procedure), and they hold for the entire module.
The effect is best understood by means of an example.

DefSng a-f
DeflLng g, h

All variables that begin with the letters a, b, c, d, e, f will have data type Single,
while those beginning with g or h will be of type Long. The default data type holds
for all variables that are not bound to a different data type by a Dim command.

The Data Type Variant

By far the most universal data type is Variant. It is a preset type for all variables
whose type is not explicitly given. Variables of type Variant adjust themselves au-
tomatically to the data stored within them, and can thus contain integers, floating
point numbers, text, data, or Excel objects. However, the administrative overhead
for Variant variables is the greatest among all the data types.

Variables of type Variant, in contrast to other variables, can contain error
codes as well as two special values: Empty (indicates that the variable is empty;
Emptyis not the same as 0 or an empty character string) and Null (indicates that
no space is reserved in memory for the variable). The data type currently in resi-
dence in a Variant variable can be determined via the functions VarType, IsObject,
IsError, IsEmpty, and IsNull. The functions IsNumeric and IsDate determine
whether the content of variables can be transformed into a number or into a data
value.

CAUTION The comparisonx = Null is syntactically correct, but is handled
incorrectly. Even whenx is actually Null, the comparison returns Null in-
stead of True as its result! Therefore, always use IsNull(x)!

Computing with Whole Numbers

There are certain difficulties associated with computing with whole numbers in
VBA. The following example results in an overflow error. Such an error usually oc-
curs when the allowed range of values for the number is exceeded. The multipli-
cation below produces the value 65280, which actually can be stored easily in a
Longvariable (see above).

Sub macro_overflow()

Dim 1 As Long

1 =255 *256 ' here an overflow error occurs
End Sub
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The problem with this example is that in the multiplication of 255 and 256 ,
Excel internally interprets the two numbers as Integer numbers and thus invokes
its routine for the multiplication of numbers of type Integer. The result exceeds
the permissible range for numbers of type Integer and thus leads to an error be-
fore the definition of . A remedy exists in the form of the symbol “&”, which must
be placed after one of the two numbers. This signals Excel that the multiplication
routine for Long numbers should be invoked:

Sub macro_no_overflow()

Dim 1 As Long

1 = 2558 * 256 'now it works!
End Sub

Links Between Differing Data Types

VBA normally carries out type conversion automatically. Depending on the for-
mat of the target variable, this can lead to loss of data. If you associate a Variant
variable with the value 3.6 to an Integer variable, then the value 4 will be stored.
Datevalues are transformed by such linkages into floating point numbers whose
fractional part becomes the time and whose integer part is transformed into the
date.

Definition of Custom Data Types

Using the predefined data types in Excel you can create your own custom data
types. Such data types (which in other programming languages are known as
structures, records, or something similar) can be used to organize data to facili-
tate their management.

The definition of a new data type is introduced by the command Type and
ended by End Type. Within the data type one can place as many separate vari-
ables as one wishes in the form name As vartype (each on its own line). For char-
acter strings the keyword String, an asterisk, and a number can be placed at the
end. In this case the length of the string is limited to the given value.

In the example below the data type articleis defined, in which the name and
price of an article of merchandise can be stored. In real-world applications you
will probably wish to plan for additional elements such as article number and
supplier. The macro here shows the use of the data type: Access to individual ele-
ments is made through affixing the element’s name.

'example file VBA-Concepts.xls, Module "Type Article”
Option Explicit
Type article

artname As String



price As Currency

End Type

Sub macro()
Dim a As article, b As article
a.artname = "nuclear minireactor”
a.price = 3.5
b=a
Debug.Print b.price

End Sub

Data types are normally valid only within the module in which they are de-
fined. However, you can prefix the keyword with the keyword Type Public. Then
the data type is valid for all modules in the workbook. The possible scopes of vari-
ables are discussed further in the following section. Fields are allowed within a
custom data type. Fields, too, will be explained in the following section.

Constants

If you use symbols whose value will not change during the entire course of pro-
gram execution, such symbols should be declared as constants by means of the
keyword Const. You can give a data type to a constant just as with normal vari-
ables:

Const maxsize = 3
Const Pi2 As Double = 1.570796327 'Pi/2

In VBA there are countless constants already defined. In addition to the
values True and False and the Variant values Null and Empty, there are various
other values that can be used for setting properties or for evaluating methods.
These constants begin with the letters vb (for Visual Basic constant) or x! (for
Excel constant). The constant Pi is defined only as a method of Application and
therefore must be written in the form Application.Pi.

Fields

Fields are lists of variables of the same name that are referenced by one or more
index values. Fields are always used when several similar pieces of information
(for example, the entries in a matrix) are to be manipulated.

VBA Concepts
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Dimensioning Fields

Before a field can be used, it has to be defined. For this the command Dim is used,
where after the field name the greatest permitted index is given in parentheses.
The data type of the field is given as in the case of variables with a label or with
the keyword As.

Dim a(10) As Integer

Access to a field is always accomplished by giving an index. The example
below also demonstrates that two instructions can be given on the same line if
they are separated by a colon.

a(4) = 10: a(5) = a(4)/2

The index must lie within the range 0 to max_index (unless you select Option
Base 1; see below). With Dim a(10), then, a field with eleven elements is gener-
ated. If you wish, you can set the range of the field within an arbitrary interval,
such as between -5 and +7:

Dim a(-5 To 7) As Integer

Visual Basic also permits the defining of multidimensional fields, such as in
the following:

Dim a(10, 20) As Integer

This defines a field with 11 times 21 elements. With multidimensional fields,
too, indices can be given as arbitrary intervals.

With the instruction Option Base 1 at the start of a module you make the
index 0 impermissible. All fields will thereby become a bit smaller. Option Base
has no influence on the indices of enumeration methods predefined by Excel.
(Usually, the smallest index is in any case 1.)
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Dynamic Fields

Visual Basic also supports fields whose size can vary during program execution.
Such fields must first be dimensioned without explicit indices, as in the following
example:

Dim a() As Integer

At the place in a program where the field is required to have a certain size, the
command ReDim is given, as in the following example:

ReDim a(size)

The size of the field can later by changed with a further ReDim command. If
you append the keyword Preserve, then the contents of the field are preserved:

ReDim Preserve a(size + 10)

Fields can be defined to be arbitrarily large and to have arbitrarily many di-
mensions. The only limitation comes from the amount of memory available.

Deleting Fields

The instruction Erase deletes the contents of the elements of static fields (that is,
values are reset to zero, strings to the empty string, Variant variables to Empty).
With dynamic fields Erase deletes the entire field, and the reserved memory is
freed. Before further use the field must be redimensioned via ReDim.

Index Range

The functions LBound and UBound return the smallest and greatest permitted
index of a field. In the case of multidimensional fields the dimension whose index
bound is to be returned must be given in the optional second parameter. An ex-
ample of the application of these two functions appears in the next section,
where, among other things, the passing of fields to procedures is handled.

Data Fields

As if normal fields weren’t enough, Microsoft has promoted in VBA the concept of
the “data field.” Data fields are stored internally in individual Variantvariables,
even though they outwardly behave like fields. Many operations are possible only
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with normal fields, others only with data fields, and others with both types. There
are no transformation functions to mediate between the two types of fields.

Data fields are created with the command Array, in which the individual field
elements are listed. The Array expression is then linked to the Variant variables.
The first element has, depending on the setting of Option Base, the index 0 or 1.

In practice, data fields have the advantage over normal fields that they are
easier to initialize. With normal fields every element has to be defined individu-
ally, for example a(0)=1: a(1)=7: a(2)=3. But with data fields one can simply define
a=Array(1, 7, 3). The keyword Array cannot, alas, be used for defining normal
fields.

Dim x
x = Array(10, 11, 12)
Debug.Print x(1) ' returns 11

In the example above, x actually represents a Variant field. In contrast to a
normal field, which is declared with Dim x(2), here x can be passed as a field to a
procedure without an empty pair of parentheses being given.

Data fields (again in contrast to normal fields) can also be used as parameters
for many Excel methods. In the first example that follows the worksheets declared
as a data field are selected, while in the second example four adjacent cells of
“Table 1” are filled with values:

Sheets(Array("Table1", "Table2", "Table3")).Select
Sheets("Table1").[a1:d1] = Array("abc", "def", 1, 4)
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Syntax Summary

Variable Types (Data Types)

$ String character string
% Integer whole number (-32768 to +32767)
& Long whole number (-2431 to +2/31)
! Single floating point number with 8 significant digits
# Double floating point number with 16 significant digits
@ Currency fixed point number with 15 places before the decimal point
and 4 after

Date date and time value

Boolean true or false

Object pointer to an object

Variant arbitrary data

Declaration of Variables and Constants

Option Explicit
Dim varl, var2%, var3 As type
Const constl, const2#, const3 As type

Predefined Constants
True Empty vbXxx
False Null xIXxx

Using Variant Variables

IsNumeric(variable) test whether conversion to a number is possible
IsDate(variable) test whether conversion to a date or time is possible
IsObject(variable) test whether is a pointer to an object
IsError(variable) test whether is an error value

IsEmpty(variable) test whether is empty

IsNull(variable) test whether is not initialized

VarType(variable) numerical value representing the data type
TypeName(variable) character string describing the data or object type
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Custom Data Types
Type newtype

elementl As type

element2 As type
End Type
FIELDS
Option Base 1 smallest allowed index is 1 (instead of the default 0)
Dim field1(5), field2(10,10) one- and two-dimensional fields
Dim field(-3 through 3) field with negative indices
Dim field() temporarily empty field
Redim field4(10) dynamic redimensioning
Redim Preserve field4(20) as above, but data are not erased
Erase field() erases the field
LBound(field() returns the smallest permitted index
UBound(field() returns the largest permitted index

L/UBound(field(), n)

as above, but for the nth dimension

DATA FIELDS
Dimx
x=Array(xl, x2,...)

normal variant variable
definition

Procedural Programming

Procedural programming languages are distinguished by the fact that program

code is written in small, separate units. These program units (procedures) can be
called by one another, and parameters can be passed between them. Almost all of
the currently popular programming languages, such as Pascal, C, and modern di-
alects of Basic, belong to the family of procedural programming languages (un-
like, say, the languages LISP and Prolog).

This section describes the characteristic commands of a procedural language
for controlling the execution of a program and for the division of the program into
functions and procedures.

Procedures and Parameters

The two general syntax variants for procedures have already been revealed in the
previous examples: Sub name() ... End Sub defines a subprogram (=macro, =“pro-
cedural macro”). Procedures of this type can carry out certain actions (for exam-
ple, save the current workbook), but they do not return a value. For this rea-
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son there exists a second type of procedure, the function (=function macro, =user-
defined function). Functions are introduced by the keyword Function name() and
are terminated by End Function. Before a function is exited, that is, at the very lat-
estin the last line, the value that the function is to return must be specified by giv-
ing a value to the function’s name, name.

Note that procedures can call one another. If you wish to program a new
command, the procedure defining the command can call other subprograms and
functions. Procedures also serve to break up complex programming tasks into
small, bite-size modules.

The easiest way to understand the concepts of subprogram and function is by
means of an example. The subprogram macro calls the function func twice. In
func it is tested whether the first parameter is larger than the second. If that is the
case, the function calculates the difference between the two parameters and re-
turns this value. If not, the function returns the product of the two values. After
macro finishes execution the two values 12 (= 3*4) and 1 (= 7-6) are shown in the
immediate window.

' example file VBA-Concepts.xls, Module "Procedures"
Sub macro()
Dim result1, result2
resultl = func(3, 4)
result2 = func(7, 6)
Debug.Print result1, result2
End Sub
Function func(a, b)
If a > b Then func = a - b: Exit Function
func =a *b
End Function

The function func can also be used in worksheets: Input arbitrary values into
Al and B1, and in C1 place the formula =func(A1,B1). You will see that the func-
tion thus defined is executed without further ado. (Note that in worksheet formu-
las, parameters are separated by a comma.) In INserT|FuNcTION the function func is
placed in the category User DerINED (though without on-line help). Practical ex-
amples for user-defined functions can be found in Chapter 5.

