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Preface

This textbook focuses on developing a graphical user interface based on the
Windows Forms class library. This library appeared in .NEfamework1.0
(the Microsoft Veual Studio .NET 2008DE), was significantly improved in
.NET Framework2.0 (the Microsoft Visual Studio 200®E) and after that
practically did not changenevertheless, it was included in all subsequent ve
sions of Microsoft Visual Studio. Despite tpeesence of the new&Yindows
Presentation Foundationclass library, which is related to the development of
the graphical interface and provides more featuresMinelows Forms library
retains its position, due to greater ease of use and convenientdasigal tools.

At the same time, the capabilities of this library are quite enough for thé deve
opment of fully functional Windows desktop applications of medium complex
ty. In addition, theWindows Forms library contains aaumber of important
concepts reted to GUI design. Therefore, studying it in a course on the basics
of user interface development seems to be quite justified.

The learning material of the book is presented in the form of descriptions
of 23 examples, which are fully functional softwarejpcts. Each of the era
ples focuses on a specific topic indicated in its name, but much additenal i
formation is provided in the description of the project development process and
accompanying comments. We focuse on best practices for developing event
driven applications and the efficient use Windows Forms library compo-
nents The tools providing a convenient and reliable dialogue between the pr
gram and the user are discussed in detail. We also discuss common errors that
occur when using the varioMgindows Formslibrary classes and show how to
fix them.

Most of the examples are slightly modified versions of the examples given
in [1]. The exception is the IMGVIEW example, which has been changed more
significantly by eliminating several obsoletentros ([DriveListBoDirListBox
andFileListBd»xand using th@ reeViewontrol instead, which allows visualizing
hierarchical lists of data.

The book assumes an acquaintance with the basics of programming in the
C# language at the level of knowledge of fystem of basic types and control
statementgsee, for instance?2]). The indepth knowledge of the .NET object
model is not required. Mostly C# 3.0 is used, which allows you to devetep pr
jects in the Visual Studiga008 and higherAmong the innovation®nly interpo-
lated strings are used, which appeared in C# 6.0 (Visual Studio 2015); in earlier
versions, you can use tis&ring.Forméatnction instead. The LINQ queriesr
plemented in C# 3.0) are used only e projects LISTBOXES and IMGVIEW



(Chaptersl9 and 21) and are commented in detail. Chapter 1 provides a detailed
description of the Microsoft Visual Studio tools used to develop Wind@as a
plications.

The last chapter of the book contains 65 study assignments divided i
to 7 groups related to the folwing topics:
developing console applications,
interaction between window anapplication
synchronizingcontrok and sharing event handlers,
implementing the dragnddrop mode,
creating timerdriven programs,
use ofstandard dialog boxes ancetiVindows registry,
developing MDI applications.

Most assignments contain references to sections of the book that describe
the requireccontrok and how to use them.

A==
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1. Developing projects in Microsoft Visual Studio
environment

Currently, the most comon version of Microsoft Visual Studio is version
2019, targeting the .NET 4.8 platform and the C# 8.0 language, although most of
the features discussed are available for earlier versions. In particul&v ke
dows Formslibrary itself has remained unchgad since the release of .NET
3.5, C# 3.0, and Visual Studio 2008.

1.1. Creating, saving, and opening a project

When you start Visual Studio, ti&tart Pageis automatically loaded into
it, which allows you to quickly load one of the previously developed pjec
(the Open recentlist), open any other existing project (tBgen a project or
solution item), and also create a new projdtie(Create a new projectitem).

All these actionare also available from the menu of the Vissaldioenviran-
ment:

1 File | New| P r o ¢r EtdHSHft+NT create a new project;

T File | Open | d CtdySkife®i/ open lamu éxistiogn &

project;

1 File | Recent Projects and Solutiong openone of the recently de

veloped projects.

The VisualStudioenvironment is organizeid such a way that you cannot
create distand aloneproject. Each project must be contained in a speaitty
called asolution which can bedescribedas agroup of related projectsOnly
onesolutioncan be loaded into the Visu@tudioenvironment ag time; loading
anothersolutionleads to automatic closing of the previcsatution

When creating a new project, a dialog box appears on the screen, in which
first of all you need to select th@nguage usedin our caseC# or Visual C#),
and then th@roject templateand its name. As a template for all consideres pr
jects (except for the first two projects DISKINFO and EXCEP), you should
chooseWindows Forms App (or Windows Forms Application). As to the
name, it is recommended tisethe name of the enple given in the title of the
corresponding chapter, for example, EVENT&gChapter 4) Note that the
project name can contain not omligits and Latin letters, but also other chara
ters allowed in file names, including spaces, although this feeturet recn-
mended for use

In Visual Studio, when creating a new project, you must immediately-spec
fy the directory to save it (thieocation text boX. Project placement is alsé a
fected by information related to the solution in which the project wiplaeed,
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such as thélace solution and project in the same directorcheckbox. Note

that previous versions of Visual Studio used a checkbox with the opposite mea
ing, Create directory for solution. If the solutionincludes a single project, then

you shouldcheckthe Place solution and project in the same directorghedk-

box (or uncheck th€reate directory for solution checkbox); this will cause

the createdsolutionto have the same name as the created project, and all the
files associated with the projeatdhitssolution will be placedn the samedirec-

tory specified in thé.ocation text box

If the Place solution and project in the same directorycheckbox isun-
checked(or the Create directory for solution checkbox ischeckedl, you can
specify asolutionnamethat may be different frorthe projecihame In this sit-
ation, a more comlated directory hierarchy is created: slution directory
will be created in the directonyith the namespecified in the.ocation text box
and the project directory will beeated in the solution directary

Note one more feature of the Visual Studio environment (which we; ho
ever, will not use): the created project carabddedto the currensolution

To save all changes made to the current project (or rather, to the corrent
lution), Visual Studio provides theFile | Save Allmenu commandas well as
the Ctrl+Shift+Sshortcutkey.

When you open an existing project, @@en dialog box appears on the
screen, in which you can select either a file with gte extension (coraining
information about theolutionwith the specified name) or a file with thesproj
extension (containing information about the project with the specified name).
However, even if you selesbmeproject, theentire solutionproject contaimg
it will beloaded.

ExamplesTEXTEDIT2 7 TEXTEDIT6 suggest not creating a new project,
but modifying an existing project. Before starttogdevelopsuch examplesjou
shouldcopy all thesolutionfiles from the example with the previous number to
a new directorythen load tis resulting copy into Visual Studio and start mod
fying it.

Let usdescribethe steps for modifying projextising the example of ce
verting theTEXTEDIT1 project into th&EXTEDIT?2 project.

First, youshouldchange the name of the projectiahe name of the ass
ciatedsolution The simplest way to perform thisusing theSolution Explorer
window, usually located on the right side of the screen. (Eify on the left
shows this window for th€ EXTEDIT1 project): just select the line corresge
ing to the project in th&olution Explorer window (in Fig 1.1, this line is hig-
lighted) or asolution(this linebegins wih the wordSolution), press the F2 key,
enter a new name and press Enter. The same action should be performed for the
name of tle solution The Solution Explorer window after changing the name
TEXTEDIT1 of the project and itsolution to TEXTEDIT2 is shown in
Fig.1.1 on the right.
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You should also change tlassembly naméhat is, the name of the resul
ing exefile. To do this, ram the Project | <Project name> Propertiesmenu
command (in our casé’roject | TEXTE DIT2 Properties), go to thecorre-
spondingeditortabwith the project nameselectthe Application sectionof this
tab,and specify a new name in tAssembly nametext box(Fig. 1.2). You can
also change the default namespace ndore this project (the Default
namespacedext box, but this is not necessary.

Solution Explorer > o x Solution Explorer > 0 x
@ o-s¢am @l e-s¢ga@
Search Solution Explorer (Ctrl+) J ~| | Search Solution Explorer (Ctrl+) P ~
%ad Solution TEXTEDITL' (1 project) R Solution TEXTEDITZ (1 project)
4 [c=] TEXTEDIT1 4 [c=| TEXTEDIT2
b Properties b Properties
b =W References b =W References
b [=] Formlcs b [E= Formlcs
b C* Program.cs P " Program.cs

Fig. 1.1.Solution Explorer window before changing the project name (left)
and after changing it (right)

Build

Build Events Assembly name: Default namespace:

Debug TEXTEDIT2 TEXTEDIT1

Resources Target framework: Output type:

Services |.NET Framework 4.5 v| |Windows Application '|
Settings Startup object:

Reference Paths |(Not set) v| ‘ Assembly Information... ‘
Signing

Fig. 12. Toppartof the project properties window

1.2. Adding a new form to the project and placing a new control
on the form

When you create a neW/indows Forms Application project, itsmain
form (a class nhameBorm}is automatically created and immediately |IaGhdeo
Visual Studio. A set of files is associated wkbrm] the main of which are
Forml.csandForml.Designer.cs These files contain a description of this form
in C#, and the second of thegorm1.Designer.c$ contains the part of theed
scription thais generated automatically in response to various developer actions
related to visual design (the developey o0 wn usuallg elacd ie the
Form1l.csfile).

If you need to use additional forms in your project (see, for examplg@-Cha
ter 5), then the easst way to add them to the project is by usingRhgect |
Add Form ( Wi ndomens cofmmandmspyeegious versions, the
command was namedlr oj e c t | Add )VWWVherdtlisncemmiena r mé
iIs executed, a dialog box appears in which you must specifmahee of the
added form (which will also be the initial part of the names of the files contai
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ing its description). The examples described always use the default form names
(Form1Form2etc.).

Any created form is displayed in the Visual Studio editod@sign mode
(an image of the form and its contents appears on the screen); the corresponding
editor tabnameends with the texfDesign]. For example, for the main form
Formlthe tabnamecontains the texitorml.cs [Design] To go to the contents
of the @rresponding céile, just press the F7 key; a new tab with the text of this
file will appear in the editor (theameof this tab will contain the file name, for
exampleForml.c9. To switch back from thprogramcodeto theform image,
you can use the 8ttF7 key combination. You can also switch between the
form image and th@rogramcode using the context menu: when you rHdltk
on the image of the form, the first item of the pgpmenu is namediew Code
and allows you to go to therogram codeof the csfile, and when the context
menu for theprogram codeof the csfile is called the View Designer menu
itemis available whichallows you to return to design mode.

Another convenient way to switch between different windows of the Visual
Studioenvironment is to use the Ctrl+Tdd®y combination: after pressing it, an
auxiliary window appears on the screen with a list of all loaded files and forms
(Active Files), as well as all open auxiliatpol windows Active Tool Win-
dows). Fig. 1.3 shows amxampleof this window. After ths window appears,
you should,without releasing the Ctrl key, select the name of the fileoor
window that you want to activate (you can use the arrow keys and the Tab key
to select), and then release the Ctrl key.

=] Forml.cs [Design]

Visual C# Source file

Active Tool Windows Active Files

. Solution Explorer E=] Formlcs
K& Properties Forml.cs [Design]

= Toolbox lc#] TEXTEDIT2
E Command Window

[> Output

[® Error List

DAWinForms\TEXTEDIT2\Form1.cs

Fig. 1.3.Auxiliary window for selecting one of the loaded files
or tool windows of the Visuabtudioenvironment

Any tab in the editor can be closed; to do this, just make it active and press
the Ctrl+F4key combination or call the context menu of a tab by Fdiaking
on its tabnameand selecClose

If the required form is not loaded the editorafter loading an existing pr
ject, it is enough to doublelick the name of this form in th&olution Explorer
window (see Fig. 1.1). Alternativelyou canright-click the name of this form
and selecOpen from the context menu that appears. This menu also contains
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theView Codeitem, which allows you to load the text of thefis into the ed
tor, and theView Designer, which allows you to load the forimageinto the
editor in design mode.

To place a newontrolon the form, use th&oolbox window (this window
can be displayed on the screen either byMiesv | Toolbox menu command or
by the Ctrl+Alt+X key combination). This window is usually displayed on the
left side of the screerfig. 1.4containsa view of the upper part of theolbox
window when th&ll Windows Forms group is selected in it. Note thadntrok
appear in th&oolbox window only when the editor is in design modie.this
window, it is necessaryo select the group containing the requiceahtrol (by
clicking on the name of this group), then click on tlzeneof the requiredccon-
trol to select it (in Fig. 1.4, th8utton controlis selectedl and finally click in
the msitionof the form where theelectedcontrolis supposed to be placed

In order to select @ontrol in the Toolbox window, you do not need to
know which group it is contained in, since this window containsAth&Vi n-
dows Formsgroup, which lists all availableontrok in alphabetial order (see
Fig. 1.4).

Toolbox v = X
Search Toolbox P~
4 All Windows Forms

k  Pointer

BackgroundWarker

" BindingNavigator

@  BindingSource

@] Button

CheckBox

§=  CheckedListBox

7% ColorDialog

& ComboBox

%] ContextMenuStrip

@ DataGridView

¥ DataSet

Fig. 1.4. Top view of the Toolbox window

If the Toolbox window covers the part of the form where you want to place
the control you can click on the imag* in the title bar of thé oolbox win-
dow; this will cause th&oolbox window to be positioned to the left of the form
window, and the image™ will be changed tc*. Note thatin this modethe
Toolbox window will not automaticallyhide after placing the selectezbntrol
on the form (tchidethe Toolbox window, just click on thémage *).

To quickly placeseveralcontrok of the same typen a form,you should,
after selecting the requiramntrolin the Toolbox window, click the form se
eral times while holding down the Ctrl key. If you need to deseleonhtolin
the Toolbox window without placing iton the form, then it is enough to select
the Pointer itemin this window (it is located first in any group cbntroki see
Fig. 1.4).

If you want to place aontrolnoton a form, but in anotherontrol (for ex-
ample, in @Panelcontrol), then when placing theontrol you must click in the
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area ofthetargetcontrol Only speciakontrok calledcontainercontrols can be
used adgargetcontrok (the form itself is @ontainercontrol too). A container
control (form, panel, etc.)hat contains otherontrok is called thearentof the
child controk it contains.

When describing the stages of project development, we will always indicate
in which containecontroleachcontrolshould be placed.

You can display garentchild hierarchy of all controk located in &orm.

The corresponding window is displayed on the screen bwibe | Other
Windows | Document Outlinemenu command. Using the dragddrop of the
controk in this window, you can also adjust their hierarchy. Bep21.7
in Section21.2for an example of thBocument Outline window.

After adding acontrolto a form, it automatically gets a name, which is
stored in itsNameproperty. By default, the name of awpntrol starts with
alowercase letter and consists of it@trol type name andraordernumber.
Thus the first button placednthe form (acontrolof type Buttohwill be named
buttonlthe second button will be nambdtton2and so onForms have names
that begin with an uppercase lett&io(m1Form2 etc.);this is due to the fact
that these names are the names of aoksseghat aredescendants of the base
Formclass. The default name can always be replaced with another namie that a
lows, for example, to clarify the purpose of a particalamtrol (for exampe, the
button containing the texDK can benamed abtnOK However, the described
projects almost always use tkhentrolnames offered by the Visual Studiau-
ronmentby defaulf this allows you to reduce the number of steps for setting
control propertes and simplifieseadingprogramcode i Me a n i magnds are 0
used only for menu itemshortcut buttons and sections of the status bar (see
Chapters12, 15, 16). It should be noted, however, that when developing large
projects it is advisable to use amngful names for attontrok.

When describing actions for addingcantrolto a form, it is almost never
specified how to position eontrolon its parentontrol since this can be easily
determined from the given figure. Lt list the ways to posdn acontrot

1 dragging with the mouse over the form (while auxiliary alignment lines
appear on the form allowing tle®ntrolto snap to the boundaries of the
form or place it at the level of the boundaries of existiogtrok);
using the alignment pankebhyout (seeSection18.1, Comment };
moveby one pixel using the arrow keys;
explicit indication of the value of tHeocatioproperty in theProperties
window (working with theProperties window is discussed in detail in
Section 1.3).

The sizes of the visl controk are also usually not specified. To adjust the
controlsize you can drag with the mouse on one of the handles surrounding the
selectedcontrol or u® the arrow keys while holding down the Shift key. You

= =2 =1
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can also explicitly set th&izepropety in the Properties window or use the
Layout panel.

For more information related to customizing the application menu, its
toolbar, and status bar, s€&haptersl2, 15, 16.

1.3. Setting properties of forms and controls

To configure the properties of forms acahtrols, use thd’roperties win-
dow, which can be quickly accessed using the Alt+Ekégrcombination (you
can return back to the formmageusing the previously described Ctrl+Talmeo
bination). TheProperties window is usually located in the lower rightroer of
the screen and can be in two modesoperties and Events (see Fig. 1.5). In
this section, we will consider tieroperties mode designed to display the pro
erties of a selectedontrol or a group ofcontrok (to switch to this mode, click

the thid button ¢ on the toolbar of th€roperties window).