Names of Procedures

The names of procedures are subject to the same restrictions as those for vari-
ables: The name must begin with a letter, may be at most 255 characters long, and
should contain no special characters other than the underscore “_". The name
may not be the same as that of a predefined keyword (see the VBA on-line help
under “naming rules.” Names of objects, properties, and methods are as a rule not
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considered keywords and can therefore also be used as the names of procedures.
It is allowed, for example, to define a procedure with the name Add, even though
many objects exist with a method of that name. VBA knows from the object’s
specification whether its Add method or your Add procedure is meant.

It is not allowed to give the same name to two procedures residing in the
same module. Procedures with the same name in different modules are, however,
allowed, but then when the procedure is called, the name of the module must be
prefixed to it. (More on this below.)

Premature Exiting of Procedures

The example func above contains the keywords Exit Function. When this instruc-
tion is encountered, the function is exited prematurely, that is, before reaching
End Function. Exit Function can be placed anywhere within the function. How-
ever, the return value of the function must have been previously determined by a
reference to the function’s name (otherwise, the function will return, depending
on its data type, 0, the empty character string, False, or Empty). Subprograms can
be exited at any time via the instruction Exit Sub. There is no return value to
worry about for this type of procedure.

The Data Type of the Value Returned by the Function

Functions are distinguished from other subprograms by their return value. The
data type of the return value should be defined as in the case of defining a vari-
able. In the example above no data type was defined, and furnc therefore returns
its result in the default data type Variant. The two lines below demonstrate the
two different ways in which the function func can be defined to return a value of
type Double.

Function func(a, b) As Double
Function func#(a, b)

The Parameter List

The rules that hold for the definition of the data type of a variable and a function
hold, naturally, as well for the parameters of subprograms and functions. For rea-
sons of efficiency and reliability, data types should be given for all the parameters
of a procedure. If both parameters of the function func are declared as Double,
then the two definition options look as follows:

Function func(a As Double, b As Double) As Double
Function func#(a#, b#)
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It can be seen from this example that the use of such type declaration char-
acters leads to clearer and shorter definitions.

Value and Return Parameters

Normally, parameters in VBA procedures are return parameters. This means that
their content can be changed by the procedure and that this change affects the
variable in the calling procedure. Let us consider an example to demonstrate this
principle:

Sub array_macroi()
Dim a%, b%
a=4:b=6
array_macro2 a, b
Debug.Print a, b

End Sub

Sub array_macro2(x%, y%)

X =X%*2
y=y/2
End Sub

After array_macrol has finished executing, the values 8 and 3 have been out-
put to the direct window. Thus array_macro2 has altered the values of the two var-
iables a and b from array_macrol. The parameters x and y in array_macro2 are
called return parameters because the change in the variables is returned to its
origin, the calling procedure. (In more sophisticated programming languages
such parameter passing is called “by reference” or “by pointer,” because not the
data themselves are passed, but a pointer, or reference, to the memory location
allocated to the variable in question.) A return value is then possible only if at the
time the procedure is called, the actual name of a variable is given. In the macro
call array_macro2 1,2 no value can be returned (1 and 2 are constants), nor can it
happen in the case of compound expressions like array_macro2 a+1,blc.

If you wish to avoid the possibility that a procedure can change the variables
sent to it, then you must append the keyword ByValin the parameter list of the
procedure’s definition. These parameters then are value parameters and behave
within the called procedure like independent variables. A change in a parameter
within the called procedure has no effect on the variables outside of that proce-
dure:

Sub array_macro2(ByVal x%, ByVal y%)
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Passing of Fields

Not only can single values be passed to a procedure, but fields as well. For this the
parameter must be identified as a field in the parameter list (append an empty
pair of parentheses). Fields are always return parameters, and the keyword ByVal
is not allowed.

The variable type of a field that is given when a procedure is called must coin-
cide with the variable type of the procedure’s parameters. Thus it is not allowed to
pass an Integer field to a procedure whose parameter is defined as a Variant field.
(This is different from the case of normal parameters: You can send an Integer
number to a procedure that expects a Variant value; it will be automatically con-
verted.)

The example below shows a loop in which all of the elements of the field are
output to the immediate window. In the case of multidimensional fields, in this
loop first the first index is varied (that is, the sequence f(0,0), f(1,0), ..., f(0,1),
ftl,1), ...; etc.). This behavior is not documented, and it is possible that in future
versions of VBA this will change. The Forloop will be discussed more fully below:

Sub array_macro3(arr())
Dim var
For Each var In arr()
Debug.Print var
Next var
End Sub

Within a procedure you can use the functions LBound and UBound to deter-
mine the admissible index ranges within the different dimensions of a field. There
is, however, no function that determines the number of dimensions of the passed
field. You can determine the number of dimensions relatively easily, though, if
you construct a simple error-handling routine.

In the example below three fields are dimensioned; the first is empty, the sec-
ond has three dimensions, and the third has two. The procedure array_macro4
calls the procedure arraytest for each of these fields and passes as parameters the
individual fields. In arraytest first a loop is run that deliberately causes en error as
soon as UBound is executed for a nonexistent dimension. (This is the only way to
determine the number of dimensions of a field!)

This error is caught in the program unit arraytest_error, and the procedure is
continued with arraytest_continue. In the following loop the index limits are given
for each dimension.

POINTER Information on For loops can be found below in this section. The
mechanisms of error handling will be described in Chapter 6.



' example file VBA-Concepts.xls, Module "Procedures"
Sub array_macro4()

Dim array1()

Dim array2(4, 5, 6)

Dim array3(-2 To 2, 1 To 4)

array2(1, 2, 3) = 4

arraytest arrayi()

arraytest array2()

arraytest array3()
End Sub

Sub arraytest(arr())

Dim i, dimensions

On Error GoTo arraytest_error

For i = 1 To 10: dimensions = UBound(arr, i): Next i

arraytest_continue:

dimensions = i - 1

Debug.Print dimensions, " Dimensions"

For i = 1 To dimensions
Debug.Print "Dimension
Debug.Print " to "

Next 1

Exit Sub

arraytest_error:

; LBound(arr, i);
; UBound(arr, i)

; i;

' this code is executed as soon as the program tries to access a nonexistent
' dimension

Resume arraytest_continue
End Sub

array_macro4 produces the following output in the immediate window:

0 dimensions
3 dimensions
Dimension 1 : 0 to 4
Dimension 2 : 0 to 5
Dimension 3 : 0 to 6
2 dimensions
Dimension 1 : -2 to 2
Dimension 2 : 1 to 4

VBA Concepts

95



Chapter 4

96

Matrices as Parameters

Excel matrices can be passed as parameters to procedures. Matrices are linked re-
gions of cells in Excel worksheets. Excel has its own worksheet functions, such as
LINEST, that return not a single value, but a matrix containing several values. See
also Chapter 5, where the use of the function LINEST and the programming of
customn matrix functions are described.

Excel automatically converts matrices into one- or two-dimensional fields.
Nonetheless, matrix parameters must be given in the form of normal Variant vari-
ables in the parameter list, and not, say (which would be more logical), as field
parameters. (Internally, matrices are not treated like normal fields, but as data
fields (arrays).) Within a procedure individual elements of a matrix can be ac-
cessed as in the case of a field (matrix(n) for a one-dimensional matrix and
matrix(n,m) for a two-dimensional matrix).

The following example shows a function that returns the number of matrix
elements. Within the worksheet you can call this function with
=matrix_func(D17:D19), provided that D17:D19 is formatted as a matrix (select
the region of cells, input formulas or numbers, and close with Shift+Ctrl+Return).
The function returns the result 3; =matrix_func(LINEST(...)) returns the number
of resultant cells that the function LINEST returns:

Function matrix_func(matrix)
Dim x
For Each x In matrix
matrix_func = matrix_func + 1
Next x
End Function

Optional Parameters

Under normal circumstances, when a procedure is called it has passed all the pa-
rameters defined in the procedure. With the keyword Optional it is not necessary
to pass such a parameter. Within the procedure you must, however, test with
IsMissing whether such parameters have been passed in the procedure call.

As soon as a parameter has been designated as Optional, all further parame-
ters will be so declared. (That is, it is necessary first to define all the nonoptional
parameters and then the optional ones in the parameter list.)

The following procedure increases the value of the parameter x either by 1 or,
in the event that the second parameter has been passed, by y.
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Sub increment(x, Optional y)
If IsMissing(y) Then
X=X+1
Else
X=X+Yy
End If
End Sub

Variable Number of Parameters

Optional parameters have the disadvantage that the number of them is predeter-
mined. If you wish to formulate a procedure to which an arbitrary number of pa-
rameters can be passed, then you must use the keyword ParamArray and use a
Variant field. Then arbitrarily many parameters can be passed to the procedure,
which can then be evaluated in a For-Each loop. ParamArray is not compatible
with Optional: You must decide between optional parameters and a variable
number of parameters. Note further that all parameters of a ParamArray are value
parameters, A change in the original variables is thus not possible.

The example below shows the function sum, which forms the sum of all the
parameters passed to it. The Forloop is dealt with further below. You can refer to
the individual parameters with x(0), x(1), x(2); the problem is that VBA provides
no possibility of determining the number of parameters (see above).

Function sum(ParamArray x())
Dim var
For Each var In x()
sum = sum + var
Next var
End Function

Calling a Procedure

In calling a procedure a distinction must be made between subprograms and
functions. With subprograms one simply writes the name of the procedure fol-
lowed by the list of parameters. With functions the parameters must be placed
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within parentheses, and the return value must be applied in some way (for exam-
ple, in a definition of a variable or as the parameter to another function):

macrol ' subprogram without parameters
macro2 paral, para2 ' subprogram with two parameters
result = funci() " function without parameters

result = func2(parai, para2) function with two parameters

Named Parameters

With procedures having many optional parameters the form of parameter passing
described above often leads to very unclear instructions. For example, if the first,
second, and eighth parameters are given, the call looks something like this:

macro paral, para2, , , , , , para8

It now requires careful counting to establish what meaning the parameter
para8 actually possesses. For this reason there exists an alternative form of pa-
rameter passing, under which only those parameters that are really necessary
need be given. So that VBA can know what meaning the parameter names have,
the parameter name must be given as well.

The concept can be easily understood with the help of an example. Assume
that you have written the following program as part of a database application:

Sub insertRecord(name, address, Optional telNr, _
Optional birthdate, Optional email)

When this procedure is called you must give at least the name and address. If
you furthermore wish to give the birthdate, then both calling variants, first the
traditional one, then the one with named parameters, look as follows:

insertRecord "Polsky, Ned", "143 West 4th Street, New York, NY 10012, ", , _
#10/20/1928#

insertRecord name:="Polsky, Ned", _
address:="143 West 4th Street, New York, NY 10012", birthdate:=#10/20/1928#

Although it is nowhere documented, there is also the possibility of combining
both forms of parameter passing. You can give the first # parameters as unnamed,
and the rest named. Thus there is a third variant of insertRecord, one that is
shorter and clearer than the two other variants:

insertRecord "Polsky, Ned", "143 West 4th Street, New York, NY 10012", _
birthdate:=#10/20/1928#



When you are working with named parameters, the order of the parameters is
irrelevant. However, it is always necessary that all nonoptional parameters be
given. The concept of named parameters holds, of course, for all VBA methods
and functions. The automatic macro recording process uses named parameters
intensively, which can lead to instructions like the following:

ActiveChart.ChartWizard Source:=Range("A1:A4"), Gallery:=x1Column, _
Format:=6, PlotBy:=x1Columns, Categorylabels:=0, SerieslLabels:=0, _
HaslLegend:=1

Recursion

A subprogram or function is called “recursive” if it calls itself. With recursive sub-
programs or functions certain programming problems, particularly those involv-
ing complex data structures, can often be solved simply and elegantly. The sim-
plest and best-known example of a recursive function is the calculation of the
factorial function. The factorial of a nonnegative integer n is defined to be the
product of all integers between 1 and . The factorial of 5, for example, is
1*2*3*4*5=120. The recursive possibilities arise from the observation that n! =
n*(n-1!forn21.