Form1 System.Windows.Forms.Form = Forml System.Windows.FormsForm @
a2 ER D
Padding 00,00 DragDrop
RightToleft No DragEnter
RightToleftLayout False Dragleave
Showlcon True DragQver
ShowlInTaskbar True EnabledChanged
Size 694; 381 Enter
SizeGripStyle Auto FontChanged

StartPosition CenterScreen ForeColorChanged
Tag FormClosed
Text Text Editor FormClosing Forml_FormClosin

Text FormClosing

The text associated with the control. Occurs whenever the user closes the form,
before the form has been closed and
specifies the close reason.

Fig. 1.5.Propertieswindow in Properties (left) andEvents(right) modes

If a group ofcontrok is selected, then the properties window displays only
those properties that are available for diéstdcontrok.

Selecting a group ofontrok allows you to quickly set them to the same
size, headers or other common properties, as well as move them, whle mai
taining their relative position. Lais list the ways to select a groupaointrok:

1 clicking on thecontrok while holding down the Shift or Ctrl key;

1 coverage otontrok by a dotted frame that appears on the form when
moving the mouse with the left button pressed (to salecintrol it is
enough to grab part of it with the frame).

If a graup of controk is selected, then om@ntrol of this group iscurrent

(its markers are white}ig. 1.6 shows a fragment of a form with four selected
controk; the currentontrolis button2The result of some actions (for example,
alignment ofcontrok an a formi see Sectioi8.1) depends on whiatontrol of

the selected group is the current one. To make anotimtrol from the selected
groupthe currentone just click on it with the mouse. To deselect a group of
controk, select @ontrolthat is notncluded in this group.
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listBiox1

l buttan3 l E
; - i

Fig. 1.6. Fragment of form with a group of selectecbntrok

It is useful to know that if a&ontrolis selected, therto select its parent
control, it is enough to press the Esc key (in this way, you can quickly select any
continer control even if it is entirely covered by chilkcbntrok). There is an
even easier way to select a fonstclick on itstitle bar.

Using the first two button z= 24 of the Properties window (see Fig. 1.5),
you can configure how the properties arepldiged: bycategory(the first but-
ton) or inalphabetical order of nameghe second button). Each category has
aname (for exampléAppearance and containsrelated properties. By gropr
ing properties alphabetically, it is easier to navigate to theeadepiroperty; at
the same time, at the initial acquaintance with the properties available in the
control, it is more convenient to use grouping by categories.

In the examplerojects setting the properties of forms aodntrok is ce-
scribed in the listingentitled Properties. An example of such a listing the
following listing taken from Sectiob.1

Properties

Forml: Text = Main WindowMaximizeBox = False,
FormBorderStyle = FixedSingle

buttonl: Text = Opensubordinate Window

button2: Text = Opendial og window

In the property setting listingsye first specify the name of theontrol
whose propertiese want to change and then, after the colon, a list of its custom
properties in the format

property name = new property value
(the property value is ibhold). Properties are listed separated by commas.

Controbk can haveomposite propertieghat is, properties that have their
own properties (for exampl&on}. If we need to set one or more properties of
such a composite property, the dot separator is sttt property setting lis
ing, for example (this is a copy of listing from Sectiih?2):

Properties
Form2:Text = empty string ,ControlBox = False,

FormBorderStyle = FixedSingle ,Opacity = 80%

ShowlnTaskbar = False, StartPosition = CenterScreen,

UseWaitCursor = True

labell: Text =  Trigonometric Functions ,
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AutoSize = False,Dock = Fill , TextAlign = MiddleCenter,

FontName = Times New RomaRontSize = 32, FontBold = True

Composite properties are marked in fReperties window with a fi+o
mak to the left of the name (in Fig. 1.the Paddingnd Sizepropertiescontain
the fit+0 markg. Clicking on thef+0 mark displays all the properties of the-s
lected composite propertandthe fit+0 mark changes tgi 6  m.aClicking on
the il 0 mark collapses the list of properties of the composite property.

The previougroperty settindisting demonstrates another notation used: if
a property needs to be cleared, the italic fiertpty strin@is used as its value.

The Boolean property values use the camstTrue and False that start
with a capital letter (as opposed to the C# keywonagsandfalsg, because this
is howBoolean constants are specified in Breperties window.

The Properties window uses suipanels to set some anchoring or iadig
ment progrties (such aBockor TextAlign To display such panels, use thd-bu
ton =l that appears when the corresponding property is selected. In these panels,
you need to select one or several elements located in the required position (left,
right, center, etc; Xhe result of the selection will be displayed in Breperties
window as plain text (for exampl8&ottom or MiddleCenter). Althoughthese
actions are intuitive, they are usually provided with additional explanations in
the description of example projects

In some cases, it is convenient to use a spd@idg boxto set a property.

If a property has such dialog box then when the property is selected in the
Properties window, abutton =l is displayed to the right of it, which allows you
to call a dialg box (an example of such a propert{}.

1.4. Defining event handlers

All controk have not only a set of properties, but also a seventsthat
can be assiciated withethodscalledevent handlersThe list of handlers for the
selectedcontrol or groyp of controk is displayed in th@roperties window in
the Events mode (see Fig. 1.5); to switch to this mode, press the fourth button

& on the toolbar of th@roperties window. The list of events, like the list of
properties, can be ordered in two wayg.clategoryand byname(in alphabat
cal order).

Doubleclicking on the empty inputext boxnext to the name of theer
quired event automatically creates a template for the event handler. Any event
handler for anycontrolis amethod of the formon which tle controlis located.

All examples use the default names of the handler methods provided by Visual
Studioto make it easy to determine whicbntroland event typéhe handler is
associated with.

The handler texts are shown in listings whose headngsvith the word
Aandleo, f or e x acoyy bféhe efvantthandler from Sectiorl).
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Forml.MouseDown handler
private void Form1_MouseDown(object sender, MouseEventArgs e)
{
buttonl.Location = new Point (e X - button1.Width / 2,
e.Y - buttonlH eight/ 2);
}

Thetextthat youshouldadd to the automatically generated handler method
templateis in bold. Sometimes program fragments are provided with comments,
although more often explanations are given in the main text of the example or in
a specialCommentsection.

If you need tauseanexistingmethod as a handler, then just select the name
of this method in the dredown list next to the event name in tReperties
window (the expanding butta=l appears near the selected event)

Since when devioping programs in Visual G#ou need to have a clear
understanding of how event handlers are created and used, a special project
EVENTS (Chapter 4) is devoted to this togtonnectinga handler to multiple
events is discussed in detail indpiter6.

1.5. Making changes to the program text

Whendevelopingprojects changes are usually made to the text of existing
handlers. If the changes are significant and cover the entire text of the handler,
then its new full text is shown, in which the added lines or fiagments are
highlighted inbold and removed lines amarikethrough for example(this han-
dleris a copy othe handler from SectiaeR.7):

private void Form2_FormClosed(object sender,
FormClosedEventArgs e)
{
Forml f = MdiParent as Form1;
if ( MdiParent MdiChildrenLength == 1)
fwindow1l.Visible = f.close2.Enabled = fresize2. Enabled =
fzoom2.Enabled = false;
}

If the changes are insignificant and the handler is large enough, then it is
simply indicated whiclstatementseed to be added or replaced, for example:

Addthe followingstatemento thezoom1_CheckedChangethod

(MdiParent as Form1).zoom2.Checked = zoom1.Checked;

Change the last statement in #@m2_FormClosedthod as fabws:

fwindowlVisible = fclose2 Enabled = fresize2 Enabled =

fzoom2Enabled = fzoom2.Checked = false;

If the place of addition is not specified, thaatementshould be appended
to theendof the method.
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You can go to an existing handlerrtadify it either by moving through the
text of the file or using th@roperties window by doubleclicking on thetext
box with the name of the required handler.

Changes to the progracodethat are not associated with a specific handler
are described in a sifar way, for example:

Add the field to the description of tlk@rmXlass

private Form2 form2 = new Form2();
Add thestatemento the constructor of theormZXlass:
AddOwnedForm(form2);

When typing and editing prograoode you should use the additionaaf
tures of the Visual Studio editor. Les describe some of them.

1. If youtypethe name of an object (for exampleittonland a periodi.o
after it, then a list of all methods and properties that this object has will appear
on the screen, and to quigkselectthe desired method, you just need to type its
first few characters. To insert the name of the selected method or property into
the prograncode press the Enter, Tab &pacebar keys. The list of methods
and properties can also be called explidity pressing the Ctrl+Spalar key
combination.

2. After typing the method name and parenthd¥%® a prompt appears on
the screen with a short description of this method and a list of all its parameters.
If the method is overloaded, that is, it candadled with a different set ofgp
rameters, then you cdmowseall of its overloaded ersionsby pressing the keys
Up (=) andDown (®). You can also press Ctrl+Shift+Spacebashow this hint

3. It is convenient to ud@ookmarkgo quickly jump to the dgredpiece of
code To settlear a bookmark on the current line of the progremde (that is,
the line containing the keyboard cursmamedcarei), press Ctrl+K and then
again the same Citrl + Key combination To go to thenextor previousbodk-
mark, pres Ctrl+K and then Ctrl+N or Ctrl+Respectively. You can also use
the Edit | Bookmarks menu groupand peedbuttons €1 A *3 in the
Text Editor panel.

4. If you need toccomment outainy piece of codgethen just select it and
press Ctrl+K and then Ctrl+C. In ord@runcommena commented ow piece
of code you need to select it and press Ctrl+K and then Ctrl+U. If you need to
comment out or uncomment one line, then it is enough to placeatkeon it
(instead ofselectingt) and then press the indicated keyrbinations. Instead of
shortcutkeys you can use thepsedbuttons = 2z in theText Editor panel.

5. The editor of the Visual Studio environment has selarch and replace
tools. Theseoolsare described in detail Gomment 2 Section9.5.

1.6. Application launch

Each stage of project development is described in a separate section of the
chapterconnectedwith that project.Eachsectionbegins with a description of
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the steps involved in changing the projédtis is followed by a paragrapleb
ginning with theResultword. This paragraph describes how the new version of
the program will work. Theresenceof the Result paragraphs a signthat the
modified project can be compiled and run (to do this, just press the F5 key or the
button b ).

If the program codeorntains syntax errors, then messages about these e
rors appear in th&rror List window, which becomes active. In order to go to
the program line in which the first syntax error was found, just predSdie
(®) key (as a result, the message about the dmsir will be highlighted) and
then press Enter. Alternativelypu candoubleclick on the line with the error
message.

When compiling a program in the Visu&tudio environment, two erv
ronment settings play an important roléhese settings atecatedin the Pro-
jects and Solutionsgroup of theOptions window (this window is invoked by
the Tools | Options...menu command). The first setting is in Beneral sec-
tion; this is theAlways show Error List if build finishes with errors checkbox
that must beselected. The second setting is in Bweld and Run section;this is
the On Run, when build or deployment errors occurdrop-down listin which
the Do not launchoption should be selected.

If the Result paragraph is followed by a paragraph marked withError
word, it means that the program, despite successful compilation, will not work
quite correctly, and additional corrections must be made thoist &llows you to
draw attention to typical errors that can occur in similar situatidinge Result
paragraph is followed by a paragraph marked whigDisadvantageword, then
this means thahe program is working correctly and doing what is required, but
it has interface defects, that is, it is inconvenient to use. As a rule, immediately
after the desqption of the error odisadvantage theway of correcting them is
indicated, although sometimes the correction is postponed until the next section.
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2. Console application: DISKINFO project

The DISKINFO project introduces techniques for develogingsoé -
plications We describe the structure of a console application and the namespa
es connected to it. Formatted output is discussed, in particular the use of escape
sequences. TherivelniaStringBuildeandEnvironmetasses are describeall-
SO we @amine issues related to the use@imand linerguments

2.1. Creating a console application

When creating aewconsole applicatiomproject,you shouldollow almost
the same steps as when creatijiadows applicatiomproject(see Section 1.1).
The only diference is specifying a different projeettplatein the New Project
window: for a console application, select thensole App(or Console Appl-
cation) template
The created project contaithe Program.csfile, which will be loaded into
the editor
Program.cs
using System;
using SystemCollections.Generic;
using SystemLing;
using System.Text;
using System.Threading.Tasks;

namespace DISKINFO
{

class Program

{
static void Main(string[] args)
{
}

}

}
The first five directivesin the Program.cs file contain the names of the

namespacewith most commonly usedtandardclasses (se€omment 1) Due
to thesedirectives class names can lbsedin the prograntodewithout speé
fying namespace they belong to (for example, inste&ystem.Conlgpyou can
simply write Consolg

The Mainmethod is the starting point for program execution.algspa-
rameter allows you to get information about doenmand linergumentssped-
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fied whenlaunchingthis program (the use of tla@gsparameter is demotrated
in Section 2.3).
Add newstatement$o theMainmethod:
Console WriteLine("DISKINFO program\ n");
Console WriteLine(" \nPress <Enter>to end the program.. ");
Console.ReadLine();

Result When the program starts, a spe@ahsole windovappears on the
screen, which is used falatainputoutput in text mode. The console window
contairs thefollowing text

DISKINFO pgram

Press <Enter> to end the program..

After the program terminates, the console window is closed immediately.
To give opportunity toacquaint with the contents of the window, a call to the
ReadLinenethod of theConcolelass has been added to the program (see the last
statement). This method is intended iimput a string, and the sign of conepl
tion of the input is the pressing of tkmter key. Therefore, until you press-E
ter, the console window will remain on the screen. The string returned by the
ReadLinenethod is not used in the program, so there is no need to store it in any
variable.

Comments

1. Letus give a brief descriptionf the namespaces automatically cortnec
ed to our applicatiorsgethe first fivedirectiveg. TheSystenmamespace is the
primary namespace for the .NET Framework standard library; it contains class
definitions that are needed in almost any program. Incodat, it defines the
Concolelass, which providesput-outputfor the console window. Th8ys-
tem.Collections.Geneamespace contairggeneric collection classe$seneric
classes were introduced in .NET 2t way of implementing collections
based a generics allows you to specify whercldginga collection what type
of data it will contain (an example of using a generic collection class is given
in Section11.1). TheSystem.Lingamespace allows you to usiNQ queriesn
your program to handle viaus data sequencesncluding arrays and colde
tions (an example of using LINQ ques is given in Section 19.3The Sys-
tem.Textamespace contains various classes and enumerations for héextling
data; in Section 2.2, we will use the StringBuildeclas defined in this
namespace. Th8ystem.Threading.Tas&ksespace contains classes for idelu
ing parallel andasynchronougode into a prograntl{ese classewill not be
used in tle book).

2. The\n combination used in string constants is one of ébeapese-
guenceghat can be specified in string expressions. This combination denotes
character with code 1@ 6ew ling. Some ther escape sequencas:

1\ (charactef\o),
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91\" (double quote),

1\ (single quote),

1\0 (character with code 0),

1\r (carriage returni character with code 13),

1\b (character with code 8 generated by the Backspace key),

1\t (tabulationi character with code 9)

1\uN (Unicode charactewith hexadecimal codH).

In the escape sequen#N, codeN consists o4 hexadcimal digits and
can be 0000 to FFFF; for example, the charac@d4l1denotes the Latin te
ter A (code 65).

3. If you run the console application notrebug mode but in Release
mode (by pressing Ctrl+Haistead of F then when itfinishes the tex ap-
pears in the console windofiv Ress any keyo continue..0 and the window
will be closed only after pressing an arbitrary kK€us, in this mode there is
no need for th€onsole.ReadLingti@temen{moreover, if thisstatements pre-
sent, to close #application inReleasemode, you will first have to pressk
ter, and thersomearbitrary key). However, when you run the resulting-tbee
directly from Windows (not from Visual Studio), the application runs in the
same way as ibebug mode, that is, thii RRss any keyo continue.0 mes-
sage does not appear.