' example file, vba-concepts.xls, Module "procedures”
Public Sub testrecur()

Debug.Print recur(3)
End Sub
' recursive procedure for calculating the factorial of x
Function recur(x)

If x <= 1 Then

recur = 1
Else

recur = x * recur(x - 1)
End If

End Function

The execution of the program for calculating the factorial of 3 runs as follows:
The function recur is called; x has the value 3. In the If conditional, therefore,
the Elseblock is executed. There recur is called again, this time with x=2. Again,
the Elseblock is executed, now with x=1. Now the Ifcondition is satisfied, and the
third call returns the value 1. The program execution now finds itself back at the
second level, in which x=2. The result is then multiplied by the returned value 1
(vielding 2), which is returned to the first level, where x=3. There the return value
2 is multiplied by x=3 and returned to the Print method in restrecur, where the
calculation was begun.

VBA Concepts
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In the course of this calculation there were therefore three simultaneous vari-
ables x all with different values. With each new invocation of the function a new
(local) variable x is defined. (See also the following section for a discussion of the
scope of a variable.)

If this foray into the factorial function is your first contact with recursive
functions, then you have probably been having a rough time grasping all the de-
tails of the program’s execution. Add the following as the first and last lines to the
factorial function:

MsgBox "x=" & x & " recur=" & recur
You can then better follow the path of the program as it runs. MsgBox displays

the text from the character strings “x=" and “recur=" and the values of the associ-
ated variables in a small dialog window, which you must acknowledge with Oxk.

NOTE You can also use Visual Basic’s debugging facilities to follow the cal-
culation better (see Chapter 6).

Realm of Validity of Variables and Procedures
All variables and procedures can be used only in a particular realm of validity.
This realm is the region of program code or in Excel in which a variable can be
read and changed, or a procedure called. VBA recognizes, according to the setting,
three or four realms of validity:

» within a procedure (local variable)

¢ within a module (module variable)

 within a workbook (global variable)

¢ within Excel (thus valid for several Excel files)

For variables all four levels exist, while for procedures only the last three are
valid.

Variables and Constants

Variables that are defined at the start of a module (though outside a procedure)
with Dim can be used throughout the module, and therefore in all procedures de-
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fined within the module. Module variables thus make possible the use of com-
mon data in several procedures and simplify the efficient exchange of data.

In contradistinction to these there exist variables that are defined within a
procedure. These “local” variables can be used only within the code of the proce-
dure in which they are defined.

This concept makes it possible to use variables with the same name in differ-
ent procedures without them influencing one another. If both a local variable and
amodule variable with the same name exist, then within the procedure the local
variable is valid, and outside it (that is, in all other procedures), it is the module
variable that holds sway.

Public (= Global) Variables

Instead of the keyword Dim at the level of a module (outside of procedures) the
keyword Public can be used. Public has the same syntax as Dim (see above).

If you wish to access a public variable defined in one workbook in a second
workbook, then in the second workbook you must construct a reference to the
first workbook (command TooLsIREFERENCES; see also the following section, on the
subject of object libraries and references).

If at the beginning of a module the instruction Option Private Module is
given, then the variables defined therein can be accessed only from within the
workbook. Without the instruction (that is, in the standard situation) global vari-
ables can be used from other workbooks.

Module Variables
All variables defined outside of a procedure with Private or Dim are considered

module variables. Here Private functions the same as Dim, but it is perhaps
clearer (since the realm of validity of the variable is so unambiguous).

Local Variables

Local variables are defined with Dim. The command must be used within a
procedure. (Private and Public cannot be used within a procedure).

Static Variables

Local variables are normally deleted when a procedure has finished executing
and the memory that has been allocated to them is released. If you wish to pre-
serve the value of a variable that it had the last time a procedure was called, you
must then define the variable to be “static.” For this you use Staticinstead of Dim.

101



Chapter 4

102

If you apply the keyword Staticin a procedure definition before Sub or Function,
then allvariables of the procedure will be defined as static.

Procedure Parameters

Parameters of procedures act locally (defined by Dim) within a procedure. In re-
cursive procedure calls ByVal parameters act like static variables; that is, their old
values remain available for use after the recursive return.

Combined Variable Names

When you wish to access variables of the same name outside of the current mod-
ule or procedure level, you must prefix the name of the module and if necessary
the name of the workbook as well, yielding something like the following:

modulename.variablenname
[WORKBOOK.XLS] .modulename.variablename

Life Span of Variables

Normally, the content of variables is saved only as long as the code in the valid
realm is being executed. For example, a local variable loses its validity (and its
content) as soon as the procedure’s code has finished executing. The only excep-
tions to this rule are the static variables (keyword Static), which are saved after a
procedure has terminated until the file is closed.

Global variables that are defined in modules have the same life span as static
variables: Their value is preserved until the file is closed.

Regardless of the type, the contents of all variables are erased when the pro-
gram code is edited (and therefore recompiled).
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Constants

In general, what holds for variables holds for constants as well. Constants that are
to be valid in all the modules of a workbook must be preceded by the keyword
Public.

Procedures

Procedures are generally categorized as public, that is, they can be used in all
modules of the same workbook. If a procedure is to be used in other workbooks as
well, then in every workbook a reference must be made to the workbook in which
the procedure is defined (with the command TooLsIREFERENCES; see also the next
section, on the theme of object libraries and references).

If procedures of the same name exist within a workbook, then the module
name must be prefixed to the procedure call. Procedures of the same name in dif-
ferent workbooks must be identified uniquely by the file name of the workbook.
modulename.macro ' within the current workbook
[WORKBOOK.XLS].macro ' in another workbook
[WORKBOOK.XLS].module name.macro ' in another workbook

If you wish to prevent the use of a procedure outside of the module in which
it is defined, then you must write Private before the keyword Sub or Function.
This should be done for all procedures that are designed to be used only within a
particular module. The declaration “private” not only prevents accidental and
therefore erroneous use, but also simplifies the selection of macros in ToorLsIMac-
ros and INSErTIFUNCTION.

When you employ the instruction Option Private Module at the beginning of
amodule, then all procedures of that module will be closed outside of that work-
sheet. The option is confusingly formulated: The procedures can be used in other
modules of the same workbook. This option is therefore less restrictive than the
keyword Private.

As with Private, you can prefix a procedure with the keyword Public. This key-
word has no effect, however, since procedures are public by default. The program
code will, however, be somewhat clearer.
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Add-1Ins

Excel programs that were saved as add-ins (see Chapter 14) differ in one respect
from normal workbooks: The procedure name need not be prefixed with a file
name, even when the procedure is used outside of the add-in.

Accessing Variables and Procedures
in Another Workbook

To access variables and procedures belonging to another workbook from within a
workbook, two conditions must be fulfilled: First, the variables in the other work-
book must be declared as Public, and procedures may not be declared as Private.
Second, a reference (via TooLsIREFERENCES) must be made to the workbook whose
variables or procedures are to be used. If like-named variables or procedures
exist, then the variable names must be preceded by the module or file name (see
above).

Internal Management of Variables

Excel stores the names of all variables and procedures that appear during the
course of program development in an invisible table. Experience has shown that
variable names change frequently during the programming process, and many
test procedures are deleted. Therefore, the internal name table becomes full of
data trash over time, resulting in bloated Excel files. The only method of clearing
this invisible table consists in saving all modules as text files, then deleting all
modules, and finally creating new modules out of the text files. This convoluted
method really makes sense only if you wish to pass along the application in the
form of an add-in.

Summary of Keywords

Dim var defines local procedure or module variables.

Private var has the same effect as Dim in variable declaration.

Public var defines global variables (possible only at the module level); the
realm of validity (scope) depends on the setting of Option Private

Module.

Static var defines local static variables (possible only at the level of a proce-
dure).



Sub/Function defines public procedures; scope depends on Option
Private Module.

Private Sub/Function  defines local procedures, usable only within a module.
Public Sub/Function like normal Sub/Function, that is, also public.
Static Sub/Function defines all Variables of the procedure as static.

Option Private Module limits the scope of public variables and procedures to
the current workbook. Without this option the variables
and procedures can also be used in other workbooks, to
the extent that references have been made.

Branching (Tests)
Branching with If-Then-Else

With Iftests it is possible to execute particular program segments according to
whether certain conditions are met. The program code “branches” into several
pieces, of which only one will be executed.

The following example demonstrates the form of an Iftest: InputBox (for de-
tails see Chapter 7) calls for the input of a number. The input will then be eval-
uated: The first Iftest checks whether instead of a number, text was input. If that
is the case, then the message “This is not a number!” appears. Otherwise, with
Elselfthe further distinction is made as to whether the number is greater than 10.

' example file VBA-Concepts.xls, Module "LoopsAndConditions"
Sub macro_if()
Dim number
number = InputBox("Type in a number, please!")
If Not IsNumeric(number) Then
MsgBox "This is not a number!"
ElseIf number > 10 Then
MsgBox "The number is larger than 10"
Else
MsgBox "The number is greater than or equal to 10"
End If
End Sub
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This example illustrates just about everything there is to explain about If
tests. The general syntax is introduced by If condition Then and terminated by
End If. In between there can be a simple piece of code (one or more lines), which
will then be executed only if the condition is satisfied. Additionally, after Else
another piece of code can appear, which will be executed if all the previous con-
ditions were not fulfilled. And finally, before Else there can appear an arbitrary
number of Elself-condition-Then blocks to distinguish different cases.

Every block following Then or Else can itself contain further procedural struc-
tures (including further branches or loops). In addition to the multiline Ifsyntax
there exists a one-line version. This, however, is suitable only for simple tests:

If nr > 10 Then MsgBox "."
If nr < 5 Then nr = nr * 2 Else MsgBox

Formulating and Evaluating Logical Conditionals

In Ifbranches and in loops (see the following section) you must always formulate
logical conditionals. For this purpose you have available the comparison opera-
tors =, <>, <, >, <=, and >=, by means of which you can determine whether two ex-
pressions are equal, or whether one of the two expressions is less than, less than
or equal to, etc., the other. For comparing two character strings there is the addi-
tional operator Like, with which you can recognize the form of a character string
(“T*son” for “Thompson”, “Thomson”, or “Tomson”).

The result of a comparison is a truth value. In the binary system of a com-
puter there are only the two values True and False. For the two keywords True and
FalseVBA uses the values -1 and 0 internally. In logical conditionals every value
unequal to 0 is considered to be True, that is, in the instruction If 3 Then, the If
condition is satisfied (is true, since nonzero).

In addition to conditionals various functions can also return a truth value,
such as the IsXxx functions, which determine whether an expression corresponds
to a particular data type (IsNumeric, IsDate etc.).

In VBA you can join several comparisons together. In this case as well the re-
sult of the entire expression is a truth value. The first example below tests whether
ais less than 5 or greater than 10, while the second example tests whether a is be-
tween these two values. In the third example the goal is to exclude the possibility
that a contains the value Null or has not yet been allocated.

If a<50ra> 10 Then ..

If a > 5 And a < 10 Then ..

If Not (IsEmpty(a) Or IsNull(a)) Then ..
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The joining operators are And and Or as well as the less frequently used Xor,
Imp, and Eqv. With Not a truth value can be inverted (analogous to the minus sign
for addition or reciprocal for multiplication).

POINTER Later in this chapter we give an overview of the operators de-
fined in VBA. For information on working with character strings (includ-
ing the comparison of strings), see Chapter 5.

Branching with Select Case

An alternative to the Iftest is another branching structure, introduced by the key-
word Select Case. This variant can lead in many cases to the formulation of more
easily readable branching code. This branching structure is also most easily un-
derstood by means of an example, one that also determines the range of values of
an input number. Note that this time it is not tested whether the input is actually
anumber. If you input the character “x”, then VBA will respond with an error mes-
sage (since the character “x” cannot be compared with a number).

Sub macro_select()
Dim numbex
number = InputBox("Type in a number, please!™)
Select Case number
Case 1, 2, 3
MsgBox "1, 2 or 3"
Case 4 To 10
MsgBox "Between 4 and 10"
Case Is > 10 '
MsgBox "Greater than 10"
Case Else
MsgBox "Less than 1"
End Select
End Sub
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The syntax of Select Case can be easily understood from this example. Follow-
ing Select Case the expression to be analyzed must be given. This holds for the en-
tire branching structure (which in comparison to Ifbranching represents a limita-
tion). In the following Case branches, conditions must be formulated that the
expression is to satisfy. These can be individual values, ranges indicated by the
keyword 7o, or Is conditionals similar to what occurs in an Ifbranch. Here Is rep-
resents a reference to the expression given at the start of the Select Case.

Loops

Loops serve the purpose of allowing program code to be executed repeatedly. VBA
has three such structures: For-Next, Do—-Loop, and While-Wend.

Loops with For-Next

The simplest type of loop is constructed with the commands For and Next. Here
initial and terminal values are given to a variable at the start of the loop. The in-
itial value is increased each time the loop is executed, until finally the terminal
value is reached.

The following example shows the simplest variant of a Forloop. The variable i
runs over the values from 1 to 5.

Sub macro_loop1()
Dim i
For i = 1 To 10
If i > 5 Then Exit For
Debug.Print i
Next i
End Sub

With the optional keyword Step a value can be given by which the loop vari-
able is to be increased each time through the loop (the default value, without
Step, is 1). In the example below the loop runs from —0.3 to +0.3 with step size 0.1.
For the loop variable i the data type Doublehas been given.

Sub macro_loop2()
Dim i As Double
For i = -0.3 To 0.3 Step 0.1
Debug.Print i
Next i
End Sub



However, the result of this loop is not completely convincing. In the immedi-
ate window the following values are output:

-0.3

-0.2

-0.1
2,77555756156289E-17
0.1
0.2

The repeated addition of 0.1 has resulted in round-off error. This round-off
error results not only in the rather unattractive display of 2.77555756156289E-17,
but also in the sad fact that the terminal value 0.3 is never reached. (At the end of
the loop i has the value 0.30000000000000006. This value is minimally greater
than 0.3 and leads to the loop being broken off prematurely.) The problem can be
solved by a more careful formulation of the loop condition:

For i = -0.3 To 0.300000001 Step 0.1

The design of a Forloop is such that it may not be executed even once. That is
because even before the first pass through the loop it is checked whether the loop
conditions are valid. A loop that begins For i=5 To 1 will thus not be executed even
once (unless a negative step size is assigned with Step). At the end of the Forloop
the loop variable contains the value for which the loop condition first failed to be
satisfied. After the loop For i=1 To 10, for example, the variable i contains the
value 11.

Forloops can be prematurely exited with Exit For. In the following example
the values 1, 2, 3, 4, 5 are output. With For i=6, the Ifcondition is fulfilled, which
leads to a premature exit from the loop

For i = 1 To 10
If i > 5 Then Exit For
Debug.Print i

Next i
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Loops with For Each-Next

In VBA there exists a special form of the Forloop that is designed especially for
working with fields and enumeration methods. (Enumeration methods will be ex-
pounded in the next section. With them you can access associated objects in a
group, such as all sheets of a workbook or all tools on a toolbar.) The example
below outputs the names of all the worksheets in the current workbook:

Sub macro_loop3()
Dim w As Worksheet
For Each w In ThisWorkbook.Worksheets
Debug.Print w.Name
Next w
End Sub

The syntax is somewhat different from that of normal Forloops: The variable
is given after For Each, and the collection object after the keyword In. During the
processing of the loop the collection object can be accessed directly via the loop
variable.

In using a For-Each loop you should not assume that the elements will be
processed in a particular order. It is not documented in what order the elements
are associated to a loop variable. However, with most collection objects instead of
a For-Eachloop you can use a traditional loop and access the individual elements
with indices as in the case of fields.

Sub macro_loop4()
Dim i
For i = 1 To ThisWorkbook.Worksheets.Count
Debug.Print ThisWorkbook.Worksheets(i).Name
Next i
End Sub

Loops with Do-Loop

Forloops are in one respect inflexible: It is determined at the outset how many
times the loop will execute. The keywords Do and Loop assist in the formulation
of more general loops. In their simplest form these two commands can be used to
create an infinite loop:



Sub macro_loop5()
Do
Debug.Print "and so on"
Loop
End Sub

Once you have started such a loop, you can interrupt it only with the key-
board combination Ctrl+Break. Infinite loops are seldom useful in practice. There-
fore, there are two ways in which the above loop can be programmatically ter-
minated: By the command Exit, which we have already encountered in the For
loop, which here must follow the keyword Do (and not Loop), or by providing a
condition at the beginning or end of the loop. Conditions can be given either in
the form While or Until. In the first case the loop is executed until the given con-
dition is satisfied. In the second case the effect is the opposite: The loop is exe-
cuted until the condition becomes true (or, alternatively, while the condition is
not satisfied).

Although it may seem at first glance that it makes no difference whether the
condition is given at the beginning or at the end, this is not the case: If you give
the condition While, then it can happen that the loop will, in fact, never execute
even once. If, on the other hand, the condition is formulated with Loop, the loop
must execute at least once.

In the example below, the variable i is increased by 1 each time through the
loop until it is broken off when the value 11 is reached.

Sub macro_loop6()
Dim i As Integer
i=1
Do

Debug.Print i
i=1i+1
Loop Until i > 10
End Sub

Loops with While-Wend

Loops with While...Wend offer nothing new with respect to the loops with Do ...
Loop. The only difference is that there is now the possibility of terminating the
loop prematurely with Exit.
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While i < 10
i =1+ 1: Debug.Print i
Wend

Do While i < 10 ' the same loop [[?]]
i =1+ 1: Debug.Print i
Loop

Syntax Summary

Below, square brackets enclose optional commands, which may be given but do
not have to be.

Definition of Procedure

Sub macro( [parameterlist] )

' “[Exit Sub] exit program prematurely
E#;;Sub

Function func( [parameterlist] ) [As data type]

[func = ...: Exit Function] exit function prematurely

func=...
End Function

Definition of the Parameter List

paral, para2, para3 3 parameters in default data type Variant
para As datatype parameters in given data type

para() [As datatype] Field ‘

ByVal para [As datatype] value parameter

Optional para [As datatype] optional parameter

ParamArray para() List with variable number of parameters
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Evaluation of Parameter in Procedure Code

true_false = IsMissing(para)
For Each x In para()

Next x

test whether an optional parameter was passed

loop through all parameters of an argument list

Procedure Call

macro x1, x2, x3

result = function(x1, x2, x3)
macro paral:=x1, para3:=x3
result = function (paral:=x1)

traditional input of all parameters (subprogram)
traditional input of all parameters (function)
named parameters (subprogram)

named parameters (function)

Definition of Variables at the Module Level

Dim var

Private var

Public var

Option Private Module

module variable

module variable (same effect as Dim)

public variable (all modules)

public variable accessible only within the workbook
(also with reference)

Definition of Variables at the Procedure Level

Dim var
Static var
Static Sub/Function name()

local variable, usable only in the procedure
as above, but retains the value
all variables of the procedure are static

Definition of Procedures

Sub/Function name()
Private Sub/Function name()
Option Private Module

public, for all worksheets

usable only in the current module

public procedures usable only with the workbook
(also with reference)
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Branching with If —Then

Ifcondition Then command one-line variant

If condition Then k1 Else k2 one-line variant with Else

If condition Then multiline variant
commands

Elself condition Then optional, arbitrarily many cases
commands

Else optional
commands

End If

Branches with Select — Case

Select Case expression

Case possibility1 arbitrarily many cases
commands

Case Else optional
commands

End Select

Possibilities in Select — Case

value single value

valuel, value2, value3 enumeration

value 1To value2 range of values

Is operator comparison value comparison condition with =, <, or >

Loops with While - Wend

While condition
commands
Wend

Loops with For — Next

For var=start To end [Step value]
commands
[If condition Then Exit For]
commands

Next var
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Loops with For Each — Next

For Each var In enumeration method or field()
commands
[If condition Then Exit For]
commands

Next var

Loops with Do - Loop

Do [While condition or Until condition] variant 1
commands
({If condition Then Exit Do]
commands

Loop

Do variant 2
commands
[If condition Then Exit Do]
commands

Loop [While condition or Until condition]

Objects
Working with Objects, Methods, and Properties
Objects

In VBA elements of Excel are called objects. The following list enumerates

the most common objects: Application (the Excel application in its entirety), Pa-
geSetup (page setup for printing), Workbook (Excel workbook), Window (an Excel
window), Worksheet (Excel worksheet), Range (a range of cells in a worksheet),
Chart (Excel chart), ChartArea (background of a chart), Axis (coordinate axis of a
chart), Line (line for the visual display of charts, forms, etc.), Oval (circle or el-
lipse).

There are about 150 objects altogether defined in Excel (to this are added still
more objects from other libraries; but more on that later). These objects are or-
ganized hierarchically. At the highest level is the Application object. For the prop-
erties of this object one can access loaded workbooks (Workbooks), and for their
properties the individual sheets (Chart and Worksheet) of the workbook. Chapter
15 contains a reference to all objects defined in Excel and gives an overview of the
object hierarchy.
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Accessing objects in Excel is useful only if the programmer can read and edit
an object’s specific data and add and delete new objects. To make this possible,
each object possesses a number of properties and methods.

Properties

Properties determine the characteristics of an object, such as the background
color of a chart, the alignment of a worksheet cell, the many options of Excel, or
the parameters of a page (such as header and footer). For the programmer prop-
erties look like predefined variables. The only formal difference is that almost
without exception, before the property name the object name must be given (for
example, Application.DisplayFullScreen). Most properties can be read and edited.
' tells whether Excel is in full screen mode (True) or (False)
Debug.Print Application.DisplayFullScreen

' activates full screen mode
Application.DisplayFullScreen
' changes the mode
Application.DisplayFullScreen

True

Not Application.DisplayFullScreen

A further difference between variables and properties is that the result of
changing a property is in most cases immediately visible. When in the above ex-
ample you change the property DisplayFullScreen, this has the same effect as ex-
ecuting the menu command Viewl|FuLL Screen. Excel thus reacts immediately to
changes in properties.

Methods

While properties are most nearly analogous to variables, methods are closer to
procedures. With methods you can execute instructions, for example save the cur-
rent workbook under a new name, delete a chart, or create a new toolbar. Meth-
ods make possible the accessing of other objects. For example, Sheets(n) or
Sheets(“sheetname”) returns a particular sheet of the workbook.

There exist two types of methods: those that correspond to a subprogram and
do not have a return value (Select, Activate, Delete, etc.), and those that cor-
respond to functions and return a concrete result. Many methods can be used
either with or without a return value, such as the Add method.

Enumeration Methods and Objects

A special role is played by the so-called enumeration methods, which end in the
plural “s” (such as Sheets, Windows). With these methods a group of similar sub-



objects can be accessed (by “subobject” is meant an object ordered lower on the
object hierarchy, such as Window with respect to Application). Enumeration
methods can also be used as the starting point for loops with For Each.

When enumeration methods are used without parameters, they refer for the
most part to enumeration objects of the same name. An enumeration object thus
means, then, the totality of several similar objects. For these objects there exists,
independently of their content, a number of coinciding properties and methods:
Count gives the number of objects at hand. With Add and Delete the listing can be
extended or shortened.

On the other hand, when the Objects method is used with a parameter, then it
refers to the elements with the given name (Sheets(“name”)) or to the nth element
(Sheets(n)), thus in each case to a single object. The index of the first element is al-
ways 1 (never 0). This way of giving parameters is actually a shorthand form. The
full syntax would be Sheets.Item(“name”).

Default Objects

In general, every property and method must be supplied with the object to which
the property or method is associated. That is necessary not least because there
are many properties and methods (in part with varying syntax) that can work with
a number of different objects. (With Add you can, depending on the object, create
a new chart, a new menu item, or a new workbook, for example.)

However, there are some properties and methods that have default objects as-
sociated with them. If these properties or methods are used without giving the ob-
ject, then they automatically assume that the default object is meant. The property
ActiveSheet refers automatically to the default object Application. This property
can also refer to a window or to a workbook. In that case the object must be given.

Default Properties

For many objects there exist default properties. This means that you can read or
change such a property without naming it in your code. For this reason the fol-
lowing two instructions have the same effect:

Debug.Print Application
Debug.Print Application.Value
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In the above example Valueis the default property of Application. (In this
case Valuereturns a character string with the content “Microsoft Excel”.) Default
properties have two disadvantages: First, they make code unclear, and second,
they are not documented.

Differences Between Objects, Properties,
and Methods

To distinguish between methods and properties we have the following rule of
thumb: Keyword with parameter means method; keyword without parameter
means property. Enumeration objects such as Sheets represent an exception,
since they can be used both with and without parameters.