4. Starting from version C# 6.0 (NET Framework 4.6, Visual Studio
2015), you can omit the name of t@ensolelass when calling its methods if
you first specify a speciakevsionof theusingdirective:

using static System.Console;

After the using statitext, you must specify thilly qualified nhameof the
class (that is, the name that includes the namespace), which you can later omit
when calling its methods (for example, instead of @mnsol&VriteLine(®r
Console.ReadLingtgtement, you can just specifiriteLine@r ReadLine))

2.2. Receiving the information about current disk

At the top of thdProgram.csfile, add the statement
using System.lO;

Add a newDInfamethod to thé’rogranclass
st atic void DInfo(string path)
{

string none =" --- ",

d = path[0].ToString().ToUpper();

Drivelnfo di = new Drivelnfo(d);

StringBuilder s = new StringBuilder(40);

sAppendFormat(" {0, -4}",d);

if (di.DriveType != DriveType.NoRootDirectory)
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sAppendFormat(" {0, -9}", di.DriveType);
if (di.lIsReady)
s.AppendFormat("{0,14:NO} {1,14:NO}", di.TotalSize / 1024,
di.TotalFreeSpace / 1024);
else
s.AppendFormat("{0,14} {0,14}", none);
}
else
s AppendFormat(" {0, -9}0,14}{0,14}", none);
Console WriteLine(s);
}
Change theMainmethodas follows:
static void Main(string[] args)
{
Console WriteLine("DISKINFO program\ n");
Console WriteLine(" Disk Type Size (K) Free (K)");
Console WriteLine(new Stri  ng('=', 40));
Dinfo(Environment.CurrentDirectory);
ConsoleWriteLine(" \nPress <Enter> to end the program..”);
ConsoleReadLine();
}
Result When the program is launched, information about the current disk
is displayed in the console windpfeor exanple:
DISKINFO program

Disk Type Size (K) Free (K)

D Fixed 720 759 804 14 519580

Press <Enter> to end the program..

Comments

1. TheDInfamethod takes pathstring as a parametdrom which only the
first character is used (it is assumed that this charactedrisealette)). Since
path[Ois a char expression, to be able to use this expression as a string-param
ter to the constructor of thBrivelnfalass,we must explicitly cowert it to
string using theToStringnethod.The resulting singkeharacter string is then
converted to uppercase using TraJppemethod of thestringclass.

2. TheDrivelnfalassis used to retrieve disk informatiofhis class isn-
troduced in .NET 2 Frameworkand defined in th&ystem.l@amespacelo
create an object of tHerivelnfalass, just call its constructor specifying the le
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ter of the required drive. ThBriveTyp@roperty (of DriveTyp@&numeration
type) allows you to determine the typedisk media, even if the disk is an
vailable (among the possible valugfsthe DriveTypenumeration, we indicate
Removab]d-ixeqd Networkand CDRom For an available diskye can dete
mine its size in bytes (thBotalSizeroperty oflongtype), the &e of free space
in bytes (theTotalFreeSigwoperty oflongtype) and its label (th&olumelLabel
propertyof stringype; this propertys available for both reading and writing).

Note that thdongtype used for th&@otalSizandTotalFreeSizgopertes &
lows numbers to be stored in the rangem 19223372036854775808
to 9223372036854775807 (thus, it is possible to determine the size of
adisk containing more tha® million terabytes.

3. When forming a string with information about ttisk, thes object of
the StringBuildeclass was used. This class is defined in 8System.Text
namespace and allows you to more efficiently (compared tsttivegclass)
perform string operations. In the constructor of $tiengBuildefass, we speéc
fied thecapacityof the generated string (that is, its maximum possible size of
40 characters), but this does not mean thaistbkject cannot contain larger
strings: if the size of the actual stristpredin an object ofStringBuildeype
exceeds & capacity, the capacity is automatically doubled. Explicit indication
of capacity in the constructor avsidinnecessarynemory allocation and
deallocation.

An important feature of objects 8tringBuildéype, in comparison withls
jects ofstringtype, is he availability of their symbols not only for reading, but
also for writing. In addition, any actions to change a strin§tahgBuildéype
are performed on the same string and do not lead t@rdaionof a new
(changed) string, as it happenghe stringclassmethodghat modifystring da-
ta. TheAppendFormatethod used in the program adds new data to the-prev
ous content of the strirmnd formats the data

4. When formatting the data, special formatting settings were used, which
generally have théorm {ind,width:speayhereinddefines thandexof the fa-
matted element in the subsequent list of parameters (indexing is carried out
from 0), widthdefines theminimumoutput field width for the formatted element
and the way it is aligned within thigeld (if widthis positive, then alignment is
performed on the right, if negative, then on the left). $pecattribute spee
fies theformat specifierfor this element. Th& specifier used in the program
allows to display a number with spacgbousand separatojs the valueO
specified after it mearnthatthe number of fractional charactesszero(by de-
fault, Nformat displaygwo fractional charactejsLet us list some othdormat
specifiers

1 C (currency format),

1 D (decimal integer format),

1 X (hexadecimal integer format),
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1 E (exponential number format),

1 F (fixed-point number format),

91 P (percentage format).

Format specifiers can be used in many methods related to stringtiognat
such as th&ormamethod of thestringclass andhe WriteandWriteLinenethods
of the Consolelass. Of the attributes included in format settings, onlyinte
attribute is required; it is permissible to specify sevelahtical valuesfor the
indattribute if you want to display the same data is&mwveral times (see the last
two calls to theAppendFormatethod inthe Dinfomethod definition. If the
widthattribute is absent, the minimum width of the output field is usedsto di
play the formattedtem. If the specattribute is missing, then the defeformat-
ting option is selected (this option correspond& tormat specifier). If there is
no width no leading comm@§) is specified;if there is ncspe¢ no leading o-
lon () is specified.

5. Instead of explicitly specifying a string containing 4@relctersi=o
(equal sign), we used anrsionof the stringconstructorwith two parameters
(c,n). This constructomllows creating a string of the specified lengthvith
identical characters

6. To determine theurrent disk the CurrentDirectopyopety of the Env-
ronmentlass was used, which allows you to get the current directory for this
application and is available for both reading and writing. Other useful prope
ties of this classare CommandLinehich returns a string with the full name of
the running exefile followed by command linearguments SystemDirectory
which returns the full name of the Windows system directarset of prope
ties that allow you to get information about the computer,, @&t operating
system:MachineNamé&serNameOSVersiqrVersior(the last property returns
the full .NET Framework version in use).

There is also an array propefdetCommandLineAsgstring[type, the first
element of which (with index 0) contains the full name of thefd&end each
next elenent contains the next command linegument (thus, the
GetCommandLineAmeperty is aCommandLingtring parsed intseparate
words.

In addition, theEnvironmermiass allows you to get and change the values
of variousenvironment variabledefined inthe operating system. To do this, it
has thefollowing methods GetEnvironmentVarialpteturns an array of allne
vironmentvariables as a narealue string pair)GetEnvironmentVariable(name)
(returns a string value for an environment variable nansedeor nullif the
specified environment variable does not exiSgtEnvironmentVariable(name,
val)(sets an environment variable namemeto the new string valuea). If
thevariable with thenamespecified in théSetEnvironmentVariabkthod des
not exist, then it is created; Walis an empty string onul] then the existing
variablewith the given names destroyed.
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7. Starting with C# 6.0, you can format expressions included in strings
without using the specidtormaimethods described i@omment4: you just
need to include the required expression indtmmg itself, enclose it in curly
braces, and provide optional formatting attributes using the rules desitribed
Comment4. Strings formatted in this way are callederpolated stringsbe-
fore their openingdouble quoté, you must specify the $ symbol. As an exa
ple, we will give apart of the DInfofunction (a block of statements after the
header of the externdlstatement), which uses interpolatstdngs

sAppend($" {di.DriveType, -9}");

if (dilsReady)

sAppend($"{di.TotalSize /
1024,14:NO} {di.TotalFreeSpace / 1024,14:NO}");
else
s. Append$'{ nonel 4} { nonel4}");

2.3. Using command line arguments

Modify the Mainmethod in thd’rogram.csfile as follows:

static void Main(string[] args)
{

Console WriteLine("DISKINFO p rogram\ n");

Console WriteLine(" Disk Type Size (K)  Free (K)");

Console WriteLine(new String('='", 40));

if (args.Length == 0)

Dinfo(Environment CurrentDirectory);
else
foreach (string d in args)
Dinfo(d);
ConsoleWriteLine(" \nPress <Enter> to end the program..”);
ConsoleReadLine();
}

Result If one or more drive names are specified as commandatipe
ments information about these drives is displayed (command dinggiments
must be sparated from each other by spacesharffumentsare not specified,
theninformation about theurrent diskis displayed. To set command liae
gumentsin Visual Studig performthe Pr oj ect | DI SKI NFO
menucommand, select thBebug section inthe project propertietab loaded
into the editor and enter the command mgumentsn the Command line a-
gumentstext box So, if you specifyd e f zasthe command lin@arguments
then as a result of the program execution, a text similainéconebelow will be
displayed
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DISKINFO program

Disk Type Size (K) Free (K)

D Fixed 720 759 804 14 519 580
E Fixed 2 930 265084 16 317180
F CDRom e .
Z

Press <Enter> to end the program..

In the Windows environment, the program with parameters can be

launched, for example, from ti&art menu using th&uné command:
D:\ Appsa DISKINF®hin\ DebugDISKINF@xe d e f z

If the program is launched usingshortcut(that is, a special file with the
Ink extension) then its command linargumentscan be set in the shortcut
properties window, which is invoked by tReoperties command of the context
menuof theshortcut In the properties window, go to tiortcut tab and spe
ify the requiredargumentsn theFile (or Object) text box

Disadvantage If you specify as one of the command lirerguments,
astring that does not start with a Latin letter, then aorewill occur during
program execution.

Correction. In theDInfanethod before thestatement

Divelnfo di = new Drivelnfo(d);
add the followingragment
if (do]<' A do]>' 2)

return ;

Result Now the program does not process parameters thattdsiart with
a Latin letter.

Remark. Another possible way to catch such an error is to explicitly handle
the resultingexceptionin a try-catch block(see Chapter 3). However, if it is
possible tocorrectthe error without involving an exception handlingecha-
nism, then this opportunity should be used, since exception handlwveyyis
slow.

Comment

To determine the number of command lemgumentsjust use thd.ength

property of theargsarray. To iterate over all trergumentswe used doreach
loop, whosevariabled gets the value of the next element of #drgsarray at
each iteration. Note that yaannot modifiarray elements usingfareactoop.
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3. Exception handling: EXCEP project

The EXCEP project introduces techniques fandling exceptionsThe
structure oftry blocksis described and features related to the useestedtry
blocks are demonstrated. An overview of the exceptions associated whth arit
metic operations is provided.he checkedand uncheckedtatementsare ds-
cussed.The Parsemethod of converting a string to a number and ttrew
statemenof throwing an exception (including repeated) are considerecerA v
sionof a try block using &nallyclause is described.

3.1. Handling a specific exception and exception groups

This example, ke the previous ones related witha console application.
Create atemplateproject for the console applicatiorseg Section 2.1) and
change the description of tReogranalass in thd’rogram.csfile as follows:

class Program

{
static void M1(int x, i nty,int z)
{
try
{
int a=checked((int)Math.Pow(X, y));
Console WriteLine("x*y / z ={0}",a/ z);
}
catch (DivideByZeroException)
{
Console WriteLine("DivideByZero Exception");
}
Console WriteLine("M1 finished");
}
static void M2(int x, int y, int z)
{
try
{
M1(x,y, 2);
}
catch (ArithmeticException)
{

Console WriteLine("Arithmetic Exception");
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}

Console WriteLine("M2 finished");
}
static void Main(strin g[] args)
{

Console Write("x =");
int x = int.Parse(Console.ReadLine());
Console Write("y =");
int y = int.Parse(Console.ReadLine());
Console Write("z = ");
int z = int.Parse(Console.ReadLine());
M2(x, y, z);
Console RealLine();
}
}
Result For threeinput integersy, vy, z, the program calculates the expre
sionx/ zandhandksthe resulting exceptions (to exit the program, press Enter).
Let us describe the various cases that may arise during program execution.

CaseA. Handling valid values.The calculations are successful; no gxce
tion handlers are invoked

XxX=9

y=2

z=3
xNylz=27
M1 finished
M2 finished

CaseB. Division by zero. The handler for the try block of thd1method

Is activated, which handles anception of DivideByZeroExceptigpe After
that, the program execution continues with the statement following the given try
block:

x=1

y=1

z=0

DivideByZero Exception

M1 finished

M2 finished

CaseC. Integer overflow. Attempting to raise the numbe® 1o the power
of 10 (and then convert the result tthe integer type) throws an
OverflowExcepti@ince thecatchclauseof the try block ofthe M1method does
not handleOverflowExceptiahimmediately moves to the nebdvel try block
handler (thatg, thecatchclauseof the try block ofthe M2 method). Here, the
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OverflowExceptisnhandled because it is a descendant chrhmeticException
which isthe ancestor oéll exceptions thrown by arithmetic errors. Afteath
program execution contingewith the statement following the try block tbie
M2method

x =10

y =10

z=1

Arithmetic Exception

M2 finished

CaseD. Invalid character input. After input an invalid character (forxe

ample, an asterisi, the program execution is immediately int@ted, a return
to the VisualStudioenvironment occurs, and the statement whose execution led
to an exception is highlighted in the prograode(in our case, this will be the
first of the Mainmethod statements containing a call to Bra@semethod. This
behavior is due to the fact that tHdain method does not handle the
FormatExceptitinat was thrown and therefore activates dedault exception
handling mode.

In this situation, twactionsare possible:

1. Immediately interrupt the execution of the pragr by pressing the
Shift+F5 key combination or the button with the image of a red
square | .

2. Continue the execution of the program, skipping the erroneoles stat
ment and possibly several next statements. To do this, click onlthe ye
low arrow + located nar the erroneoustatementand drag it to the
statemenfrom which you want to continue the program execution, then
press the F5 key or the button with the green tria P leYou can also

execute the program step by stapclicking the ¥ or 3* buttons(or
preseng F11 or F10, respectively. Any of these buttons executes the
current statement (that is, the statement pointed to by the yellow arrow).
The difference between them is that if the curstatements a function

call and the code for this function isahable, then the butto ¥ (Step

Into button) provides a jump to the beginning of this function, and the

button 5* (Step Over button) immediately executes the function and

moves to the nexdtatemenaftercall the function

Remark. The behavior of the progm described itaseD corresponds to

the default exception handling iDebug mode (that is, when the program is
started with the F5 key). If the program is launched irRékeasemode (that is,
using the Ctrl+F3ey combination), thenwhen an exceptioonccurs,a dialog
box appears on the screen with information about the occurred excapton
two buttons:Continue (to continue the program execution) a@dit (to termi-
nate the progranmmediatéy).
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Comments

1. TheParsemethod used in the program fibre inttype allows to convert
the specified string to thiattype (for such a conversion to be successful, the
string must contain a@epresentatiorof some integer, possibly padded with
spaces on the left and right). A similar method is available for athmeric
types, in particular, for thdoubldype. It should baotethat when converting
astring to a real number, the decimal separator character is determined from
the settings of the Windows operating systémerefore, in a program running
in the Russian version of Windows,ammamust beinputas the decimal ge
arator. For more information aegionalsettings and how to change them, see
Comment 3 in Seémn 6.4 andthecomment in Section.T.

If the parameter of thBarsemethod cannot be conved to the specified
numeric type, then BormatExceptimthrown (seeaseD above).

2. It is impossible tahrow an OverflowExceptiaen performing oper
tions withreal numbergthat is, numbers adoubldaype) if the resulting nm-
ber turns out to b&oo large, a special valwouble.Positivelnfioityloubldype
(positive infinity will be returned you can perform various actiongth this
valuein the same way as with ordinary numbérkere are two other special
real valuesdouble.Negativelitfi(tnegative infinity anddouble.Nafhot a num-
ber). The standard math functions defined in k&hclass can return botbr-
dinary and special numeric values. For exampath.Sqitl) (square root
of 1 1) will return double.NaNandMath.Log(@patuial logarithmof zerg will
returndouble.Negativelnfinity

In our programwe use thdowfunction from theMathclass, which allows
us to perform exponentiation, and the overflow describedseC occus after
calculating this function when trying teowvert the result to thattype @s
aresult, we geainintegeroverflow).

3. Integer overflow does not always lead to an exception. With the standard
project settingsno exception occurs in this situatiand an integer value that
Is too large igruncatedby discarding the extra high bytes. If this behavior with
integer overflow is undesirable (as in our case), then you can enable explicit
overflow control by enclosing thédangerous expression in aheckedli-
rectivewith parentheses (sétee M1methal). Thisdirectivecan be used to pf
tect not only expressions, but also a grougstatementsin this situation, its
syntax is as follows:

checked { statements}

However, keep in mind that if there arethod callsamong the specified
statementsthen thee will benointeger overflow control inside these methods.

There is also a pairedncheckedirective that disables integer overflow
control. Due to disabled control, operations on integer data are performed
much faster.
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You canalsocontrol integer ovelbw at the level of the entire project by
changing its settings. To do this, execute Rngject | <project name> Prg-
e r t i reauvécommand, go to thauild section in the appeared tab with the
project name, click théddvanced button and set theCheck for arithmetic
overflow/underflow checkbox.

3.2. Handling any exception

Modify the Mainmethod in thd’rogram.csfile as follows:
static void Main(string[] args)

{
try
{
Console Write("x ="
int X = intParse(Console ReadLine());
ConsoleWrite("y =");
int y = intParse(Console ReadLine());
Console Write("z ="
int z = intParse(Console ReadLine());
M2(x,y, 2);
}
catch
{
Console WriteLine("Other exception");
}
Console ReadLin€);
}

The program now contairtBreenested try blocks.

Result In any ofcasesA, B, C discussed itsection 3.1, the result of the
program will be the sam&€aseD (input invalid character) will displaghe fd-
lowing text:

X=7%*
Other exception

After thatthe program will wait for Enter to bgressed t@nd its execution
Thus, no exception will now cause the progrartetminate

Disadvantage The information displayed on the screen does not allow you
to determine which exception occurred during the program execution.

Correction. Change theachclausen theMainmethod to the following:

catch (Exception ex)
{

Console WriteLine(ex.GetType().Name +":  \n " + ex.Message);

}
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Result Now, if an invalid character isput, moredetailedinformation will
be displayed:
X=*
FormatException:
Input string was not in a correct format.
Comment
In the last version of the program, a handler was defined fdéxheptign
which isthe common ancestarf all exceptionclassesTherefore, it is activia
ed when some exception is thrown that was not handlede previous try
blocks.Using theexvariable ofExceptiotype allows you to access the imet
ods and properties of the thrown exception: the name of the exception class can
be obtained using the expressiex.GetType(). Narfike GetTypeanethod is
called, which returns an object df/petype, and thé&Nameproperty is called for
this object) a brief description of the error is available usingMessagerop-
erty of theexobiject.

3.3. Re-throwing a handled exception

Appendthe catchclausefor the try blockof the M2methodas follows

catch (ArithmeticException)

{
Console WriteLine("Arithmetic Exception");
throw;

}

Result In any ofcasedA, B, D, the result of the program will be the same.

CaseC (integer overflow) will display mordetailedinformation:
x =10
y =10
z =1
Arithmetic Exception
OverflowException:

Arithmetic operation resulted in an overflow.

This is because th#hrowstatement added to treatchclauseof the M2
methodre-throws the exceptiorafter it handing. The rethrown exceptiommn was
finally handled in thecatchclauseof the Mainmethod.

Comments
1. Thethrowstatementis also used to expliciththrow an exception in
aprogram. For example, i&n integer parametem of some methodM can
only take values from 1 tonMax then if this condition is violated,
an ArgumentOutOfRangeExcegtiound be thrown in the methdd
if (n<1]| n>nMax)
throw new ArgumentOutOfRangeException('n");
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The usedversion of the constructor of thé&rgumentOutOfRangeException
class allows you topecify the name of the erroneous parameter irMbgsage
property of the thrown exception. In our case, this property will contain the
text: Specified argument was out of the range of valid values. Parameter
name: n. An example of using théhrowstatemenhis also given in Se
tion 23.1.

2. A try block can contain multipleatchclauses to handle different types
of exceptionsThere is also aadditionaltry block clausenamedfinallywhich
Is located after altatchclauses and contains code to releaseipusly alloc&
ed resources, close files, and perform other finishing actidresfinallyclause
Is alwaysexecutegboth afternormalcompletion ofstatements in the try block
and when an exception is thrown, even if this exception wakamatledin the
previouscatchclauses Versionsof a try block withthe finallyclause are given
in Sectiors 21.5i 21 6.
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4. Events: EVENTS project

The EVENTS project introduces the basic techniques for developing
eventsdriven applications We demonstrate how t@sseiate an eventwith
ahandler (in design mode and programmaticaliyw to disconnecta handler
from an eventandhow toreconnecit later. TheRandonalass and properties of
visualcontrok related to their size and position on the screen are cortsidere
overview of the structure of a Windowsaphicalapplication and itgontrok is
given.

4.1. Connecting an event to a handler

The EVENTS project is the first graphical application discussed in the
book, so we will describe the steps for its developmemntore detail (see also
Chapterl).

After creating a new project of the&indows Forms Application type,
place aButtorcontrolon Formlusing theToolbox window (the easiest way is to
select theButtorcontrolfrom theAll Windows Forms group, which contaim all
controk in alphabetical order). The added button will be automatically nhamed
buttonl

Set the properties dformlandbuttonito do this, use th€roperties win-
dow):

Properties
Formi: Text = Bouncing Buttons,
StartPosition = CenterScreen

button 1. Text = Close
UseFig. 4.1to adjust the form size and button position.

o= Bouncing buttons E@

W H]

§C|uset§

Fig. 4.1. Forml view at the initial stage of development
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Associate a handler with tli&ickevent of thébuttonontrot
buttonl.Click handler
private void buttonl_Click(object sen der, EventArgs e)

{
Close();

}

To do this, select thbuttonlon the form, for example, by clicking on the
button with the mouse (as a result, markers will be displayed around the button,
as in Fig. 4.1, and théroperties window will be configured to dplay the bt
ton properties). Then select tl@ents mode in theProperties window (by
clicking on the buttor # ) and doubleclick on the emptyext boxto the right of
the Clicklabel. As a result, theorml.csfile with the description of th&orml
classwill be loaded into the editor of the Visuatudioenvironment, and tem-
platefor the Clickevent handlertlie button1_Clickethod) will be added to this
file. Now, using the editor, you need &ald the necessargtatementgo this
template (inour case the Closemethodcall). The automatically generated text
of the buttonl_Cliagkethod is shown in the listing in regular font, and pine-
gram codehat needs to be added to the method is shownlah

Similarly, create MouseDowevent handler foFormi:

Forml1l.MouseDown handler
private void Form1_MouseDown(object sender, MouseEventArgs e)
{
buttonl.Location = new Point(e.X - button1.Width / 2,
e.Y - button 1. Height / 2);
}

Since this event should not be associated with a button, but with a form,
you must first select therm by clicking in its free area or on its title.

Result After starting the program, ti&gouncing buttons window with the
Close button appears on the screen. When you click anywhere in the window,
the buttonfjumpsd to the spedied location. TheCenterScreewalue of the
StartPositigropertyensures that the window is centered on the scfadaking
the Closebutton exits the program and returns to Visual Studio.

Comments

1. TheClosdunction is a method of theormXlass nherited from thé-orm
ancestor class. Since tlheittonl Clickvent handler is also a method of the
FormIclass, you do not need to prefix tGBdosemethod with the name of the
form object for which this method is called.

2. In theForm1l_MouseDowmethod,the value of thd.ocatiomproperty of
the button is changed, so you must explicitly specify the olpettan)lwhose
property you want to change. Thecatiomproperty isthe Pointstructure co-
sising of two integerfields, X andY. To change it, a nemstance of thé>oint
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type is createdvith fields that aredefined using theX andY fields of the -
rametere (these fields contain the coordinates of the position at which the
mouse button was pressed). TWadthand Heightproperties of the button are
used to center the button relative to the mouse cursor. Pay attentiom@nthe
keyword, which is required when calling constructors of structures and classes.

3. The position and size of any visuantrol (that is, a descendant of the
Controtlass), irluding the form itself, can be determined and changed using
aset of properties. The abowentionedLocatiomproperty, as well as thieeft
andTopproperties ofnttype, are responsible for the position. These properties
(like the X andY fields of theLocatiomproperty) determine the coordinates of
the upperleft cornerof theform controlrelative to the uppeeft corner of the
clientareaof a form(the clientareadoes not includéhetitle barandframeof
aform). In the case of a form, tHeocatin Leftf andTopproperties define the
coordinates of thapperleft corner of the form relative to thgperleft corner
of the screen.

There are alsthe Rightand Bottonproperties ofinttype which determine
the coordinates of thiewer-right cornerof the visualcontrol All coordinates
are in pixels.

The Sizepropertyis responsible for sizef controk; it isa structure oBize
type with the Widthand Heighffields of inttype There are also the/idthand
Heighproperties ofnttype

4. How dees the program store information about t@ntrols placed on
the form and how does it find out the values of the propeséigs the Proper-
tieswindow?

All this information is saved in a text file associated with the form designer
(in our case, this e is named~orm1.Designer.c$. Although it is usually not
necessary to manualbprrectit, it is useful to familiarize yourself with its oe
tents by loading this file into the editaio(do this, you just need to double
click on the file name in theSolution Explorer window). The
Forml.Designer.csfile contains the part of thEormiclass description that is
directly related to visual design. In particular, the end of this file contains a list
of all thecontrok placed on the form. In our program, suatoatrolis a bu-
ton:

private SystemWindows FormsButton button1;

Further, if we expand the hidden sectiovhich ismarked with theWin-
dows Form Designer generated codext, by clicking on the + sign, we will
see gpiece of codeontaining all the propey settings that we made using the
Properties window, for example:

thisbutton1.Text = "Close";

Note that changing these properties directly in the text of the
Form1.Designer.cdile will immediately affect the appearance of the form. So
if you change thabove statement to the following
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thisbuttonl.Text = "CloseWin";
and switch to the form design mode (that is, go taRtwenl.cs[Design] tab),
the buttoncaptionwill change toCloseWin, and the same text will be specified
for the butto® $extpropertyin theProperties window.

Thus, all actions associated with placicgntros on the form and setting
their properties can baescribed in the program codeisiWaltools such as the
Toolbox andProperties windows only speed up this process and make it more
intuitive.

5. How does the program know that tbattonl Cliakethod should be
called when thebuttonlbutton is clicked and th€orm1l MouseDowrethod
should be called when the form is clicked?

Simultaneously with the creation of a template forlibtbn1_Clicknethod,
the name of théuttonl Cligkethod appears in théroperties window ner
the Clickevent(you can verify this by returning to the form design modeh-hig
lighting thebuttonbutton and switching to thevents mode in theProperties
window by clicking the buttor # ). In other words, thealueof the Clickevent

for the buttonlcontrol becomesbuttonl_Clickn the Forml.Designer.csfile,
the corresponding action ispresenteds the followingstatementit should be
noted that thistatemat contains many redundant elementgist compare it
with the statementdor connecting handlers, which are used further, io- Se
tion 4.3):

thisbutton1 Click += new System EventHandler(thisbutton1_Click);

All controlevents displayed ithe Property windows in Events mode are
empty by default, that is, they are not associated with any handlers.

If some event is associated with a handler (in our cas€litkevent is a-
sociated with thdéuttonl_ Clickethod), then when the corresponding event o
curs (br example, when a button is clicked), tbentrol calls the handler
method that isonnectedo it. In this case, the first parameter of the handler
(senderallows to determine whicbontrol has called this handler, and the s
cond parametes] contairs additional information about the event.

6. Where are the statements from whichpghegram execution begifis

Any C# program begins by executing a start method, which by default is
namedMain In the WindowsFormstemplate, theMiainmethod is located in
the Program.cs file. This file is automatically generated and, like the
Forml.Designer.csfile, usually does not require editinlf. we load thePro-
gram.csfile into the editor, we can see that th&inmethod contains three
statements, the most importamthich is the last one:

Application . Rur{new Forni());

This statement creates an instance ofaplicationmain form (ofForm1
type) and starts aevent loopthat runs until the main form is closed. Closing
the main form exits the event loop and exits dipplication.
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4.2. Disconnecting a handler from an event

Add another button to the form (it will be namiegttonand make itg ext
property empty using theroperties window (Fig. 4.2).

o5 Bouncing buttons EI@
| Close ':l ]

Fig. 4.2. The final form of Form1 for the EVENTS project

In theForm1.csfile, at the beginning of thEormXiclass description (before
the publicForm1(¢onstructor), add the following description of the obyect

private Random r = new Random();

Define event handlers for tidouseDowandClickevents fotutton2
button2.MouseMove and button2.Click handlers
private void button2_MouseMove(object sender, MouseEventArgs e)
{

if (ModifierKeys == Keys.Control)

return ;

Il - if the Ctrl key is pressed,

// then exit the handler immediately

button2.Location =

new Point(r.Next(ClientRectangle Width - 5),
r.Next(ClientRectangle Height - 5);
}
private void button2_Click(object sender, EventArgs e)
{

button2.Text = "Change";
button2.MouseMove- = button2_MouseMove;
}

Result A fiwildo button with an emptyitte does not allow to click on itself
running away from the mouse cursor. In ordefime it, you need to move
the cursor to it while holding down the Citrl key. After clicking on the wiltt bu
ton, it is tamed: the titl€hange appears on it and it stopgnning away from
the mouse cursor. It should be noted that you can also tame a button using the
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keyboard by selecting the button with the Tab key (or arrow keys) and pressing
the spacebar.

The tamed button does nothing yet. This willdoerectedn Sedion 4.3.

Comments

1. This section demonstratesw to disconnect a handler method from an
event with which it was previouslgonnectedTo dothis, usethe operatr -=
with the required event othe left and ahandler that must be disconnected
from the evat on the right

2. To ensure a random movement of fiindd 6 button, the program uses an
objectr of Randontype (arandom numbegenerato}, which allows generating
evenly distributed pseud@andom numbers. To create and initialize an object
of Randontype, you can use tweoevsionsof the constructor: without paran
ters and withthe seedparameter ofntegertype. If theseedparameter is not
specified, then theandom number generatigrinitialized with a value derived
from the current time (according the computer clock). Random objects in
tialized with the sameeedvalues generate the same sequence of randam nu
bers.

To get a random number @fttype, theRandontlass provides thélext
method, which has threersions without parameters (returnsnamber in the
range from O tont.MaxValyaot includingint. MaxValjiewith onemaxparane-
ter (returns a number in the range from Ortax not includingmay and with
two parameterminandmax(returns a number in the rangento max not n-
cludingmax). Thebutton2_MouseMdandler uses aevsionof the Nextmeth-
od with one parameter. There is also MextDoublmethod without parae:
ters, which returns a random numberdoubletype lying in the haHlinterval
[0, 1).

3. In thebutton2_MouseMdwaedler, theClientWidthndClientHeiglptroper-
ties are usedThese properties of the form determthe width and height of
client areaof the form(recall that the clienareaof the form does not include
its title and frame). Subtracting the number 5 eesuhat thewild button is
alwaysvisible on the screen (at least partially).

4. Pay attention to how tHautton2_MouseMdandler checks whether the
Ctrl key is pressed. As mentioned in 8@t 4.1, additional information about
the occurred event is uglly passed to the handler using the second param
tere. For example, in théutton2_MouseMdvandler, this parameter (of the
MouseEventArgge) allows todetermine where the mouse cursor is currently
located propertiese.Xand e.Y of inttype) and whher any mouse button is
pressed froperty e.Buttonof MouseButtontype). But the parameter of
MouseEventArgge doesot contain information about the currently pressed
control keys However, such information can be obtained using the static
Modifideysproperty of theControtlass which isthe base ancestor of all uis
al controk. Using this property, you can determine whether the Ctrl, Alt, Shift
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keys are currently pressed, as well as any of their combinations. For example,
you can check if the @+Shift key combination is pressed using the following
condition (parentheses are required):

ModifierKeys == (Keys.Control | Keys.Shift)

5. Note that the fieldin the FormXclass is not only described, but alse in
tialized immediately (using thRandoneconstructor without parameter§yhen
Is this initialization performed? According to the rules of the C# language, e
plicitly specified initializationstatementgor all class fields are automatically
placed at the beginning ahyclass constructor. Thuthe fieldr will be initial-
ized at the beginning adhe Form& sonstructor execution (before executing
the InitializeCompon@statement specified in the constructor body). Of course,
we canact differently: describe the fieldbf Randontype withoutinitializing it
and then add to the constructor thi#alization statement:

private Random r;

public Form1()

{

r = new Random();
InitializeComponent ();

}

It should also be noted that tpevateaccess modifier (meaning that this
field is private, that is, it is available only for methods of tRermIclass) can
be omitted, becausé a class member does not have an access modifier, this
member is automatically supplied with tpavatemodifier. Nevertheless, we
will always specify access modifieras this makes the program code mare d
scriptive.

4.3. Connecting another handler to an event

In order for theftamed button to perfornrsomeactions when it is clicked,
we can add the required actions to the already exidtintpn2_ Clidkandler.
However, inthis case, the handler must check whether the buttéwiido or
ftamed. Let us do it differently:connectthe Clickevent for the tamed button
with anotherhandler. This approach will demonstrate a number of featsres a
sociated with conneiclg and disonnecing handlers.

Create a new handleramedbutton2_Clicknanuallyp without using the
Properties window. To do this, add a description of the new hanali¢he end
of the FormIclass description in thEorml.csfile (before the last two closing
curly braces }oji

private void button2_Click2(object sender, EventArgs e)
{
if (WindowState == FormWindowState Normal)
WindowState = FormWindowState Maximized;
else
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WindowState = FormWindowState.Normal;
}

Notice that all the lines are in baidl this listing. This means that you need
to typeall of its text.