It is not always possible to distinguish methods and properties from their in-
ternal aspects: Many actions that are carried out in VBA by methods could be
managed just as well by differently formulated properties, and vice versa. In the
end, it is the folks at Microsoft who have determined what is a method and what a
property. We leave it to you to judge whether there is madness to their methods!

To distinguish between objects and both methods and properties the follow-
ing rule might be formulated: Objects almost never appear directly in the instruc-
tions of program code. Even if it often seems as though objects are being named
directly, it is always a like-named method or property that is at issue. There is an
important exception to this rule: In the declaration of object variables, objects
(more precisely, object classes) are named directly.

Example 1

The following instruction appends a blank chart sheet to the current workbook.
This example demonstrates several aspects of dealing with objects: the interplay
of objects, methods, and properties; the use of named parameters; the use of
predefined constants:

Application.ActiveWorkbook.Sheets.Add Type:=x1Chart

Application gives the root object (the application program Excel).
ActiveWorkbook is a property of the object Application and refers to a Workbook
object. Sheets is a method (even if it looks like a property) that refers to a Sheets
object. Add is again a method of Sheets and makes possible the addition of new
worksheets. Add recognizes four named parameters, all of which are optional.
When no parameter is given, the method generates a new worksheet, which is ap-
pended in front of the currently active sheet. By means of the four parameters one
can determine the insertion point, the type of sheet (such as chart, table, module,
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macro template), and the number of sheets to be added. In the example above
only the type was specified, and in that case with the predefined constant xIChart.
The property ActiveSheet and the method Sheets refer automatically to
the active workbook of Excel (the active workbook is the default object). For
this reason, in the above instruction it is allowed not to mention the object:
Application.ActiveWorkbook. In the three following instructions this input
simplification will be taken into account.
The name of the new sheet cannot be set with Add. Following the Add
method, the new sheet is the active sheet. The name can thus be set without
problem in a further instruction by changing the Name property.

Sheets.Add Type:=x1Chart
ActiveSheet.Name = "My Chart"

Instead of the two lines above a single somewhat longer line will suffice:
Sheets.Add(Type:=x1Chart).Name = "My Chart"

The method Add will now be used not as a subprogram without return value,
but as a function. For this reason the parameter now appears in parentheses. The
result of the method (namely a reference to the new Chart object) will be further
modified with the property Name.

Example 2

Many methods are equipped with a huge number of parameters. A noteworthy
example from this viewpoint is the method ChartWizard, with no fewer than 11
parameters (all optional). This method is suitable for creating new charts as well
as for the rapid modification of existing charts. (See also Chapter 10, which is de-
voted to charts.)

When you work with such complex methods as ChartWizard, you can save
much time and grief if you first use the macro recorder. You thereby start off with
some code that actually runs, code that you can alter by degrees until it accom-
plishes exactly what you want it to do.

In the example below a new chart object is created in the active worksheet.
The four numerical values give the position and size of the chart within the work-
sheet and result from the selection of a rectangular frame during the recording of
the macro. (The position values are given in units of points, a point being about
1/72 inch.) The method Add is used here as a function (and not as above as a
command): The parameters are enclosed in parentheses. The result of the method
is further operated on with Select and made into the active chart. In the following
the method ChartWizard refers to this object (the active chart):
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' example file VBA-Concepts.xls, Module "CreateChart"
Sub CreateChart()
Sheets("Tab1").Activate
ActiveSheet.ChartObjects.Add(184.5, 110.25, 187.5, 69.75).Select
ActiveChart.ChartWizard Source:=Range("B3:B7"), _
Gallery:=x1Column, Format:=6, PlotBy:=x1Columns, _
Categorylabels:=0, SerieslLabels:=0, _
HaslLegend:=1
End Sub

Access to Active Objects

Excel recognizes a number of “active” objects, meaning marked or selected parts
of Excel—the active window, the selected sheet within it, the selected cells within
it, for instance. Access to these objects is accomplished by means of various
ActiveXxx or SelectXxx properties. Most of these properties are defined for the
Application object, which must be supplied additionally (since Application is the
default object). Some of the properties can, however, also be applied specifically
to another object. For example, ActiveSheet produces automatically the current
sheet of the active workbook. ActiveSheet can, however, also be prefixed by the
name of another workbook or a Window object. Then the property yields a refer-
ence to the currently active sheet of the currently active workbook or window.

Special mention should be made of the property ThisWorkbook. This prop-
erty refers to the workbook in which the VBA code that is currently being executed
is located. This workbook does not have to be the same as the ActiveWorkbook. In
fact, with the code of one workbook a worksheet of another can be worked on.

In modules associated with worksheets and forms as well as in class modules
the keyword Me can be used to refer to the related object. In a worksheet module
Me refers to a Worksheet object, in a form module to a UserForm object, and so on.

Properties for Accessing Active Objects

ActiveCell active cell in a worksheet

ActiveChart active chart in a worksheet/window/workbook/Excel
ActiveMenuBar active (currently visible) menu bar in Excel
ActivePane active pane of a window

ActivePrinter selected printer in Excel

ActiveSheet active sheet in a window/workbook/Excel
ActiveWorkbook active workbook in Excel

SelectedSheets selected sheets of a window
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Selection selected objects in a sheet/window/workbook/Excel; the
property can refer to quite different objects depending on
the selection; most frequently, Selection is used to access the
selected cells of a worksheet

ThisWorkbook workbook whose code is currently being executed
Me the object belonging to the module (for example, Worksheet,
UserForm)

The Object Browser (References)

An inseparable assistant in working with objects, methods, and properties is the
object browser. The object browser is a form that can be invoked via ViewlOsject
Browser or, more conveniently, with F2. This form has already been described in
Chapter 3.

In the browser are to be found all (well, almost all) currently available objects,
methods, and properties, including user-defined procedures. The entries in the
object browser are ordered by libraries. The two most important are the VBA and
Excel libraries.

The VBA library contains all instructions and functions that belong to the
VBA programming language except for those that concern special features of
Excel. Among other things, in the VBA library you will find commands for working
with character strings, for managing files, and for working with dates and times.
The VBA library is, unfortunately, incomplete. For instance, all the keywords for
procedural programming are lacking. (This restriction is perhaps determined by
the system; that is, it may be that this type of keyword cannot be integrated into
the browser. It would, of course, be nice if the documentation gave some indica-
tion of this situation, but that, alas, is not the case.) Also, there are none of the
normal functions that are easy to forget (such as the string function InStr).

The Excel library is a complete reference for all defined objects (about 150 of
them), the associated properties and methods, and the predefined constants. The
object browser also represents an important interface to the on-line help: After
selecting a keyword, you can get help on that word with the “?” button.

Also contained in the object browser are libraries of the currently loaded
workbooks and add-ins. By the library of a workbook is meant the directory of all
modules and the procedures contained therein. (Constants defined within work-
books are not shown.)
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Figure 4.1. The Object Browser

Excel Object Libraries

With Excel are included the following object libraries (among others):

Std0le2.tlb

Vbe6.d11

Excel9.olb

Mso09.d11

Fm20.d11

Scrrun.dll

Msado15.d11

basic functions for ActiveX automation (Windows system direc-
tory)

VBA object library (directory
Common Files\Microsoft Shared\VBA\VBA6\)

Excel object library (directory 0ffice2000\0ffice)

MS-Office object library with the objects common to all
Office components (directory 0ffice2000\0ffice)

MS Forms library for creating “intelligent worksheets”
(Windows system directory)

MS-Scripting runtime library with FSO objects for convenient
access to data (Windows system directory)

ADO 2.1 object library for database programming (directory
Common Files\System\Ado)



Usually, the first four of the libraries listed above are active. The MS Forms li-
brary is automatically activated as soon as you add a form to an Excel file. The
ADO library must be activated manually via TooLsIREFERENCES if you wish to em-
ploy database functions in VBA code.

Packaged with Excel are a number of add-in files, in the directory
0ffice2000\0ffice\Library and its subdirectories. Some of these files
contain functions that can be used in VBA, such as Analysis\Atpvbaen.xla,
Solver\Solver.xla, and MSQuery\Xlquery.xla. You will have to search out the par-
ticular file with ToovrsIRererencEsIBrowse. (That is, it is not sufficient to activate the
appropriate add-in with the add-in manager, Toors|Abp-Ins.) In the past, the use
of these add-in libraries led to numerous problems, which occurred particularly
when an application was given to another user.

Finally, the object model can be extended by means of external libraries that
in and of themselves have nothing to do with Excel. In this way external pro-
grams—such as Word or Access—can be controlled from within Excel. More infor-
mation on these control mechanisms can be found in Chapter14 under the head-
ing ActiveX automation.

Providing References to Object Libraries

Before the functions, objects, methods, and properties in external object libraries
can be used, a reference to them must be activated via TooLsIREFERENCES.

If the name of the required object library is not yet displayed in the REFERENCES
form, you can select and add the file using the Browst button. Only those files that
have been registered (that is, a key has been inserted into the Windows Registra-
tion database) are shown automatically. The files that are considered active are
those marked with a check. It is not sufficient that the file merely be shown in the
RerereNcEs form.

The information as to which references are active is stored separately for each
workbook. Even if an object library has been activated in one workbook, this li-
brary is considered inactive in another workbook until it is activated there.
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Figure 4.2. The References form

References to files that are no longer needed can be deleted simply by un-
checking them. References to the Excel, Office, and VBA libraries are always
needed and for that reason cannot be deactivated.

References to Other Workbooks

Just as you can set up references to object libraries, you can also set up references
to other workbooks. For this purpose, in the Rererences form are listed the file
names of all active object libraries. (The name of the currently active workbook is
not listed, since this workbook does not require a reference to itself.)

Establishing a reference to another workbook has the advantage that you can
use its public procedures and variables in the currently active workbook as well.
(Public variables must be defined with Public. Procedures are automatically con-
sidered public if they have not been privatized with the keyword Private.)

References belong to the data of the currently active workbook and are saved
with it. When the workbook is again opened, Excel is then in a position, since it
has these references, to activate the referenced workbooks and libraries.

Accessing Objects Clarified with Keyword With

The examples given in previous sections have already shown that you often end
up with an endless jumble of nested properties and methods, each of which pro-
vides the object for the next property or method. By the time you get to the object
that you actually want to refer to, the input line is full.
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With the keyword combination With...End With you can temporarily latch
onto a particular object and then set properties or execute methods without hav-
ing to list the entire reference to the object each time.

An example will make things clear. In the first variant the individual instruc-
tions are so long that they must be split over two lines. In the second example the
object (namely, the first tool on the toolbar “new toolbar,” is fixed by means of
With. Note that within the keywords With and End With all instructions that relate
to the fixed object must begin with a period.

' traditional

CommandBars("New toolbar").Controls("File").Controls(1). _
Caption = "End"

CommandBars("New Toolbar").Controls("File").Controls(1). _
OnAction = "Menu_Quit"

" with the keyword "With"

With CommandBars("New Toolbar").Controls("File").Controls(1)
.Caption = "End"
.OnAction = "Menu_Quit"

End With

With can also be nested. In the example below the first With is used to fix the
toolbar, and the second With is used to fix first the first tool and then the second.

With Toolbars("New Toolbar")
With .ToolbarButtons(1)
.PasteFace
.OnAction = "Buttoni_Click”
End With
With .ToolbarButtons(2)
.PasteFace
.OnAction = "Button2_Click"
End With
End With

Within With constructs “normal” VBA instructions are also allowed, those
that do not refer to the current object (and therefore do not begin with a period).
In the following example new images are copied from the clipboard to all icons on
the toolbar. Moreover, the macros Buttoni_Click are linked to the icons, where iis
replaced by the current content of the loop variable.
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Dim i
With Toolbars("New Toolbar")
For i=1 To .Count
With ToolbarButtons(i)
.PasteFace
.OnAction = "Button" & i & " _Click"
End With
Next i
End With

An alternative to With is a process involving object variables (see the next
subsection) that also makes it possible to avoid complex referencing of objects.

Object Variables

Normally, numbers and character strings are stored in variables. However, vari-
ables can also refer to objects. The definition of object variables is not accom-
plished with the definition operator “=” but by means of the keyword Set.