Also add newstatementso thebutton2_Clickethod:

button2.Click - = button2_Click;
button2.Click += button2_Click2;

And add newstatement$o theForm1l MouseDomgathod

if (button2.Text != "
{

button2.Text ="";

button2.MouseMove += button2_MouseMove,;

button2.Click += button2_Click;

button2.Click  -= button2_Click2;

}

Recall thatif the place of addition is not specifiestatementsnust be ad-
ed to theendof the method

Result The tamed button now does useful work: clicking on it expands the
program window to full screen, and a new click restores the window to iis orig
nal statelf you click on the form r@ther tharany button), th&losebutton will
move to the mouse positioand the tamedChange button will becomewild
again, lose its title textand start running away from the mouse (seenCo
mentl).

Disadvantage During program execution, a situation may arise when one
or both buttons will not be displayed on the form (ify &xample, the buttons
were moved to a new location when the window was maximezetthenthe
window was returned to its original state).

Correction. Define an event handler for tis#zeChangexlent forForm1

Forml.SizeChanged handler
private void Form1l _SizeChanged(object sender, EventArgs e)
{
if (!ClientRectangle.IntersectsWith(button1.Bounds))
buttonl.Location = new Point(10, 10);
if (!ClientRectangle.IntersectsWith(button2.Bounds))
button 2. Location = new Point (10, 40);
}

Result_ Now, whenthe form is resized and its buttons are outside the client
area of the form, these buttons are moved to the explicit positions neg-the u
perleft corner of the form (see Comment 2).
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Comments

1. Thenew parts of thdutton2_ClidndForm1l MouseDomethals show
that it is not enough toonnecta new handler to an eveittjs also necessary to
disconnecthe old handler from the evengeveralhandlers can beonnected
to the same event (for this, it is enough to apply+#heperator to the event
severaltimes), although such an opportunity for events of viswaltrok is
rarely used. When you explicitgonnecthandlers to an event, you must ensure
that the same handler is nminnectedo the event multiple times, sincerco
necting a handler multiplenies usually results in hatd-find errors. This st
uation can be illustrated using our program by commenting out stegement
in theForm1_MouseDolandler:

Il'if (button2 Text I="")

If now, after starting the program, you click on the form sevarads and
then fitamed the button2then when youclick this buttonagain, the form will
switch from the expanded state to the standard one andbaekal timesThis
is becauseachclick on the form attaches reew instancef the button2_Click
handlerto the Clickevent ofbuttonzand when this button i€licked, eachin-
stance of the handler is exeedt The situation is further complicated by the
fact that it is impossiblén the progranto find outhow manyandwhich han-
dlers are currently connecteal the event (and without knowing this, it /e-i
possible to ensure that all handlers are disconnected from the event). So, the
explicit connecton the handler to the event, as well as its subsequentndisco
nection,requiresvery carefulprogramming

2. To dheck thecurrentposition of the fornmcontrok, readonly properties
of Rectangleype were usedClientRectangleturns a rectangle that defines the
client areaof the form (or visuaktontrol), Boundseturns a rectangle thae+d
fines the position of theisual controlon the form (or the form othe screen).
The Rectanglstructure has a number of properties (includirgationSize
Left Top WidthHeightRightBottohas well as several useful methods. Bor e
ample, thelntersectsWitimethod used ithe Form1l_SizeChangeethodlets
you check if the intersection of two rectangles is-eampty (our programye
amines the intersection of tl@dientRectanghé Formlwith the Boundsectan-
gle for each of two buttonsuttonlandbutton
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5. Forms: WINDOWS project

The WINDOWS project introduces the specifics of applications that use
multiple forms and demonstrates various ways to customize the appearance of
forms and how they are displayed on the scrééaysof interaction ofdifferent
forms of oneapplcation and, in particular, the problems associated with closing
nonmodal subordinate forms are considerédso we dscribe the settings for
dialogformsand methods for displaying standard didbaxes

5.1. Setting the visual properties of forms. Opening forms
in normal and modal mode

After creating theWINDOWS project, add two new forms to is€e Se-
tion 1.2); new formswill automatically be name#&#orm2and Form3 Place two
buttons(with standard namdsuttonlandbuttonfon Form1Set the properties of
al forms andcontrok (see alsd-ig. 5.1 5.3).

Properties

Forml: Text = Main WindowMaximizeBox = False,
FormBorderStyle = FixedSingle

Form2:Text = Subordinate window,
StartPosition = Manual ShowInTaskbar = False

Form3:Text = Dialog windowMaximi zeBox = False,
MinimizeBox = False, FormBorderStyle = FixedDialog,

StartPosition = CenterScreen, ShowInTaskbar = False
buttonl: Text =  Open subordinate window
button2: Text =  Open dialog window
g5 Main window = || B || 23
0 O 0
O Open subordinate window ul
[l ] C
| Open dialog window |

Fig. 5.1. The finaview of Form1

o=l Subordinate window E@I

Il ]

Fig. 5.2. Form2 athe initial stage of development
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Dialog window @

[ J

Fig. 5.3. Form3 at the initial stage of development

Add two field delarationsto the beginning of thEormXlass delaration
private Form2 form2 = new Form2();
private Form3 form3 = new Form3();
Add two statements to ¢hconstructor of thEormXklass
public Form1()
{
InitializeComponent ();
AddOwnedForm(form2);
AddOwnedForm(form3);
}
Define theShowrevent handler foFormland theClickeventshandlersfor
buttonlndbutton2
Forml1.Shown, buttonl.Click, button2.Click handlers
private void Form1_Shown(object sender, EventArgs e)

{ form2.Location = new Point(Right - 10, Bottom - 10);
Lrivate void button1_Click(object sender, EventArgs e)

{ form2.Show();

|};Jrivate void button2_Click(object sender, EventArgs e)

{ form3. ShowDialod);

}

Result The program contains three forms that demonstrate the main types
of windows inWindowsgraphical applications: fixedsize window(the Form1
class), avariable-sized windowithe Formzlass), and dialog window, or adia-
log box(the FormXlass). There are two buttons Barml(see Fig. 5.1)Form2
andForm3lo not yet contaicontrok. Formis themain form it is automatically
created when the application is launched and immediately displayed on the
screen. In additio, the main formcreates two forms namddrm2and form3



48

which areinstances of thd~orm2and Form3classes, &pectively (see Gn-
mentl).

Form2(a subordinate form) is called from the main form by clicking the
Open subordinate window button; this form is displayedin normal @on
moda) mode Form3s also a subordinate form; it is invoked by clicking the
Open dialog window button andis displayed inmodal (dialog) mode. The
modal modehas the following featuraef some form of the application is in this
mode, you cannot switch to other forms of the applicatiotil the modal form
is closed(although it is possible to switch to other running applicationsexio
the program, you need to close its main form.

The main formFormlhas fixed dimensions. Theilordinateform form2s
resizable; in additiorformZan be expanded to full screen. The visual properties
of form3orrespond to the standard properties of the dialogfoaxix3cannot be
resized and, moreover, only theadertext and a close buttoneadisplayed in
its title bar(see Fig5.3). See als@omment 2.

The position ofFormlon the scteems selected by the operating system,
form2is displayed near the loweight corner ofFormlwith a slight overlap;
form3s always displayed in the centdrthe screen (se@omment 3).

Error . After form2closing,a newattempt to reopen it results im &xce-
tion with the following messag&annot access a disposed objecthis is le-
causeclosing anonmodalform destrog it. Note thatif the form is operd Iin
dialog mode, then its destruction on closing does not ogourcan check this
by opening and closiniprm3several times.

Correction. Define an event handler for tik®rmClosirgyent forthe Form2
class:

Form2.FormClosing handler
private void Form 2_FormClosing(object sender,
FormClosingEventArgs e)

{
if (e.CloseReason == CloseReason.UserClosing)
{
e.Cancel = true;
Hide();
}
}

Result Now form2like form3can be reopened and closed many times du
ing program execution (s€&omment4).
Comments
1. Calling thefl.AddOwnedForm{®thod addshe form f2 to the list of
sulordinateforms of formfl In this case, in particular, tf@wnemproperty of
the formf2becomes equal td (note thatinstead of the indicated method call,
an asginmentf2.0wner = fhaybe used). The sabdinateform is always d-
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played on top of the main form, even if the main form is active. In addition,
when the main form is minimized or closed, its@ulnateforms are also mk
imized or, accordingly, closed.

2. By setting the&showInTaskbaroperty of aform to False button for tis
formis not displayed on thscreentaskbar. Thé&-=-ormBorderStyleoperty is e-
sponsible for the form border style, tMenimizeBashows or hides theini-
mize button Maximizeishows or hides themaximize buttonShowlcoshows
or hides thecon in the formtitle bar, ControlBoallows to hide altitle barele-
ments except the texdndHelpButtoallows to display a button with a question
mark (but only if both the minimize dtton and maximize button are hidden).
The FixedDialogorder style, unlike th&ixedSinglstyle, automatically hides
the icon in the forntitle bar.

3. The StartPositioproperty is responsible for the initial position of the
form on the screen this prgerty is equal by default to the
WindowsDefaultLocatialue (the position of the form is determined by tpe o
erating system). Tdocate the form in the center of the screen, set the
StartPositigoroperty equal t&€CenterScreemo explicitly determinethe starting
position using thé.ocatiomroperty of the form, th&tartPositigoroperty must
be set toManual(otherwise thelLocatiorproperty value is ignored). If the
StartPositigoroperty is not equal tManualthen the properties associated with
the form& position LocationLeft Top etc.) will only get correct valueshen
the form is first displayed on the screen. Bi®mwrevent is associated with the
first form display, so we define the initial position of the @ulnateform
forman the Showrevent handler for the main forkorm1when the position of
the main form on the screen is already knosae(thd=orm1_Shownethod.

4. TheFormClosingventbelongs taa group of events that occoeforethe
execution of an action and allow it to bencaled. The second parametey (
for handlers of such events has a mutakdmcefield, which should be set to
trueif you want to cancel the corresponding action. Hoem2_FormClosing
handler cancels the ciog of form2instead, it is simply remowis formfrom
the screen by thelidemethod (a similar result can be achieved by setting the
value of itsVisibleproperty tofals¢. The condition specified in the handldr a
lows you to determine what led to the attempt to close the form. This condition
will be truewhen an attempt to close the forsnmadeby any of the methods
available to the user of the program or whenGhmsemethod is called expt
itly. At the same time, if th€losemethod is automatically called at theom
ment of closing the mairofm, this condition will bealse which will allow to
close the sutrdinateform when the applicatioterminates

5.2. Checking the state of the subordinate form
Modify the button1_Clickethodas follows:
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private void buttonl_Click(object sender, EventArgs e )
{

form2.Visible = Iform2.Visible;
}

Define an event handler for tMesibleChangegent forForm2
Form2.VisibleChanged handler
private void Form2_VisibleChanged(object sender, EventArgs e)

{

Owner.Controls["button1"].Text = Visible ?

"Close subordinate window " :" Open subordinate window";
}

Result Now the text obuttonland the actions when it gdickeddepend on
whether the subordinaferm form2s displayed on the screen or not: if thé&su
ordinateformis visible on the screerthenit disappeardf it is not visible on the
screenthenit appearsNote that he subordinatéorm can be closed not only
with buttonlbut also in any standard way accepted in Windows (for example,
using the Al+F4 key combination)any method of closing theubordinate form
will change the title obuttonl

Comments

1. While the main form can simply refer tbe subordinate fornby its
nameform2 the subrdinateform cannot do this, since the name of the main
form is unknown to itThe main form of a WindowBormsapplication does
not have a name at all, sinttes formis createdoy the constructor call in the
parameter of thépplication.Rumethod(seeComment 6 inSection 4.1). Hwv-
ever, the sutrdinateform can refer to the main form usitige Ownepropety.
Moreover, using the€ontrolgollection property ofControlCollectitype, the
subordinateform can accesall the controls of its owner. The elements of the
Controlollection can be indexed either using numbers or using stringi keys
control names.So, inthe Form2_VisibleChangeethod we could specify the
number linstead of the string kelguttonlsince the forntontrok are nm-
bered in the ordemppositeto their placement on the form: in our casetton2
(last placed on the form) has mdex0, andbuttonhas an indes. Note that a
consequence of this way of numberowantrok is that placing a neaontrolon
the form changes the indicesaf controk previously placed on the form. For
this reason, rather than using numeric indices,pte$erable to use string keys
corresponding to the names of the requicedtrok. We will return to que
tions related to the order of placiogntrok on the form in the MOUSEroject
(see Section.1).

2. In theForm2_VisibleChangesthod, dernary ogeratar is used

condition ? expressionl : expression2

If the conditiors true, therexpression$ evaluated and returngd the can-
ditionis false, therexpression evaluated and returned. We emphasize that
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when performing a ternary operatenly the expression whose value will be
returned is evaluated. We used the ternary opebsicause it results in more
compact code than its equivaleiorm with the full ifi therielse conditional
statement:
if (Visible)
Owner Controls[*button1"].Text = "Close s ubordinate window";
else

Owner Controls["button1"].-Text = "Open subordinate window";

5.3. Controls adapting to fit the window

Place thdabellon Formzand set its properties (when tBeckand TextAlign
properties are set, graphic selectimxes appear orhe screenin each ofthese
box, you need to click on the central rectangular element)

Properties
labell: AutoSize = False,Dock = Fill ,TextAlign=  MiddleCenter
As a resultForm2will change its appearance, stsown in Fig. 5.4.

.= Subordinate window | [ |

labell

Fig. 5.4. The finaliew of Form2

Add the delarationof the countfield to the beginning of th&ormzclass

declaration
private int count;

Add newstatements$o theForm2_VisibleChangezthod

if (Visible)

labell.Text =" Number of window openings: " + (++count);

Result When the subordinate windotmorm3s resized, théabellon it is
resized so that it occupies the cli@néaof the window. The label text contains
information about how many times the suthinatewindow has been opened.

Comments

1. When usinghe incrementoperata of the form++i(a prefix version of
the operatg, the value of the variables firstly increased by 1 and then this
variable is used in the expression. For plostfixoperato i++ the actions are
performed in the reverse order: first, iingial value ofi is used in the expse
sion and then this value is increased by 1. The prefix and postfix versions of
thedecrement operatdoehave in the same way.

2. Note that you do not need to call theStringnethod to convert theun
meric valuet++coutto its string representation, because, according to C# rules,
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if one of the operands of theoperator is a string, then tH@Stringnethod is
automatically called for the other operand. Note,tixdten forming strings
from several elements, you cas@use thé&-ormatethod of thestringclassor
the interpolated stringmstead of the + opemat (seeComments 4 and 7 in
Section 2.2 andComment 1 in Sectiof.1).

5.4. Modal and non-modal buttons of the dialog window

Place two labelslgbellandlabel®, two text boes (textBoxhnd textBoxy
and two buttonsbuttonland button on Form3 Set the properties of the added
controk, as well as the properties of fherm3

Properties

Form3: AcceptButton = buttonl, CancelButton = button3
label 1. Text = Main window title:

label 2: Text = Subordinate window title:

textBox 1: Text = Main window

textBox 2: Text = Subordinate window

buttonl: Text= OKDialogResult=  OK

button2: Text =  Apply

button3: Text =  Cancel

When setting the relative position obntrok on the fom (see Fig. 5.5),
you should start with theext boyxesand then align the associated labels to these
text boes

Dialog window @
o i S
- Main window title: : Main window
Subordinate window title: Subordinate window
[ OK l | Apply | | Cancel

Fig. 5.5. The finaview of Form3

Definethe Clickevent handler fobuttonZ2ocatedon Form3
button2.Click handler (for Form3 button)
int ernal void button2_Click(object sender, EventArgs e)
/[ access modifier changed to internal
{
Owner.Text = textBox1.Text;
Owner.OwnedForms[0].Text = textBox2.Text;

}

Definethe Clickevent handler fobutton2ocatedon Formi
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button2.Click handler (for Form1 button)
private void button2_Click(object sender, EventArgs e)
{
if (form3.ShowDialog() == DialogResult.OK)
/- checking which button closed the dialog window
form3.button2_Click(this, EventArgs.Empty);
}

Result The Form3dialog window allows you to change the titles of the
main and subrdinatewindows. The window titles are changed either bykelic
ing thenon-modal Apply button or by clicking the mod&K button (in the &
ter case, the dialogindow is closed). The window is also closeden you
click the modal Cancel button; in this case, the window titles are not changed.
Instead of theDK button, you can press thenter key instead of theCancel
button you can press thiesckey.

Comments

1. If you want the dialog to close when the toutis clicked, you musted
fine the button asnodal by setting itsDialogResuttroperty to a value other
thanNongthe default value). Note thathen you set th€ancelButtgroperty
for a form, the button specified in this property (in our casétm3 automai-
cally receives théDialogReswalue equal taCancelThe form itself also has
aDialogResufiroperty; if the form is open in dialog modden setting its
DialogResutiroperty to a value other thdtoneimmediately closes the form,
and theresultingDialogResulalue is returned by th8howDialofynction that
displayed the form on the screen. When a modal buttolicised the value of
its DialogResutroperty is assigned to the form property of the same name.
When opening a form in nemodal mode, the above mechanism does not
work.

2. To access th&extproperty ofForm2from Form3we usethe fact that
these forms have a common owner, which stores the list of its subordinate
forms (in the order of their connection) in tBevnedFornm@operty of Form[
type. Unlike theControlgollection property (see Section 5.2), tBernedForms
property, being an ordinary array, allows only integer indexing.

3. An explicit call of thébutton2_Clickethod of thdcormZlass in théou-
ton2_Clickandle of the FormXlass provides the execution of the action®-ass
ciated with clicking theApply button (thus, this calfisimulates clicking the
button). When calling this methothe value namedhis(that is,the Formlin-
stance itself) is traditionally speified as the first parameter, andthe
EventArgs.Emptglueis specified ashe secongharameterinstead, you could
have specified the constamilltwice, since the parameten$ the button2_Click
method of thé~ormzZlass are not used. In our book, wil use nullinstead of
EventArgs.Empoyreduce the size of prograsade
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To be able to call théutton2_ Cliakethod of theFormZ2class from the
Formiclass, theaccess modifiefor this method must be changeditdernal
(the internamodifier provides free access to the class member within thda-crea
ed project). It would be possible to specify pheolianodifier, which provides
free access to a class member framy project. This is usually done whee-d
veloping projects that arelass libraries as aresult of compiling such projects,
not executable files are created, but files with.ttleextension.

5.5. Setting the active form control

Define a handler for th€isibleChangegent forForm3
Form3.VisibleChanged handler
private void Form3_VisibleChanged( object sender, EventArgs e)
{
if (Visible)
ActiveControl = textBox1,;

}

Result No matter whichcontrol of the dialogwindow was active when it
was closed, the next time the window is openedtektBox1s always active.
Thus, the dialogvindow is dways displayedn the same initial statdt is desi-
able to provide such behavior fdr dialogwindows

5.6. Request for confirmation of closing the form

Modify the Form2_FormClosing methas follows:
private void Form2_FormClosing(object sender,
FormCbsingEventArgs e)

{
if (e CloseReason == CloseReason.UserClosing)
{
e Cancel = true;
if (MessageBaxShoW' Close subordinate window ?",
" Confirmation ", MessageBoxButtonsYesNo
MessageBoxlconQuestion,
MessageBoxDefaultButtorButton2) == DialogResult.Yes)
Hide();
}
}

Result Before closing the subordinate winddarm2in one of the ways
provided in the Windows system, a confirmation request for closing is displayed
in the standardonfirmation dialog box (Fig. 5.6)If you select Nothey J Is
button,which is the default), thevindow closing action will beanceled. When
you close the main window, the open subnatewindow is closed without
prompting.
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Remark 1. Since the program was launched in the Windows operaysig
tem with Russian localization, the dialog box uses Russian titles for standard
buttonsy dYes),y 4 &No),[ Is d3j (Gadcel), etc

Confirmation G

O Close subordinate window?

Fig. 5.6. Confirmatiordialog box

Disadvantage 1 When you seleqt Yes) in the dialog box, the swindi-
natewindow is dosed, but the main window does not become active.

This is due to the fact that the owner of MessageBakalog box is the
form that was currently active on the screen (in our case, the active form is
form2, and this form should be activated when MessageBosialog boxis
closed. However, if you select Ydsrmds closed and therefore cannot dud-
vated In such a situation, no window on the screen will be active.

Correction. In theForm2_FormClosimgthod, replace thlide()statement
with the bllowing block statement:

{

Hide();

Owner Activate();
}

Remark 2. Anotherway to correct this disadvantege to explicitly specify
the ownerof the MessageBax an additional parameter, which should be the
first in the parameter list. For example,uycanuse theOwneproperty ofform2
as this parameter. In this case, if you select Yes, the main form will be succes
fully activated. However, the same form will be activated when the No option is
selected (when the sotulinateform remains on the scregerwhich does not
seem quite natural.

Disadvantage 2 When you close the saldinatewindow by clicking on
buttonlof the main window, the confirmation request for closing is net di
played.

This happens becaysgehen thebuttonl_Clidlandler is executedhe Close
method of the subordinate form is not called (the form simply changesiits vis
bility mode) therefore the handler associated with tBéosesventof the subo
dinate form is not executed either.

Correction. Change théuttonl_Clickethod of thd-ormXlassas follows:

private void buttonl1_Click(object sender, EventArgs e)

{
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if (form2.Visible)
form2.Close();
else
form2.Show();
}

Comments

1. In the Form2_FormClosimgethod we use the version of the
MessageB@&howmethod, which allows$o specify the request text, the title of
the dialog box a set of buttons for this window, an icon in the window, and
adefault button. Any parameter other than the first caarbgted in this case,
all parameters following it must amitted too If the second parameter is-a
sent, then the window title is empty the third parameter is absernthen the
only OK button is displayed in the window the fourthparameter is absent
thenthe icon is not displayed in the windpw the fifth parameter isabsent
thenthe default button is the firsihe

2. There is also a method in the .NET library that allows you to display
adialog box forinput string information: this is thénputBoxnethod of thdn-
teractiorlass. Keep in mind, however, that thégactiorclass is defined in the
Microsoft.VisualBasaanespace, and the corresponding library is not automat
cally linked to C# projects. Tiink this library, do the following: rightlick on
the Referencedtem in the Solution Explorer window, select ta Add Refer-
ence...command from the context menselect theAssembliesgroupin the
Reference Managerwindow that appearghenselectthe checkboxearthe
Microsoft.VisualBasic item in thelist of all assembligsandfinally click OK.

To be able to usthe short name of thieteractionlass (without specifying its
namespace)ou shouldadd thefollowing directiveat the beginning of thes
file:

using MicrosoftVisualBasic;

The InputBoxnethod has five required parametdPsomp{prompt string),
Title (title string), DefaultRespongdefault response stringXPos and YPos
(screen coordinates of the upjeit corner of the window). To center theadi
log box horizontally and/or vertically, the corresponding paramet&og
and/orYPo$ must be set equ#n i 1. The method returns theput string if the
dialogbox was closed with th®K button or an empty string if th@ncelbut-
ton was used to close tdealogbox

As for standard dialog boxes, in the dialog box created byirtteza-
tion.InputBaxethal, the language of the operating system is used for the titles
of the buttons (for example, for the Russian version of Windows, the tigle
dz3J deQised for the cancel button); the only exception is theQéxt
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6. Sharing event handlers and working with keyboard:
CALC project

The CALC project introducea technique for the connection of an event
handler to multiplecontrok. It also demortgates how to use thEryParseneth-
od to handle input errors and discusses various options for speedthg kay-
board use (default buttortspt keys and using th&eyPressvent).

6.1. Event handler for multiple controls

After creating the CALC project, pladwotext boes, twolabels, and five
buttons onForm1Iin order to reduce the size of the first four buttons in the same
way (see Fig. 6.1), after placing these buttons on the form, select them-(for e
ample, enclosing them with a dotted frame) and resmeof themthe size of
the remainingelecteduttons will change automatically.

o5 Calculator EI@

e s

Fig. 6.1.The view ofForm1 at the initial stage of development
Set the properties of the form aalladdedcontrok as follows:

Properties
Forml: Text = Calculator ,Max imizeBox = False,
FormBorderStyle = FixedSingle , StartPosition = CenterScreen

textBox1: Text= O
textBox2: Text= O
labell: Text= +
label2: Text= =
button 1. Text = +
button2: Text= -
button3: Text= X
button4: Text= [/
button5: Text= =
Definethe Cickevent handler fobuttonl
buttonl1.Click event handler
private void buttonl1_Click(object sender, EventArgs e)

{
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labell.Text = (sender as Button).Text;
}

After definition of thebuttonl Clidkandler, connect tb theClickevent of
button2button3and button4To do this, select thEvents mode in theProper-
tieswindow and for each of these buttoygo to the line with th€lickevent and
selectthe name of théuttonl_Clidlandler from the droplown list (fou should
not doubleclick on thetextbox). Note that yu canmake connection witlall
three buttons at once; to do this, you must ®edect all these buttons on the
form.

Result Pressing any button with the operatisign (+, T, X, /) causes this
operation to be displayed labellbetweentextBoxandtextBox2

Let us emphasize thaine common handler was definddr all four bu-
tons This is possible due to the use of Hendeparameter in théuttonl Click
handler methodthis parameter contains a reference todetrol that invokel
the handlerThe asoperabr converts thesendeparameter (obbjectype) to the
Buttortype (if this is not done, a compilation error will occur, since dhgct
class does not havke Textproperty).

6.2. Calculations with control of the correctness
of the input data
Definethe Clickevent handler fobutton5
button5.Click handler
private void button5_Click(object sender, EventArgs e)

{
double x =0,
x1 = double. Parse(textBox1.Text),
x2 = double. Parse(textBox2.Text);
switch (labell.Text[0])

{
case '+"
X = x1 + x2; break;
case' -"
x=Xx1 - x2;break;
case 'X':
X = X1 * x2; break;
case /"
X = X1/ x2; break;
}
label2Text="="+ x;

}
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Result When the = button islicked, the specified express is evaluated
and displayed on the screen [@bel2 Note that he number O can be specified
as the second operand toe divisionoperation when divided by 0, the result is
T Infinity or Infinity (depending on the sign of the first nonzero operatid).
both operands ai® then the resuldf divisionis NaN (not a number)Special
valuesof doubleype are discussed ifomment 2 Sedion 3.1. See als&Com-
ment 1.

Disadvantage If one of thetext boxes does not contain text or this text
cannot be convéed to a number (for examplabc), thenclicking the = button
throwsan exception. If the program is launched inBreoug mode (by pressing
the F5 key), then its execution will be interrupted, andstaeementhat caused
the error will be highlighteih the editor of the Visugbtudioenvironment. Ps-
sible actions in this situation are described in detail iri@e3.1.

Correction. Change théutton5_Clickethodas follows:

private void button5_Click(object sender, EventArgs e)
{
double x =0, x1, x2;
if ('double. TryParse(textBox1.Text, out x1) ||
Idouble.TryParse(textBox2.Text, out x2))

{
label2.Text = "= ERROR";
return;
}
switch (labell.Text[0])
{
case '+"
X = X1 + x2; break;
case' -"
X =X1 - x2:;break;
case 'X':
X = X1 * x2; break;
case /"
X = x1 / x2; break;
}
label2Text ="=" + x;

}
Result Now, when trying to evaluate an expression with invalid operands,

the textERROR is displayedn label2this does not interrupt theqgram ex-
cution, and the error message window does not appeat¢sement 2).
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Comments

1. To convert strings to real numbersandx2, the first version of théu-
ton5_ Clicknethod used th&arsemethod for thedoubletype (see als@om-
mentl in SectiorB.1). To convert the resulting numbeto its string represe
tation,we do not need to call thEoStringnethod, since thevariable is used in
the expressiori=" + xwhich automatically performs the required conversion
(seeComment 2 in Section 5.3).

2. Tocorrectthe noteddisadvantagewe used th&ryParsenethod, which,
unlike theParsemethod, never throws an exception. ThgParsenethod for
the doubletype returndrueif the string contains the correct representation of
areal number andalseotherwise. The result of converting the string to a real
number is returned in the secoodiputparameter. Note thah C#, output p-
rameters must be supplied with the speaiamodifier when calling a method.

6.3. The simplest techniques to speed up work using keyboard

Set the properties of the form and buttoontrok as follows (see also
Fig. 6.2).

Properties

Formi. AcceptButton = button 5

buttonl: Text= &+

button2: Text = &K

button3: Text =  &x

buttond: Text= &/

button 5: Text = &=

o' Calculator E@

0o o+ 0 =

] (e (] ) e ]

Fig. 6.2. The finalview of Form1

Result The = htton that is, buttonp becomes thalefault button the
equivalent ofclicking it is pressing the Enter key (the button is surrounded by
athicker blue border by default). Symbols indicated on buttonsuaréerlined
this is anindication that ashortcutkey Alt+underlined characters associated
with each buttonShortcutkeys are the special case of thecatiedhot keygor
hotkey$, which are intended for quick performing user actions. A special feature
of shortcut keys ishat they are associated with some vistaitrol (or menu
item) and speed up access to tositrol (menu item), while a hotkey canrpe
form an action that is not necessarily associated withcangrolor menu item.

But often the nodntoast iheyo kaeaye anad fis
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Remark. It is possible that after starting the program, the symbols associa
ed with theshortcutkeysarenotunderlined. In this case, press the Alt key.

Error . After clicking any button with an arithmetic operatioa] sub®-
guent calculations return the value 0O (since the first charactabelfis now &,
which isnot provided in thewitclstatement).

Correction. Change thestatemenin thebuttonl_Clickethod as follows:

labell.Text = (sender as Button).Text [1] ToString() ;

This correctioncauses only theecondcharacteiof the button titlgthat is,
the character with index 1) to be copied ifgbel. Since C# does not explicitly
converta character expression tiwe stringtype, the resulting character must b
converted to string using tAeStringnethod.

6.4. Using a keyboard event handler

Using the Properties window, set theKeyPreviewroperty of Formlto
True. Define an event handler for tKeyPressvent forForm1
Forml.KeyPress handler
private void Form1l_ KeyPress(object sender, KeyPressEventArgs e)

{

char ¢ = eKeyChar;

switch (c)
{
case '+"
buttonl_Click(buttonl, null); break;
case' "
button1_Click(button2, null); break;
case ‘X'
case ™"
buttonl_Click(button3 , null); break;
case '/"
button1_Click(button4, null); break;
}
e.Handled =! (char.IsDigit(c) || c ==". ||
c=="-"|lc=="\DbY),

}
Result To selectany operationyou canpress the corresponding key (since

the il 0 key is used wheimput negative numbers, the combination SHifti6
corresponding to thanderscore charactes selected as an accelerator lhoi-
ton3. Wheninput numbers, all keys are ignored except for numb@rms, i ., 0
and BackspaceYou can use théd escape sequea in C# to denote the chara
ter generated by the Backspace key; pressing this key deletes the character on
the left from the cursor in the actitext box See als@Comments 12.
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Disadvantage TheForm1l_ KeyPrelsandler assumes that the decimalasep
ratoris adecimal point while other decimal separators may be used in some |
cales on the Windows operating system (for exangaeymais used as the de
imal separator for Windows with Russian localization).

Correction. Change the last statement of therm1l &yPressnethodas
follows:

eHandled =! (charlsDigit(c) || c==""f

c == Application.CurrentCulture
. NumberFormat.NumberDecimalSeparator[0] ||
C::'_'”C::' \'bY);

Result The decimal separator now correspstalthe current Windas re-
gional settings. To test this feature, you just need to temporarily change-the r
gional settings in thRegional and Language Optionsection of thaVindows
Control Panel. See als€Comment 3.

Comments

1. In order for keyboard events to be processethbyform first, set the
formG KeyPrevieproperty toTrue. If this is not done, then the keyboard event
Is immediately processed by the actoantrot thus, this event does not reach
the form and, accordingly, imnhdledoes no

2. If thee.Handledalue is set tdruein the keyboard handler, then thercu
rent keyboard event will be consideragdhandled and will not be passed to
other active controk. So, in our case, the form intercepts and procestes
characters, exceédor numeric charactergjecimal separatorfiminu® si gn,
and\b.

3. TheCurrentCultupropertyof the Applicationbjectallows to get info-
mation about the locale settings used by the program, in particular, almeut nu
ber formats. This property hasthe Culturelnfaype defined in theSys-
tem.GlobalizatinamespaceBy default, the program uses the regional settings
of the operating system. The indg®] must be specified because the
NumberDecimalSeparatoperty has thestringtype, which is not assigment
compatible with the character type. ThieimberDecimalSeparataperty is
readonly, but you can change tl&urrentCultupgoperty as a whole (see the
comment in Sectioi.1).

6.5. Control over changes to the input data

Modify the buttonl_Clickethod
private void buttonl1_Click(object sender, EventArgs e)

{
labell.Text = (sender as Button).Text[1].ToString();

label2 Text = "=";

}
Definethe TextChangesl/ent handler for theextBoxtontrot
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textBox1.TextChanged handler
private void textBox1 TextCha nged(object sender, EventArgs e)

{
label2.Text = "=";

}

Connectthe resultingtextBox1 TextChandshdler to theTextChanged
event of theextBox2ontrol

Result If you change tharithmeticoperation or the content téxt boxes
the result of the mvious calculation is erasethis is an important feature that
preventsnconsistencies the displayed data. In its absence, a situationss po
sible when, for example, after performing calculations of the form+3
(with the result 5), the user wilhange the first operand to 2, receiving the text
2 + 2 = 50n the screen.
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7. Working with date and time: CLOCK project

The CLOCK project focuses on classes related to date and time (the
DateTimeTimeSpaglasses and the nesual Timercontrol). Two gotions for
implementing a stopwatch are consideractions are described that ensure the
display of the clock and stopwatch on the taskbar when the application window
IS minimized.