The following example demonstrates how one works with object variables. The
variable w of object type Window is defined in objvarl. A reference to the active
window is stored in this variable, and then the subprogram objvar2is called. There
the title of the window of the object variable x is changed. The example shows that
object variables can be passed as parameters to subprograms and functions.

' example file vba-concepts.xls, Module "Objects"
Sub objvari()
Dim w As Window
Set w = Application.ActiveWindow
objvar2 w
End Sub
Sub objvar2{w As Window)
w.Caption = "new window title"
End Sub

Many objects can also be declared with Dim x As New Object. In this case the
corresponding object is created immediately. This syntax is normally possible
only with object classes that are made available through external libraries
(ActiveX server) or are defined by Excel class modules (see the following section).

Above all, object variables are used to make a more readable organization of
program code. When you wish to access an object, you do not have to give an
often endless chain of methods and properties every time, but you can refer to the
object by means of an object variable (see the example below). This way of pro-
ceeding is more flexible than the use of With (see the previous section), since a



number of object variables can be used in parallel. The possibility of passing ob-
ject variables as parameters leads to a better modularization of program code.

' traditional

CommandBars{"New Toolbar").Controls(1).CopyFace

CommandBars("New Toolbar"). _
Controls(1).0nAction = "Buttoni_Click"

' with object variables

Dim cbc As CommandBarControl

Set cbc = CommandBars("New Toolbar").Controls(1)

cbc.CopyFace

cbc.OnAction = "Button1 Click”

Object variables differ from normal variables in that only a reference to the
object is saved and not a copy. The object variable thus points to an object whose
further management is the responsibility of Excel. The programmer has no possi-
bility of creating new objects (except with methods that we have seen previously
such as Add).

A number of object variables can point to the same object. A change in the
object’s properties effected by one variable thus affects all the object variables.

The reference to an object can be deleted by means of Set var = Nothing.
(There is no effect on the object itselfl) Object variables can be defined as a par-
ticular object type with Dim, Private, or Public and are then explicitly limited to
this object type (for example, Dim w As Window). Less restrictive is the definition
as a general object variable (Dim o As Object), since then o can accept references
to objects, but not normal variable contents (numbers, character strings). It also
suffices to make a general declaration as a Variant variable (Dim v). The variable
then automatically assumes the appropriate type. Sometimes, VBA reacts to defi-
nitions of the wrong type as though it were highly allergic to them (namely, with a
crash). Thus it can be useful to give a general definition as an Object or Variant
variable rather than as a concrete object type.

Obiject variables also appear implicitly in For-Each loops (previous section).
The following two loops have the same effect, giving the names of all pages of the
active workbook:

Sub objvar3()
Dim s As Object, i As Long
For Each s In Sheets
Debug.Print s.Name
Next s
For i = 1 To Sheets.Count
Set s = Sheets(i)
Debug.Print s.Name
Next i
End Sub
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NOTE There is no Sheet object in the Excel library. The above enumeration
of Sheets can refer equally well to objects of type WorkSheet and Chart.
Thus in the example, s must be defined with the generally valid Object.

With the operator Is it is possible to compare two object variables. The result
is Trueif both variables refer to the same object.

With the function TypeName you can determine the type of an object vari-
able. TypeName returns a character string, such as “Window” or “Workbook”.

Sub obtest()
Dim a, b
Set a = Sheets(1)
Set b = Sheets(1)

If a Is b Then Debug.Print "a and b refer to the same object”
Debug.Print TypeName(a), TypeName(b) ' returns "Worksheet" each time

Debug.Print a.Name, b.Name
End Sub

Syntax Summary
Methods and Properties

result = object.property

object. property = ...
object.Method paral, para2

erg = object.Method(paral, para2)
obj.Method(paral, para2).Method

returns the sheet name

read property

change property

method without return value

method with return value

immediate further processing with another
method

Accessing Active Objects

ActiveCell
ActiveChart
ActiveMenuBar
ActivePane
ActivePrinter
ActiveSheet
ActiveWorkbook
SelectedSheets
Selection
ThisWorkbook

active cell in a worksheet

active chart

active (viewable) menu bar

active pane of a window

selected printer

active sheet in window/workbook/Excel
active workbook

selected sheets of a window

selected objects in sheet/window/workbook
workbook whose code is currently being
executed




Enumeration Methods and Objects

Objects

Objects(n)
Objects(“name”)
Objects.Count
Objects.Add obj
obj.Delete

the plural refers to an enumeration; for example, Axes,
Sheets, Windows

refers to the nth object

refers to the object named

gives the number of objects

adds a new object to the list

deletes the object from the list

Accessing Objects via With

With object

.property = ...
.methods paral, para2
End With

fixes the object
the period refers to the fixed object

Object Variables

Dim var As objecttype
Dim var As New objecttyp
Set var = object

Set var = Nothing

name = TypeName(var)

placeholder for objects

generate an object immediately

var refers to the given object

deletes the reference (not the object)
determines the name of the object

Events

VBA is an event-oriented programming language. By this is meant that macros are
automatically executed by Excel in reaction to certain events. When you click on a
tool, say, or select a menu entry, Excel executes the corresponding procedure on
its own. Events are thus triggered by the user via input from the mouse or key-
board. (In traditional programming languages you would be compelled, for exam-
ple in an infinite loop, to wait continuously for the occurrence of an event, eval-
uate this event, and in response thereto call the appropriate procedure. This task
is taken over by Excel by means of the concept of an event.) The following events
can lead to user-defined procedures being called:

¢ The selection of a macro via TooLsIMACRoS.

* The selection of a custom menu item or tool to which a macro is linked (see

Chapter 8).
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* Clicking on a control (independent of whether these are located in a form
or directly in a worksheet).

¢ The recalculation of a worksheet (when user-defined functions are used
within it).

» Opening, saving, and closing a workbook; activating and deactivating a
worksheet; exceeding a certain period of time; pressing a key; double click-
ing on a worksheet, etc.

Automatic Opening of Excel Files

All files located in the directory X1start are automatically opened when Excel is
launched. In conjunction with an Auto_Open or Workbook_Open event procedure
this can be used to carry out various settings when Excel is launched. A particular
role within the X1start files is played by the “personal” workbook Personal.xls.
This file is designed as the location for saving such items as macros, tools, and
menu entries that are supposed to be always ready for use. Further information
on the precise location of the x1start directory as well as the individual configu-
ration of Excel by files stored in that directory can be found in Chapter 5.

Event Procedures
Events in Excel 97/2000/..

Starting with Excel 97 explicit procedures have been defined for most objects,
which are listed as such in the object browser and are indicated by a yellow light-
ning bolt. The name of the event procedure is predetermined, being composed of
the object name and the event name together, such as Worksheet_Activate. When
an analogously named procedure exists, it will be executed automatically by
Excel. Therefore, it is no longer necessary to set OnEventXxx properties, as was
necessary in Excel 5/7.

This concept can be most easily explained by an example. Open a new work-
book, switch into the development environment, and open the module “This
Workbook.”
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To have a procedure executed every time the Excel file is opened, first select
in the first listbox the object Workbook and then in the second listbox the event
Open. The development environment then automatically generates a code tem-
plate consisting of Sub and End-Sub instructions. You now need only type in the
desired code.

Figure 4.3. Selecting the Worksheet event procedure in the code window

The example given here shrinks all other visible Excel windows of other work-
books into icons.

" example file VBA-Concepts.xls, Module "This Workbook"
Private Sub Workbook_Open()
Dim w As Window
MsgBox "Executing the event procedure Workbook Open.”
For Each w In Application.Windows
If w.Parent.Name <> ActiveWorkbook.Name And w.Visible Then
w.WindowState = x1Minimized
End If
Next
End Sub

The processing of events of worksheets and of the workbook is particularly
easy, since in the development environment there is a class module with code
templates for the event procedures assigned to each of these objects. Other ob-
jects as well can trigger events. Their reception, however, is somewhat more com-
plicated, and this will be discussed further below.
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Events in Excel 5/7

In Excel versions 5 and 7 the event concept was quite different: For an event to be
triggered, you first had to link the name of a procedure to OnEventXxx properties
or methods of various objects. This procedure was subsequently automatically
called when the indicated event occurred. Let us look at an example: The instruc-
tion below results in the procedure MacroXy being called whenever the first work-
sheet is activated.

Worksheets(1).0nSheetActivate = "MacroXy"

The automatic invocation of the procedure is halted by linking an empty
character string “”to the respective property:

Worksheets(1).0nSheetActivate = ""
The actual event procedure can be located in any module:
Public Sub MacroXy()

MsgBox "Even procedure Excel 5/7"
End Sub



Auto Procedures in Excel 5/7

Conceptually even older than event procedures are the so-called auto procedures:

Whenever a procedure with the name Auto_Open exists in a given module of an
Excel file, this procedure will be automatically executed when the file is opened.
Analogously, there is an Auto_Close procedure, which is executed when the file is
closed (that is, before Excel terminates execution, at the latest).

Auto Procedures in Excel-4 Macros

There was even the possibility in the old macro language to set up Auto macros:
When a workbook is opened, Excel executes—even in the current version—all
macros whose name begins with Auto_Open; for example, Auto_Open,
Auto_Open_Test. Analogously, when the file is closed, activated, or deactivated, all
macros are executed whose names begin with Auto_Close, Auto_Activate, or
Auto_Deactivate.
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133



Chapter 4

134

Deactivating Event Procedures

The one serious disadvantage of the new way that events have been conceived
since Excel 97 is that activating and deactivating events using program code is dif-
ficult. For example, if you wish temporarily to deactivate the call to a specific
event procedure, you have to employ the following code:
' in the class module of a worksheet
Public activateEvents
Private Sub Worksheet_Activate()
If activateEvents <> True Then Exit Sub
MsgBox "Worksheet Activate " & Me.Name
End Sub

Using the variable activateEvents one can control whether events are pro-
cessed (True) or not (False). Note that to change activateEvents you must prefix it
with the internal name of the worksheet, for example, Tablel.activateEvents=True.
(This name must not coincide with the name listed in the sheet tabs. The correct
name is the one shown in the project window and that can be changed in the
properties window.)

If you wish to deactivate all event procedures temporarily (and not simply
one procedure as in the example above), you can set the property EnableEvents
for the Application object to False. This can make sense in procedures, for exam-
ple, whose VBA code instructions would normally trigger events.

Overview of Important Excel Events

About fifty events have been defined in the object model of Excel. Many events
are even multiply defined. For example, the Worksheet object has an Activate
event, while the Workbook object and the Application object each have a
SheetActivate event. This dualism is intentional. For example, if you wish to acti-
vate every sheet of a workbook with an event procedure, you do not have to equip
each Worksheet object with an Activate procedure. It suffices to supply a single
Workbook_SheetActivate procedure, which then is called with each change of
sheet. A reference to the corresponding sheet is passed to the procedure as a pa-
rameter. If instead of this you set up an event procedure for SheetActivate of the
Application object (see the next section), then this procedure will actually be
called for every sheet of every workbook.

The following description is limited to the most important events of the ob-
jects Workbook and Worksheet, which are particularly simple to execute in the de-
velopment environment. Furthermore, the four still-supported OnEventXxx events
will be treated here in accordance with the old event concept. The syntax summary
at the end of this section lists all events for several important Excel objects.
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Open and Close File (Events Open/BeforeClose)

After an Excel file has been loaded, the procedure Workbook_Open is executed if it
exists. Analogously, when a workbook is closed (that is, when Excel is terminated),
Workbook_Closeis executed if this procedure in the module “This Workbook”
contains code. These procedures constitute an alternative to the procedures
Auto_Open and Auto _Close, which were described above.

Save/Print a File (Events BeforeSave/BeforePrint)

Before a file is saved, the event procedure Workbook_BeforeSave is executed. This
makes it possible to update various sorts of information in the workbook immedi-
ately before saving, such as to copy the contents of variables into a worksheet.
Two parameters are passed to the procedure: SaveAsUI indicates whether the
form Save As has been selected. Cancel makes it possible to interrupt the saving
process (for example, to give the user the possibility of correcting errors in the
workbook that may still exist).

The event procedure Workbook_BeforePrint, which is called whenever part of
the workbook is printed, functions similarly. (Surprisingly, there is no separate
event for printing a particular worksheet or chart. Also, no information as to
which data are to be printed is passed to the BeforePrint procedure.)