7.1. Displaying the current time on the form

After creating the CLOCK projecgdd labellto Formlas well as a nen
visual control of Timeitype (this controlwill be namedimerland will be placed
below the form, in the area of nemsual controk). Set the properties of the form
and the addedontrok as follows:

Properties
Forml: Text = Clock, MaximizeBox= False,
FormBorderStyle = FixedSingle , StartPosition = CenterScreen

labell: Text = 00:00:00 AMAutoSize = True,
TextAlign = MiddleCenter, BorderStyle =  Fixed3D,
FontName = Arial ,FontSize = 60
timerl:Enabled = True, Interval = 1000
When setting the properties ta#bell notice itsFontproperty, which also
has a set of properties, two of whi®tameandSize need to be changed (ihe
listing abovethese properties use dot notatiéimnt. Namand Font.SiZe Adjust
the position ofabelln accordance with Fig.1.

o2 Clock E=8 BOE ==

Cl 0

-00:00:00 AM -

0

m
[}

Fig. 7.1. Form1 view at the initial stage of development

Define an event handler for tAeckevent for thegimerlcontrot
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timerl.Tick handler
private void timerl_Tick(object sender, EventArgs e)

{
labell.Text = DateTime.Now.ToLongTimeString();

}

Result When the program is running, the current time is displayed in its
window.

Disadvantage During the first second after starting the program, the-orig
nal text isdisplayed m the program window, sindle Tickevent occurs for the
first time only after thdimerl.Intervime interval, which is 100@h our case
(the time is specified in milliseconds).

Correction. Connecthetimerl_Clidkandler to thé.oadevent ofForml

Result Now thetimerl_ Cliakethod is executed for the first time jus-b
fore the form is displayed on the screen, so the correct time is immediately di
played in the window.

Comment

The .NET Framework class library provide®ateTimstructure for waok-
ing with date and time. Itdatic readonly propertynamedNowreturns the cu
rent date and time (based on the comgsteystem clock). Only the current
date (time corresponds to midnight) can be obtained using ddaystatic
property. The following methods of tlizateTimstructue can be used to e
vert date/time to their standard string representations:

1 ToShortDateStrindate in short formafd), for exampleP1/27/1756

1 ToLongDateStrihgate inlong format(D), TuesdayJanuary 27, 1756

1 ToShortTimeStringme in stort format(t), 255AM

1 ToLongTimeStringme inlong format(T), 2:55:15AM

The ToStringnethod without parameters returns the date/timé& format
(date in short format, time long formaj. The date/time display format can be
explicitly specifi@ in the ToStringnethod. For example, in our program, we
could use this optiorDateTime.Now.ToString("T")

Let us mention some more date/time format$: date and time in short
format, Fi date and time itong format,fi date inlong format, time in bort
format,Mor mi format"month, dayY oryi format"month, year"

When formatting dates, the current locale is used (in our vasesethe
settings folUS English, although there is an overloaded version offtb8tring
method in which you canxglicitly specify the required locale. You can also
changeall regional setting for the application; @6 enough to set aew value
for the Application.CurrentCulpwroperty (we used this property earlier incSe
tion 64 to get information about the cemt regional settings). For example,
you can use th®llowing statemento set theRussiarregional settings for an
application
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Application CurrentCulture =
new System Globalization Culturelnfo(" ru- RU);
Note that the settings ft4S Englishare namd enUS

7.2. Implementation of the stopwatch capabilities

Place acheckboxcontrolof CheckBotype (it will be namedheckBojland
two buttons lhuttonlandbuttonon Formland set their properties follows:
Properties
checkBoxX: Text = Stop&watch
buttonl:Text = &Start/Stop ,Enabled = False
button2: Text = &ResetEnabled = False
Adjust the position of the addedntrok in accordance with Fid.2.

o5 Clock = || =] &3
! 0

-00:00:00 AM

[ o (]

]

'
!

Stopwatch | Start/Stop || Beset |

Fig. 7.2. The finalview of Form1 for the CLOCK project

Add the declaration of the field nametb theFormiclass delaration
private int t;

Add newstatement$o the top of theimerl Tiakethod
private void timerl_Tick(object sender, EventArgs e)

{
if (checkBox1.Checked)

{

t++;

labell.Text = string.Format("Time: {0}{1}", t/10,t% 10);
}
else
labellText = DateTime Now.ToLongTimeString();
}
Define the CheckedChangedent handler focheckBoxand Clickevent
handlers fobuttonlandbutton2
checkBox1.CheckedChanged, buttonl.Click, button2.Click handlers
private void checkBox1 Ch eckedChanged(object sender, EventArgs e)
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{
if (checkBox1.Checked)
{
t= -1;
timerl.Interval = 100;
}
else

timerl.Interval = 1000;
timerl_Tick(this, null);
buttonl.Enabled = button2.Enabled = checkBox1.Checked;
timerl.Enabled =tru e;

}
private void buttonl Click(object sender, EventArgs e)
{
timerl.Enabled = !timerl.Enabled;
}
private void button2_Click(object sender, EventArgs e)
{
timerl.Enabled = false;
t=0;
labell.Text = "Time: 0:0";
}

Result When theStopwatch checklox is set to thé 00 state, the program
switches to the stopwatch mode and the stopwatch starts immediately displaying
seconds and tenths of seconds on the screen. The stopmatdiestarted and
stopped byclicking the Start/Stop button, the stopwatcimay bereset byclick-
ing the Resetbutton. Hot keys are available: AlW (change the clock/step
watch mode), Alt+S (start/stop the stopwatch), Alt+R (reset the stopwatch).

Error . The stopwatch shows not quite correct data. We can verify this by
not stoppinghe stopwatch for some time (while performing other actions on the
computer) and then comparing the result with the exact time. The reason is that
the Tickevent occursipproximatelyevery 100ms; in addition, th&ickevent @-
curs only when there ar other events that need to be processed by the pr
gram. If the program executes some method for a long time, then the stopwatch
value will not be updateduring this timeand then its workvill continue from
the previous valudg-or the correct implementaticof the stopwatch, we need to
bind it to thecomputer clocKusing theNowmethod).

Correction. Changdghe FormXklass delaration:

private DateTime startTime, pauseTime;
private TimeSpan pauseSpan;
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The purpose of the added fields is asolwk: thestartTiméeld contains the
start time of the stopwatch; tipauseTimeeld contains the time of the last stop
of the stopwatch, th@auseSpafield contains the total duration of all stops
made since the initial start.

Modify the timerl_Ti¢clcheckBox1 CheckedChanigetionl Cliclkand bu-
ton2_Clickethods

private void timerl_ Tick(object sender, EventArgs e)

{
if (checkBox1.Checked)
{
bk
TimeSpan s = DateTime.Now- startTime - pauseSpan;
labell.Text = string.Format("Time: {0}{1}",
s.Minutes * 60 + s.Seconds, s.Milliseconds / 100);
}
else
labell.Text = DateTime Now.ToLongTimeString();
}

private void checkBox1 CheckedChanged(object sender, EventA rgs e)
{
if (checkBox1.Checked)

{
t=——>5%
timerlInterval = 100:;
startTime = DateTime.Now;
pauseSpan = TimeSpan.Zero;

}
else
timerllinterval = 1000;
timerl_Tick(this, null);
buttonl Enabled = button2 Enabled = checkBox1.Chec ked;
timerl Enabled = true;

}

private void buttonl1_Click(object sender, EventArgs e)

{

timerl Enabled = !timerl Enabled;
if (timer1.Enabled)

pauseSpan += DateTime.Now pauseTime;
else

pauseTime = DateTime.Now;
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}
private void button2_Click(  object sender, EventArgs e)
{

timerlEnabled = false;

t=0:

labell.Text = "Time: 00";
pauseTime = startTime;
pauseSpan = TimeSpan.Zero;

Comment

The TimeSpastructure is used to storelative time intervals. Time inte
vals are measured inyig hours, minutes, seconds, and millisecotalget the
value of each of thesmntrok, you can use the corresponding properties of the
TimeSparstructure:Day Houy Minute SecongdMilliseconéhote that the same
properties are also available for thateTimstructure; in addition, this sttu
ture has propertiegearandMonti The easiest way to set the time span to zero
Is to use the readnly TimeSpan.Zefield. Both DateTimand TimeSpastruc-
tures also have reamhly fields that define their snilast and largest possible
values:MinValuandMaxValue

Addition and subtraction operations are defineddateTimand TimeSpan
structures as follows:

1 the sum or difference dfimeSpawaluesis of TimeSpatype;

1 the sum or difference ddateTimand TimeSpanalues (in that orek) is
of DateTimg/pe

1 the difference between valuesthe DateTimgypeis of TimeSpatype

1 you cannotaddtwo DateTimgalues.

Since negative values are allowed for timiervals a unary minus opar
tor is al defined for th&imeSpastructure.

The easiest way to credbateTimand TimeSpanbjects with theequired
valuesis to use one of the provided constructors. The parameterless constructor
returns the minimum date f@ateTimémidnight on January 1, A.D.), and
azerotime intervalfor TimeSpan

In othe versions of theDateTimeonstructor, you must specify the year,
month, day (and you can additionally specify the time in hours, minutes, and
seconds). The time specified in thateTimeonstructorcan be complemented
with the number of milliseconds.

TimeSpanonstructors need to specify the hour, minute, and second; as an
additional initial parameter, you can specify the number of days. If the
TimeSpagonstructor specifies a number of days, tiea can specify anm
tional final parameter, the number of milliseconds.
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7.3. Alternative options for executing commands
using the mouse

Define an event handler for thdouseDowavent forlabell
labell.MouseDown handler
private void labell MouseDown(object se nder, MouseEventArgs e)
{
if (e.Clicks == 2)
checkBox1.Checked = IcheckBox1.Checked:;
else
{
if ('button1.Enabled)
return;
if (e.Button == MouseButtons.Left)
button1_Click(this, null);
else
if (e.Button == MouseButto ns.Right)
button2_Click(this, null);

}
}

Result Doubleclicking any mouse button dabel changes the clock/step
watch mode, single leftlicking in stopwatch mode starts or stops thepsto
watch, single rightlicking resets the stopwatch.

Comments

1. Wecancombine the actions fasingle and doublemouse clicks in one
handler due to the presence of t@écksproperty in the parametex (of
MouseEventArygpe), which can take the value 1 or 2.

2. When associating some actions with single andldoclicks, it should
be taken into accounthat when performing a double click, the system first
registers a single click (at which tiMouseDowavent occurs withe.Clicks
equal tol, then theClickeventoccurs thenMouseUpvent occursvith e.Clicks
equal to 1), and only then, after the second mouse click, if the time interval b
tween clicks was short enough, a double click is registered (at which
MouseDowrvent occws with e.Clicksequal to 2, thenDoubleClickthen
MouseUpwith e.Clickequal to 2. Therefore, it isrery importanthat the action
performed on a single clickoes not conflictvith the action associated with
adouble click. In our program everything is fine: although actions are provided
for both single and doubldick in the stopwich modethe action with a single
click (start, or stop, or reset the stopwatch) does not in any way conflict with
the action associated with a doublek (changingthe clock/stopwatchmode).
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7.4. Displaying the current status of the clock and stopwatch
on the taskbar

Add a new statement tonerl_Tiakethod:

Text = WindowState == FormWindowState Minimized ?

labell.Text : "Clock";

Result If you minimize the CLOCK application window, then its button
located on thaVindows taskbar will display, depending dhe mode, the au
rent time or stopwatch data. If the application window is in its normal state, then
the application button displays tl@&ock text that coincides with the window
title.

Disadvantage If you minimize the window while the stopwatch is stegp
the text of the application button will not change.

Correction. Definethe Resizeevent handler foForm1

Forml.Resize handler
private void Form1_Resize(object sender, EventArgs e)

{

Text = WindowState == FormWindowState Minimized ?

labell.Text :"Clock™
}

Result Now the text on the application buttémcated on the Windows
taskbaris correctly adjusted in any situation, since Resizeevent occurs not
only when the form is resized, but also when it is minimized and returned to its
normal stée.
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8. Text input: TEXTBOXES project

The TEXTBOXES project demonstrates fieatures otontrok for text n-
put (TextBoxontrok). We also consider issues relatectaotrol activation, as
well as ways tdhandleerroneous data at the level of a sefetext boxand the
form as a wholeA mechanism for generating error messages based on the use
of theErrorProvideontrolis described.

8.1. Additional highlighting of the active text box

After creating the TEXTBOXES project, place fext boxes (textBoxi
textBox)2on Formland set the properties of the form and the addedrok:

Properties
Forml: Text = TextBoxes MaximizeBox= False,
FormBorderStyle = FixedSingle , StartPosition = CenterScreen

textBox1-textBox 12: Text = Data
Text boxes should be plaa on the formrow by row from left to right:
textBox1I textBox3n the first row,textBox4 textBoxén the second row, etc.
(see Fig. 8.1).

-’ TextBoxes E=8EoR =%
@Data 0 Data Data
Data Data Data
Data Data Data
Data Data Data

Fig. 8.1. Form1 view at the initial stage of development

To assign the samata value to theTextproperty ofall text boyes it is
enough to select allontrok and then set this value using tPperties win-
dow.
Define theEnterandLeaveevent handlers faextBox1
textBox1.Enter and textBox1.Leave handlers
private void textBox1_Enter(object sender, EventArg se)
{

TextBox tb = sender as TextBox;

tb.ForeColor = Color.White;
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tb.BackColor = Color.Green;

}

private void textBox1_Leave(object sender, EventArgs e)
{

TextBox tb = sender as TextBox;

tb.ForeColor = SystemColors.WindowText;

tb.BackColor = Sy stemColors.Window;

}

Connectthe createdhandlers to th&nterand Leaveevents of allother tex
boxes(see Section 6.1 for how tonnecthandlersto multiple controk). To
connectthe created handlers simultaneousdyall the remainingtext boyes
(texBox2 textBox1)2you must first seledll of them.

Result When anytext boxreceives focus (that is, when ttext boxis ac-
tivatedi seeComment 1), its background amoreground colorghange; if b-
cus is lost, thenitial color setting is restored.

Disadvantage When receiving focus, the text of thext boxis highlighted
(as arule, it is displayed in white on a blue background); thus, tHealedpart
of thetext box(highlighted characters) is colored blue and the #igirtidone is
green, whicHooksbad

Correction. Add newstatements$o the constructor of theormXlass

public Form1()
{

InitializeComponent ();

for (inti=1;i<=12;i++)

{

TextBox tb = Controls["textBox" + i] as TextBox;
tb.Select(tb.Text.Length, 0);

}
}

Reallt. Now, when receiving focus, the text in ttext boxis not selected
andthe keyboard cursor(aref), which looks like a vertical line, is locatett a
ter the last character of the text (€&mmment 2).

Remark. To iterate over all théext boxes placel on the form, th&€ontrols
collection property of the form was used (Smnment 1 in Section 5.2).

Comments

1. Moving focus is provided by clicking on tle®ntrolor using therab and
Shift+Tab keys. When using the Tab and Shift+Tab keysopittier of meing
focus (namedab order) of focusablecontrok is determined by the value of

their Tabindeyroperty By default,the taborder is the same as the order of
addingcontrok to the form. The easiest way to view and change the ctatent
order is to usehe View | Tab Order menu commandh form design mode.
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When this command is executed, a humber equal to the vathe dablindex
property is displayed near each foumantrol To set a newtab order, it is
enough to clickall controk in the required ordgithe numbersearthe controk

will be changé). To exit the &b order setting mode, just press the Esc key.
Note that theaborder can also be changed programmatically (see Section 8.2).
The TabStopproperty is also associated wittne tab orderif the value of the
TabStoroperty of some visualontrolis False thenthis controlis excluded

from the tab order

It is often sufficient to use the arrow keys to move focus, but this is not
possible fotext boxesbecause they handle the arrow keys inecsp way.

2. Many properties and methods are provided intéw boes to setand
change theselected textThe abovd-ormiconstructoruses theSelecimethod,
which has two parameters: the position of steat of the selection (numbered
from zero, whiti corresponds to the position numbeforethe first character)
and thelengthof the selection, that is, the number of characters selected. If the
selection length is 0, then the start position of the selection determines the caret
position. TheSelectioStartand SelectionLenghtoperties are also provided for
the startof the selection and ilength respectively these properties are nadt
ble. For example, thetatementb.SelectionStart = th.Text.Leagtihe usedn-
stead of the last statemagitthe FormXonstructoi(the SelectionLengthoperty
can be left unchanged).