Changing Sheets (Events Activate/Deactivate)

A change of sheets occurs when a user activates another sheet within a workbook.
Possible reactions in the event procedure can be a validation control for input or
an adaptation of the menu or toolbar to the newly displayed sheet.

Activate and Deactivate events can be set for each individual sheet. Further-
more, on the workbook level (Workbook object) the Sheet[De]Activate can be set if
you do not wish to write a separate event procedure for each sheet.

If you do write event procedures for individual sheets as well as for the work-
book as a whole, the sequence of procedure calls in the case of a change from
worksheet 1 to worksheet 2 will look something like this:

EVENT PROCEDURE OBJECT

Worksheet_Deactivate worksheet 1

Workbook_SheetDeactivate ~ workbook, reference to worksheet 1 as parameter
Worksheet_Activate worksheet 2

Workbook_SheetActivate workbook 2, reference to worksheet 2 as parameter
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You will be informed about the creation of a new workbook, and this will
occur via the Workbook_NewSheet event procedure. For some mysterious reason
there is no analogous event that is executed before a sheet is deleted.

Changing the Active Workbook
(Events Activate/Deactivate)

The events Activate and Deactivate also make an appearance when instead of a
sheet within a workbook, a switch is made into the window of another workbook.
Otherwise, the functionality is the same as above.

Mouse Events
(Events BeforeDoubleClick/BeforeRightClick)

The somewhat peculiar names of the two events of this subsection do not mean
that the events clairvoyantly execute themselves as you reach for the mouse but
before you have clicked. Even Microsoft has not advanced to this level of user
friendliness. The Beforerefers, rather, to the fact that the event procedure (for
sheets or charts) is executed before Excel reacts to the mouse click.

A Range object, which refers to the cell that has been clicked on, is sent as
parameter (as in the case of worksheets). By a change in the Cancel parameter a
possible reaction by Excel to a double click can be thwarted. Before a click of the
right mouse button is processed, the entries of a pop-up menu can be changed
under some circumstances. For the Workbook object the event names are
SheetBeforeDoubleClick and SheetBeforeRightClick.

Changing a Cell (Event Change)

The Change event for worksheets and the SheetCalculate event for the workbook
enter the picture after a cell is altered or cleared via some input. A Range object of
the altered range of cells is passed as parameter. Only the change in the content of
the cell, by means the formula bar or directly into the cell, is considered an event,
but not a change in formatting settings. If a range of cells is shifted by means of
the clipboard, then two Change events occur.

Changing the Selection (Event SelectionChange)

The SelectionChange event occurs when the user changes the set of selected cells.
The newly selected region of cells is passed as parameter.
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Worksheet Recalculation (Event Calculate)

The Calculate event for worksheets and the SheetCalculate event for the work-
book make their appearance after a worksheet is recalculated (even if only a sin-
gle cell is affected by the recalculation). It can be used, for example, to bring vari-
ables that depend on worksheet data up to date.

Window Events (Events WindowActivate,
WindowDeactivate, WindowResize)

Surprisingly, the Window object has no associated events. Instead, window events
are passed to the associated Workbook object. A change of window or an alteration
in a window’s size can be detected with the event procedures of these objects.

Mouse Click (Property OnAction)

OnAction was probably the most-used property in Excel 5/7 for linking event
procedures to various objects (controls, menu commands, images). Beginning
with Excel 97 this property is officially supported only for the Shape object and for
various CommandBar objects. For all other objects it has been replaced by “genu-
ine” events. For reasons of compatibility, however, OnAction remains available for
these objects as well.

Keyboard Events (Method OnKey)

With the method OnKey a procedure can be defined that will be invoked when a
particular key on the keyboard is pressed. Such methods can be established only
for the Application object, for which reason a reaction to a key being pressed that
depends on which workbook or which sheet is currently active is possible only
with a certain amount of effort (namely, by the evaluation of the properties Ac-
tiveWorkbook or ActiveSheet).

OnKey is not a property, but a method. This distinction is necessary because
no additional parameters (to the input of the key) can be passed to a property. For
this reason the activation of the OnKey event procedure looks a bit different from
what occurs with other events:
Application.OnKey "{F4}", "Macro" '
Application.OnKey "{F4}", "" 'halt automatic calling

<F4> calls the procedure Macro

The syntax for specifying keys can be taken from the on-line help for the
OnKey method. The result of the example above is that striking the key F4 leads to
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the procedure Macro being called. Please note that defining a procedure to re-
spond to a particular key combination disables the automatic response of Excel to
that combination. Normally, the effect of F4 is to repeat the last command. Now,
instead of this, Macro will be called.

The redefining of keyboard input does not hold in all of Excel’s aspects. The
usual key conventions hold during the input of a formula or in a form. Thus, F4
can continue to be used in the formula bar for switching between absolute and
relative addressing.

A further example of OnKey is to be found in the next chapter, where macros
are defined for the key combinations Shift+Ctrl+Page Up and Shift+Ctrl+Page
Down for jumping to the first, respectively last, sheet of a workbook.

Undo and Repeat (Methods OnUndo, OnRepeat)

With the two methods OnUndo and OnRepeat one can create procedures
that Excel carries out when the user executes the command EpitlUnpo or
EprirIRepeat. These two methods are defined only for the Application object. The
use of these methods is appropriate in macros that the user can execute by carry-
ing out various actions.

Two parameters are passed to these methods: The first gives the text shown in
the menu and should take the form “Undo: Xxx", respectively “Repeat: Xxx.” The
second parameter gives the procedure to be called when the menu command is
executed:

Application.OnRepeat "Repeat: analyze data", "MacroXxx"

The menu texts and procedures provided by these two methods are valid only
until the next command is executed (regardless of whether a normal Excel com-
mand or a further macro). Thus it is not necessary to clear the entries later by de-
fining an empty string.

The methods must be executed in the last procedure of a chain of procedures.
In the course of execution of a Sub procedure the settings of OnUndo, respectively
OnRepeat, are cleared upon return to the calling procedure.

If the two methods are not used in a macro, Excel shows in the Ebir menu in
the spaces provided for “undo “ and “repeat” the entries Can’t Unpo and Repear
(Macro NaME) and then executes the macro once more should the repeat option
be chosen.

Time Events (Method OnTime)

The time event, too, is defined only for the Application object. By executing the
OnTime method you can start a procedure at a particular time, say at 12 noon or
ten minutes from now. At least two parameters are passed to this method: the



time at which the procedure should be started and the name of the procedure.
The following instruction starts the macro “Macro” thirty seconds after the ex-
ecution of the instruction.

Application.OnTime Now + TimeValue("0:00:30"), "Macro"

With OnTime several procedures can be set for various times. VBA automati-
cally manages the list of procedures to be executed. It is even allowed to set sev-
eral procedures for the same time.

The execution of the procedures so designated can be postponed if Excel is
occupied with other things. For example, a procedure cannot be called while, for
example, a form is open, a macro is being executed, Excel is waiting for an MS
Query query, or OLE data are being processed in Excel.

The OnTime method recognizes two optional parameters: In the third param-
eter can be given the latest time at which the procedure will be started. If this mo-
ment passes without Excel having had the chance to call the procedure, then the
procedure will not be called at all.

By setting the fourth parameter to False a timed procedure can be canceled.
For this the planned time as well as the name of the procedure must be given. If
VBA does not find the procedure for the given time in the list of such procedures,
then an error results.

Application.OnTime #8:30#, "Macro" 'set Macro for 8:30
Application.OnTime #8:30#, "Macro", , False 'cancel Macro

If you wish to arrange for the periodic calling of a procedure, you need to give a
further call with OnTime within the procedure. Once it has been started, the follow-
ing procedure changes the text of the status bar and displays there the current time:

Sub statusbar_time()
Application.OnTime Now + Timevalue("0:00:10"), "statusbar_ time"
Application.Statusbar = Now

End Sub

We might mention that it is not particularly easy to stop this procedure once
it has been started. Either you can change the name of the procedure (then at the
time of the next procedure call, an error will occur with the message that the
macro status bar cannot be found), or convert the OnTime instruction via “’”
into a comment (then it will end after the next procedure call). If you wish that
Excel’'s normal info text appear in the status bar, you must execute the following
instruction in the immediate window:

Application.Statusbar = False
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NOTE Further information on dealing with the status bar can be found in
Chapter 5.

Receiving Events of Arbitrary Objects

For worksheets and workbooks there are code templates for event procedures
available. The programming of such event procedures is therefore quite simple
and intuitive.

However, there exist countless other objects that can trigger events (even ob-
jects from external libraries, which are activated via ToorsIRererencks). The Excel
objects Application (21 events) and Chart (13) are especially well endowed. In
contrast to Visual Basic, where such objects with events can be declared any-
where, in Excel this is possible only in class modules. For this reason the reception
of events is, alas, somewhat complicated.

The first step consists in creating a class module (an ordinary module will not
suffice) and there defining a public variable of the object class whose events you
wish to receive. For this you use the keyword WithEvents. In the listbox of the
module window you can thus select all known procedures for this object and add
the desired event procedures.

" class module "eventclass”

Public WithEvents x As objname

Private Sub x_eventname(parameterlist)
".. the event procedure

End Sub

POINTER Actually, class modules anticipate the next section of this chap-
ter, which is concerned with programming new classes.

So that events can actually be received, first an object of the new class and
with it an object of the class with the events of interest must be created:
' in an arbitrary module
Dim obj As New event class 'obj is an object of the "event class"
Sub startevents()
Set obj.x = [New] objname 'x is an object of the class "objname"
End Sub
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After startevents has been executed, the event procedure in the class
module is executed until obj.x or in general obj has been cleared (that is, Set obj =
Nothing).

Example

A concrete example will clarify the situation: The NewWorkbook event of the Excel
Application object is to be used to input some text into cell Al of the first work-
sheet of every new workbook. (In practice, a similar procedure could be used to
carry out various initialization procedures for every new workbook.)

The code consists of two parts: The event procedure is defined in the class
module “ClassAppEvents.” A reference to the new Workbook object is automati-
cally passed to the procedure NewWorkbook.

' file VBA-Concepts.xls, class module "ClassAppEvents"

Public WithEvents app As Application

Private Sub app_NewWorkbook(ByVal wb As Excel.Workbook)
wb.Worksheets(1).[A1] = "This text has been inserted by an " & _

event procedure of the Application object "
End Sub

The second part of the test program is located in the module
“TestAppEvents.” In InitializeApplicationEvents the variable app of the
ClassAppEvents object is linked to the Application object. If after the execution
of this procedure you add a new workbook (FiLeINew), then app_NewWorkbook
will be executed for the first time. StopApplicationEvents again ends the auto-
matic changing of new workbooks.

' File VBA-Concepts.xls, Module "TestAppEvents"
Option Explicit
Dim appObject As New ClassAppEvents
' starts the event procedures
Sub InitializeApplicationEvents()
Set appObject.app = Application
End Sub
' ends the event procedures again
Sub StopApplicationEvents()
Set appObject.app = Nothing
End Sub
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Generating Event Procedures with Program Code

This example shows how a new worksheet is inserted into a workbook and then a
Worksheet_Activate event procedure is generated for this worksheet. The program
makes use of the VBE library, with which the VBA development environment can
be controlled. The code is designed specifically for advanced programmers and
assumes that you have experience in dealing with objects.

POINTER Starting with Excel 2000 you can program new classes with their
own events (see the next section). The addition of event procedures in Excel
files described here has nothing to do with that capability.

The VBE Library

In this book we are not going to give a detailed description of this library. How-
ever, to understand this example it is necessary that you at least know the most

important objects:
VBE start object (access via Application.VBE)
L—VBProject[s] projects (Excel files)
VBComponent/[s] modules, classes, forms of the file, etc.
CodeModule code of the components
Properties/Property access to an object’s properties (properties

window)

The most interesting methods for this example, CreateEventProc and Insert-
Line, are associated to the CodeModule. The problem is how to get to these ob-
jects: The Name property of an Excel Workbook object is, in fact, not identical to
the Name property of the VBComponent object. Further, there are two names,
one, which is displayed in Excel in the sheet tab, and a second, which is used in
the VBA development environment and can be changed in the properties window.
Here the collection of Properties helps further:

Dim vbc As VBComponent

Set vbe = ..

Debug.Print vbc.Name ' returns the VBA name
Debug.Print vbc.Properties("Name").Value ' returns the Excel name

With the Properties enumeration various object properties can be accessed

that come not from the VBE library, but from the underlying object (in this case
from a Workbook object of the Excel library).
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The program code begins with a test, namely, whether a worksheet with the name
“new worksheet” already exists. This test is formulated somewhat unusually: The
attempt is simply made to read the Name property of this Workbook object. If no
error occurs, then the worksheet in fact exists. (You will learn about On Errorin
Chapter 6. An alternative way to proceed would be to use aloop to test all existing
Workbook objects as to whether their name is identical to the constant newname.)

' file VBA-Concepts.xls, Module "TestVBE"
Sub AddWorksheetWithEvents()
Const newname$ = "new worksheet"
Dim ws As Worksheet
Dim vbc As VBComponent
Dim wsname$, linenr, dummy
' test whether a worksheet already exists
On Error Resume Next
dummy = ThisWorkbook.Worksheets(newname).Name
If Exrr = 0 Then
MsgBox “The sheet " & newname & " already exists. " &
"Please remove this sheet and " & _
"try again."
Exit Sub
End If
Err = 0
On Error GoTo O

If the worksheet does not yet exist, then it will be generated by means of Work-
sheets.Add. Then the worksheet will be given the name “new worksheet.” The fol-
lowing loop runs through all VBComponent objects in the file in order to locate the
module whose Properties(“Name”) property is “new worksheet.” The VBA internal
name of this object is buffered in the variable wsname. Here ThisWorkbook
.VBProject is shorthand for Application. VBE.VBProjects(ThisWorkbook.Name).

' creates a new worksheet
Set ws = ThisWorkbook.Worksheets.Add
ws.Name = newname
' find out the VBE internal name of this sheet
For Each vbc In ThisWorkbook.VBProject.VBComponents
If vbc.Properties("Name").Value = newname Then
wsname = vbc.Name
Exit For
End If
Next

VBA Concepts
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Now that access to the worksheet’s code has been made possible, the inser-
tion of the event procedure proves to be thoroughly unproblematic: First, the
procedure CreateEventProc s generated. This method returns the line number of
the Sub instruction. One line further down, the instruction MsgBox “event proce-
dure”is added with the method InsertLines.
' add event procedure

With ThisWorkbook.VBProject.VBComponents{wsname).CodeModule
linenr = .CreateEventProc("Activate", "Worksheet")

" Event procedure

.Insertlines linenr + 1,
End With
End Sub

MsgBox

If you switch into Excel after this macro has been executed and there click on
any sheet and then on the new worksheet, the message “Event procedure” will be
displayed. It works, by gosh!

Danger of Viruses with Auto Procedures and Events

Event procedures and the Auto_Open and Auto_Close procedures are a useful
construction. However, they are the key to virus programming in VBA. (The first
Excel virus appeared in the summer of 1996, only a few months after I warned
about the possibility in the first edition of this book.)

VBA offers all of the essentials for programming a virus:

* The possibility for program code to be executed automatically (Auto_Open
and Auto_Close, as well as countless event procedures).

» The possibility to alter other Excel files (important for the “transplantation”
of viruses). '



* The possibility to insert new program code or to alter already existing code.
(The VBIDE object library included with Excel 97 offers unsuspected new
possibilities for virus programmers. Is this really what the inventors had in
mind?)

* The possibility of doing damage to the computer in the most various ways.
(For example, thanks to DLL support, nearly all of the operating system
functions can be called. Thanks to ActiveX automation, every object library
installed in the computer can be used. For example, under Windows 2000
the settings in the entire security system can be altered with a few lines of
VBA code if the code is executed by a user with Administrator status! For ex-
ample, you can access all e-mail messages and their addresses if the user
employs the e-mail client Outlook.)

It would be pointless to go into all the details here. What is important is that
you become aware that any Excel file can contain a virus, even if the file looks like
a completely innocent worksheet. It goes without saying that this holds as well for
templates and for add-ins (they are, after all, VBA programs).

Preventing Automatic Execution of Macros
In TooLsIMacrolSEcuriTy there are three options among which to choose:

* High Security: “Only signed macros from trusted sources will be allowed to
run. Unsigned macros are automatically disabled.” Since it is somewhat dif-
ficult to sign macros, this means that the execution of macros is almost en-
tirely prevented. For VBA programmers this is unacceptable, but for many
standard users this setting is completely reasonable. Of course, it is then
impossible to use Excel applications or templates such as those described
in this book.

* Medium Security (default setting): “You can choose whether or not to run
potentially unsafe macros.” When Excel files are loaded that contain VBA
code, a warning appears. You can then enable or disable macros.

* Low Security: All macros will be executed without any warnings. For VBA
programmers especially this is the most convenient setting, but it is also
the most dangerous!
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Figure 4.4. The three levels of virus security
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Viruses in Add-Ins and Templates

Templates are the basis on which Excel files are created (for details see Chapter 5
and Chapter 9). Add-ins offer the possibility to expand Excel’s front end. Excel rec-
ognizes two types of add-ins for this purpose: traditional add-ins (*.x1a) and
COM add-ins (*.d11). Details and background information on add-ins are given
in Chapter 14.

At this point it is important to note only that templates and both types of add-
ins are further playgrounds for viruses. For these files, however, there is another
method of protection. In the second tab of the virus protection dialog it is possi-
ble to set whether add-ins and templates are to be considered safe in general.
Warning: The default setting is to consider them safe! A file installed as an auto-
matic template or a registered COM add-in will be started automatically without
question the next time Excel is started.

Figure 4.5. Add-ins are considered safe in the default setting

Since add-ins are an integral part of Excel, it is difficult to alter this setting: If
you deactivate the option TRUST ALL INSTALLED ADD-INS AND TEMPLATES, then the secu-
rity level that has been set holds for all add-ins and templates. If you have chosen
medium security, then in the future, every time Excel is launched you will be
bombarded by numerous virus protection tests (by every one of the countless in-
cluded add-ins, for example). This leads to the inevitable result that you simply
click on EnasLe Macros, which makes virus protection into an absurdity. (Why Mi-
crosoft does not sign its own macros is yet another mystery.)
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For this reason the option TRUST ALL INSTALLED ADD-INS AND TEMPLATES is usually
activated, leaving add-ins and templates an open door for virus programmers.
(Add-ins and template files are more unwieldy than normal Excel files for virus
programmers, because they represent a danger only if they are correctly installed.
But this hurdle is easily overcome.)

Discovering Viruses on Your Own

If an Excel file appears suspicious to you, then load the file with virus protection
activated. Then look at the following code:

¢ Auto procedures. (Use the command EprrlFinp and extend the search do-
main to the entire current project.)

¢ All event procedures. (Potentially dangerous code can be hidden in an
event procedure, which would be called, for example, on saving the file or
changing sheets.)

¢ Test with ToorsIRererences whether the library VBIDE is activated. This li-
brary is the key to the manipulation of the program code of other Excel
files. If this library is activated, then there should be a good reason for this,
one that has been documented by the developer of the Excel file.

Excel 4 Auto Macros

Even the traditional Excel macro language (up to version 4) had various Auto
macros, which for reasons of compatibility are executed, right up to the current
version. These Auto macros are launched by means of Name objects whose name
begins with “Auto_Open.” Name objects can also contain references to external
files (for example, to add-in files). Furthermore, the Visible property of Name ob-
jects can be set to False. If you are suspicious that a virus may be present and can
find no Auto_Open procedure, then you should have a look at all Name objects
{for all worksheets as well as for the Workbook object). In the immediate window
the two instructions look like the following:

For Each s In Worksheets: For Each n In s.Names: _
?n.Name: Next: Next
For Each n In ActiveWorkbook.Names: ?n.Name: Next



Syntax Summary

VBA Concepts

Receiving Events for Arbitrary Objects

Public WithEvents x As objname
Private Sub x_eventname(param)

‘... the event procedure
End Sub

in the class module “eventclass”

Dim obj As New eventclass
Sub startevents

Set obj.x = [New] objname
End Sub

in an arbitrary module

from now on events can be received

Auto Procedures

Sub Auto_Open() ... End Sub
Sub Auto_Close() ... End Sub
Sub Auto_Add() ... End Sub

Sub Auto_Remove() ... End Sub

launched when the file is opened

launched when the file is closed

launched when the add-in is entered into the list
of the add-in manager (Chapter 14)

launched when the add-in list is removed

Application Events

NewWorkbook
SheetActivate
SheetBeforeDoubleClick
SheetBeforeRightClick
SheetCalculate
SheetChange
SheetDeactivate
SheetSelectionChange
WindowActivate
WindowDeactivate
WindowResize
WorkbookActivate
WorkbookAddinInstall
WorkbookAddinUninstall
WorkbookBeforeClose
WorkbookBeforePrint
WorkbookBeforeSave
WorkbookDeactivate
WorkbookNewSheet
WorkbookOpen

a new workbook is added

sheet change

double click

right mouse button click

worksheet was recalculated

cells of the worksheet were changed (content)
sheet change

selection change

window change

window change

window resize

change of active workbook

a workbook was installed as an add-in

a workbook was deinstalled as an add-in
a workbook is about to be closed

a workbook is about to be printed

a workbook is about to be saved

change of active workbook

new sheet added to the workbook

the workbook was just opened
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Workbook Events

Activate
AddinUninstall
BeforeClose
BeforePrint
BeforeSave
Deactivate
NewSheet
Open
SheetActivate

SheetBeforeDoubleClick
SheetBeforeRightClick

the workbook was activated (change of window)
the workbook was installed as an add-in

the workbook is about to be closed

the workbook is about to be printed

the workbook is about to be saved

the workbook was activated (change of window)
a new sheet was added

the workbook was just opened

change of sheet

double click in a sheet

right mouse button click in a sheet

SheetCalculate contents of a sheet were recalculated
SheetChange input or change to a sheet
SheetDeactivate sheet change

SheetSelectionChange change of selection
WindowActivate change of window
WindowDeactivate change of window

WindowResize window resized

Worksheet Events

Activate change of sheet

BeforeDoubleClick double click

BeforeRightClick click with the right mouse button
Calculate contents of sheet were recalculated
Change input or change to a cell

Deactivate sheet change

SelectionChange change of selection

Chart Events

Activate change of sheet (or chart)
BeforeDoubleClick double click

BeforeRightClick click with right mouse button
Calculate chart was redrawn based on changed data
Deactivate change of sheet (or chart)

DragOver range of cells dragged over chart (but not yet released)
DragPlot range of cells was released
MouseDown mouse button was pressed
MouseMove mouse was moved

MouseUp mouse button released
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Resize chart size was altered

Select chart was selected

SeriesChange change in selected data series

Events in Excel 5/7

OnAction “ macro” calls the procedure macro when the object is
clicked

OnKey “key’, “macro” after the pressing of a key

OnUndo “menu text’, “ macro” after INpuTlUNDO

OnRepeat “ menu text’, “ macro” after INPUTIREPEAT

OnTime time, “macro” at the given time

OnTime time, “macro’, end time  as above, but no later than end time

OnTime time, “ macro ”,, False clear previously mentioned macro

Conversion Excel 5/7 — Excel 97, 2000 etc.

OnAction Click, Change, etc.
OnCalculate Calculate, SheetCalculate
OnData Change, SheetChange
OnDoubleClick DoubleClick, BeforeDoubleClick,
SheetBeforeDoubleClick
OnEntry Change, SheetChange
OnSheetActivate Activate, SheetActivate
OnSheetDeactivate Deactivate, SheetDeactivate
OnWindow Activate, WindowActivate

Programming Your Own Classes

Up to this point we have described a number of different ways in which Excel ob-
jects or objects from external libraries can be used. The mechanisms imple-
mented for this have been relatively stable starting with Excel 5.

New since Excel 97 is the possibility of programming one’s own classes.
(Classes are the templates for new objects.) Excel 2000 was again enlarged in this
respect: Now custom classes can also be derived (Implements) and equipped with
custom events.

The key to custom classes are the so-called class modules, which in the VBA
development environment form t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>