Let usalso mentionan important propertynamedSelectedTexivhich a-
lows to get and change the selected .tédsigning a newstring to the
SelectedTepgtoperty causes the seletttagment to be replaced with the spe
ified string (if the text boxdid not contain a selection, then the speci&thg
is inserted at the carposition). Changing th&electedTexropertyhidesthe
selection and places the caret behind the inségtddragment (thus, after se
ting the SelectedTexroperty to any value, this property will return aempty
string). If you assign an empty string to tBelectedTegtoperty,thenthe pre-
viously selectedragment will bedeleted

Another propertyelaied with selections theHideSelectidioolean prope
ty. If it is set toTrue (which is the defaulvalue), then whena text boxfield
loses focus, the selected text fragment will no longer be displayed in a different
color (however, when the focus isceeved againthe selection color iser
stored). If theHideSelectigaroperty is set té-alse then the appearance of the
selection does not change when the focus is lost (this mode is usually used in
text editors when performing actions to find and reptagefragments).

8.2. Changing the tab order of text boxes

Place thegroupBoxtontainercontrol (of GroupBoxype) onForml After
that, place two radio buttons in the created containetrot radioButtondand
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radioButtonXSet theposition of the addeccontrols (Fig. 8.2), as well agheir
properties

Properties

groupBox1:Text = Tab Direction

radioButtonl: Text = &Row<Lhecked = True

radioButton2: Text=  &Columns
) TextBoxes E=B[ECE ™%
@Data D Data Data
Data Data Data
Data Data Data
Data Data Data
Tab Direction
@ Bows Columns

Fig. 8.2. Form1 view at an intermediate stage of development

Define an event handler ftne CheckedChangedent forradioButtonthen
connecthecreatechandler to th&€heckedChangedent ofradioButton2
radioButtonl.CheckedChanged handler
private void radioButtonl _ CheckedChangéadbject sender,
EventArgs e)
{
if (/(sender as RadioBu tton).Checked)
return;
if (sender == radioButton1)
for (inti=0;i<=11;i++)
Controls["textBox" + (i + 1)].Tablndex =1i;
else
for (inti=0;i <= 3;i++)
for (intj=0;) <= 2;j++)
Controls["textBox" + (3*i + j + 1)]. Tabindex =i + 4%j;
}

Result Using the radio buttons added to the form, you can changalthe
order oftext boxes the fields can now beelectedeither by rows (with the
Rowsradio button selected), or by columns (with @@umns radio buttonse-
lected). You can also switch th@ab order using thélt+R and Alt+Ckey can-
binations.

Disadvantage With any of the implemented methods of changingttie
order, the currentext boxloses focus (since one of the radio buttons receives
focus).
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Correction. Change theTextproperties of the radio buttons as follows:
& Rows (F2) for radioButtondnd &Columns (F3) for radioButton2etFormis
KeyPrevieproperty toTrue, and defindhe KeyDowevent handler foForm1
Forml.KeyDown handler
private void Form1_Key Down(object sender, KeyEventArgs e)

{
switch (e.KeyCode)

{
case Keys.F2:
radioButton1.Checked = true; break;
case Keys.F3:
radioButton2.Checked = true; break;

}

}
Result Now you canjust press the F2 kep set theab order by ows and

pressF3 to set thetab orderby columns The focus remains on the previously
activatedext box

Comment

When a new radio button is selected, @leeckedChangedent handler is
executedwice: for the previously selected radio button, whG$&eckd prop-
erty has changed frortrueto false and for the newly selected radio button,
whoseCheckedgbroperty has changed frofalseto true The first conditional
statemenof theradioButtonl CheckedChahgedlercauses armmediate exit
if the handlers called on a radio button that has lost its seleclibe. second
conditional statement allows to determine which radio button has be@me s
lected. Note that th€heckedChangedent occurs not only when the mouse is
clicked on one of the radio buttongjtlalso when th€heckegroperty is po-
grammatically changed (this is the difference betweenGheckedChanged
event of a radio button and ®ickevent, which occurs only as a result of user
actions).

8.3. Blocking exit from an empty text box

Define a hankr for theValidatingvent for thetextBox®nd thenconnect
thecreatechandler to thé/alidatingvents of albthertext boxes
textBox1.Validating handler
private void textBox1l Validating(object sender, CancelEventArgs e)

{

e.Cancel = (sender as Te xtBox).Text.Trim() =="";

}

Result If the activetext boxis empty, then it is impossible to exit it (in
paticular, it is impossible to close the form). Note thet can stillselect radio
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buttons using the F2 and F3 keys, since this feature is notatssowith loss of
afocus for the activéext box
Disadvantage The reason the focus is being locked may not be clear to the

user. Thigddisadvantag&vill be corrected in the next section.

Comments

1. TheValidatingvent occurs before tlemntrolloses bcus in the handler
of this event, the loss of focus can be blocked by settinGémeepropertyof
the parametee to true(compare this with the actions of tRermClosingvent
handler discussed in Sectiérl).

2. TheTrimmethodof the stringclassremoves all leading and trailing spa
es and returns the modified string. There are BtsoStadnd TrimEndnethods
thatremoveonly leading or only trailing spaces, respectively. UsingTth
TrimStartand TrimEnanethods, you can remove not onfyases, but also any
other characters; for this, it is enough to specify the charactersraroyed
as parameters of these methods (the number of parameters can be arbitrary).

8.4. Informing the user about the error

Add a nonvisual ErrorProvidecontrol to the form (it will be named
errorProviderand set it8linkStylproperty toNeverBlink

Define a handler for th&extChangeglvent for thetextBoxkand thencon-
nectthe createchandler to th& extChangexl/ents of albthertext boxes

textBox1.TextChanged handler
private void textBox 1 TextChanged(object sender, EventArgs e)

{
TextBox tb = sender as TextBox;
if (tb.Text =="")
errorProviderl.SetError(tb, "Text must be non - empty");
else
if (errorProviderl.GetError(tb) !="")
errorProvider 1.SetError(tb,"™);
}

Result If you delete all characters in the actiext box an icon ¥ of
ared circle with an exclamation mathat is,a sign of a erro) will appear to
the right ofthis text box If you moveyour mouse cursor over this icon,cmltip
appears with a brief explanation of the cause of the error. linmut at least
one character in an empxt box the icon disappears.

Comment

By using a single instance of tligrorProvideontrol you can inform the
user about errors asso@dtwith various visuatontrok. You can change the
icon displayed on the screen in case of an etharl¢onproperty), as well as
set one of theblinking modes of this icon using th8linkStyleproperty
(NeverBlink no blinking, AlwaysBlink constantblinking, BlinkIfDifferentErior
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shortblinking when the icon is displayed on the screen and also when the text
with the error message chandes this control). The blink rate (in millise-
onds) can be adjusted using BienkRatproperty.

8.5. Providing additional information about the error

The brief error message may be confusing for some users. In such-a situ
tion, it is desirable to provide for the possibility of calling tredp systembut
this call, as a rule, is performed using Hhep button, whileexit from the ero-
neoustext boxis blocked. TheCausesValidatiproperty is provided tsolve this
problem
Place abutton (nameduttonll on the form, set it extproperty toHelp
(Fig, 8.3), setits CausesValidatipnoperty toFalse and definethe Clickevent
handler for the buttan
button1.Click handler
private void buttonl Click(object sender, EventArgs e)

{
MessageBox.Show{'he text in the  text box must not be empty ",
"Help");
}
0= TextBoxes E@
e — .D . .
Data Data Data
Data Data Data
Data Data Data
Tab Direction
Q) Rows (F2) Columns (F3) |T|

Fig. 8.3. The finalview of Form1

Result TheHelp buttonis available for clickin a situation when one of the
text boxesis blocked. However, in this situation, you still cannot navigate to
other formcontrok (you can only return to thiext boxmarked as erroneous).

Remark. For all visualcontrok, the CausesVaatiorproperty defaults to
True. It is recommended to change it False only for buttons related to the
help call.

8.6. Form-level error checking

Blocking an erroneoutext boxcan betoo inconvenientor users who -
fer to fill in text boxesthat are noproblematic first and then return to thas&t
boxesthat require additional thoughto makethis method of filling datavai-
able you shoulduseblocking actions that are performed the form levelthat
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is, at the level of thentire datase{example of such actions aiaving the B-
tire dataset in a file or sending this dataset over the networkyslietplement
suchblocking actiondor our project
Select alltext box controk andclear the Validatingvent for them in the
Properties window (you can alsoremove thetextBox1 Validatimgthod from
theForml.c8le).
Definethe FormClosirgyent handler foForm1
Forml1.FormClosing handler
private void Form1l_FormClosing(object sender,
FormClosingEventArgs e)
{
if (e.CloseReason != CloseReason .UserClosing)
return;
for (inti=1;i<=12;i++)
if (errorProviderl.GetError(Controls["textBox" + i]) '="")
{
e.Cancel = true;
return ;

}
}

Result Now the presence of an empigxt boxdoes not prevent thectiva-
tion of the othertext box however, an error icon is displayedarto each empty
text box If there is at least one error icon, the form cannot be closed.

Remark. The first conditional statement in tl@rm1 FormClosimandler
gives the opportunity to close therinif the corresponding command comes not
from the user, but from the operating system (for example, the form brust
closad when Windows exits). See alSomment 4 inSection5.1.
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9. Mouse event handling: MOUSE project

The MOUSE project is primarily deted to mouse event handling. The
mouse capture mechanism and the problems caused by such a capture are co
sidered. We discuss paretttild relationships and the ordering of chadadntrok
in a form or other containeontrol (z-order). Also we describé¢ find and e-
place tools of Visual Studio environment.

9.1. Dragging with the mouse. Setting the z-order of controls
on a form

After creating the MOUSE project, place tWanekontros onFormi(they
will be namedpanellandpanel? and set the properties thfe form and the at
edcontrok (see alsd-ig. 9.1):

Properties
Fornl: Text = Mouse MaximizeBox= False,
FormBorderStyle = FixedSingle , StartPosition = CenterScreen

panell: BackColor = RedBorderStyle = Fixed3D
panel2: BackColor = GreenBorderStyle = Fixed3D

E=B o =

Fig.9.1. Forml view at the initial stage of development

Add the field delarationto the beginning of thEormXklass delaration
private Point p;

Define event handlers for tidouseDowaind MouseMowvevents fompanell
then connectthe creaed handlers to thé&vlouseDowand MouseMovevents of
paneldsee Section 6.1 for how tmnnecthandlers to multipleontrok).

panell.MouseDown and panell.MouseMove handlers
private void panell_MouseDown(object sender, MouseEventArgs e)
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{
p =e.locatio n;
}
private void panell MouseMove(object sender, MouseEventArgs e)
{
Panel a = sender as Panel,
Text = string.Format("Mouse - {0} {1}", a.Name, e.Location);

Size sO = new Size(eX - pX,eY - pY);
if (e.Button == MouseButtons.Left)
a.Locatio n +=s0;
}
Define an event handler for tidouseMowevent forFormi1
Forml.MouseMove handler
private void Form1_MouseMove(object sender, MouseEventArgs e)

{

Text =" Mousg
}

Result After starting the application, moving the mouse cursor over any
panelcauses the name of the panel and the current values of the locat coord
nates of the mouse relative to the panel to be displayed in the window title, in
addition to theMouse text. If the left mouse button is held down, the panel is
moved along the fornfidragged by the mouse). See alSomments 13.

Disadvantage Whenpaneldraggng, it maybe overlappedy panel2

Correction. Add twostatement$o thepanell MouseDomathod:

Panel a = sender as Panel;
a. BringToFront() ;

Result Now the dragged panel &ways positioned on top @ill window
controk (seeComment 4).

Remark. The requiredresult can be obtained using a singl@atement
(sender as Panel).BringToFrovigeclarean auxiliary object of Paneltype,
since in the subsequent sectionthe panell MouseDowmethod will be sup@-
mented with othestatementsisingthe objecta.

Comments

1. Toupdatethe form title when dragging the paneddepanell MouseMove
method), thecormammethod of thestringclass is used, which returns a string
that conains bothplain text andformattedrepresentations of various objects.
The first parameter of thEormaimethod is aformat stringcontaining plain
text andformat settinggor other parameters (the number of formatted param
ters can be arbitrary). Formagttings are enclosed in curly bradgsin our
case, we use the simplest format settings, in which only the ordinal number of
the parameter displayed in the specified position of the format string is set (in
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such a simple situatiorthe ToStringnethodis automatically called to format
the parameter). Note that tlheStringnethod of thd?ointobject annotates the
andY coordinates withX = andY = comments and encloses the resulting text
in curly braces, for exampl¢X = 50, Y = 15} For format seihgs, see also
Comment 4 irSedion 2.2.

2. In thepanell_MouseMawethod, when calculating the new position of
the panel, amffsetsO of Sizetype is added to its previous positibocatiomf
Pointtype (offsetsOis created using the constructdrthe Sizestructure). ®-
jects ofSizetype can not only be added, but also subtracted from an object of
Pointype; the result is a neabject of Pointype You cannot add and subtract
objects ofPointtype. Objectsof Sizetype can be added and subtractdtk re-
sult is an object obizetype. Note that th€ointandSizetypes can be converted
to each othewsing an explicit cast. Given this fact, the position of the panel
can be recalculated as follows:

alocation += (Size)e Location - (Size)p;

3. The appeent constancy of the coordinate valaksplayed on the screen
when dragging the panel is explained by the fact ththediately after chag
ing themousecoordinates, the position of the panel on the form is adjusted,
and the locaimousecoordinates retave to the panel are recalculatatl the
same timeIf you move the panel quickly enough, you will notice that other
coordinate values are displayed for a short time in the titlarbar.

4. Any visualcontrol hasthe BringToFrontethod wh i ¢ hthistonai s e s ¢
trol above allcontrok, andthe SendToBaackethod wh i ¢ h thifdordrete r s O
under allcontrok. These actions involve changing therder of the controk,
that is, their relative position on tlzeaxis oriented perpendicular to the plane
of the screen. The concept vbrder is closely related to thparentchild rela-
tionshipand makes sense fohildren of the same parent, so the parehiid
relationship should be discussed first.

As a rule, theparentof the controk is the form, but any cteinercontrol
can act as parent (sucttontrok are indicated in th€ontainers group of the
Toolbox window). Further in this commenive will use the variable to des-
ignate a parent, that is, a form or a contagwertrol

All child controk are contaied in theControlgollection property of their
parentp. TheControlproperty is ofControlCollectitype and allows you tcer
fer to any childcontroleither by an integandexstarting from zero (for exa-
ple, p.Controls[0pr by a stringkeythat maches the name of the chitntrol
(that is, the value of ithlameproperty,for example,p.Controls["buttonlTo
add acontrolto theControlgollection, you can use isddmethod (for exan-
ple, p.Controls.Add(buttdn¥pu can also set theontrols Parenproperty top
(for example puttonl.Parent  phese ways of addinge@ntrolto theControls
collection are completely equivalent. The neantrolis added to thendof the
Controlsollection (the starting element of the collection is thenelat with in-
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dex 0). The size of th€ontrolgollection can be determined by using its read
only Counproperty.

The positionof the child is relative to the uppteft corner of the paredd
client area(that is,this positionis specified in thgarents local coordinate
system Child controk cannot be displayed outside the visible areheir
parent (although they can be placed outside the visiblg a®eSection9.2).

Note that a form usually has no parent; in this casdatenproperty is
ndl and its position is in screen (that gdpbal) coordinates. The exception is
child formsin an MDI application (see ChapteR)2 In addition, the form can
have arowneri seeSectiors5.1, 5.4, 5.6.

Let us go back to the concept sbrder. It is conveient to assume that the
z-axis is directed away from the user, that is, into the screen (in this case, we
get theright-handedcoordinate systemyz since they-axis is directed verti¢a
ly downward on the screen). With this assumption, you can treahtldecon-
trolsd indicesin the Controlgollection as theiz-coordinates. In other words,
the first item in theControlgollection (with index 0) is located on tkeaxis at
point 0, the secondontrol (with index 1) at point 1, and so on. We emphasize
that thez-axis is directed away from the user, so the first abadtrol will ap-
pear as the topmosbntrol and mayoverlapthe second and other chitabn-
trols.

This statement seemingly contradicts the result that we get when adding
acontrolto a form indesign modgbecause theontrol thatis placedlast on
the formis thetopmostcontrol Theanswers that adding aontrolto a form in
design mode and addingcantrol to the Controlsollectionleads to different
results. You can verify this by opeginhe Forml.Designer.csfile and viev-
ing the text of thenitializeComponemtthod (you may first need to expand the
Forml.Designer.cdile fragment marked a@/indows Form Designer gene
ated codg. It turns out that th€ontrols.Adaiethods are called arontrok in
the reverse ordeof being placed on the form. In other words, when placing
acontrolon a form in design mode, theentrolis located not at the end, bait
the beginningf the Controlgollection. Thisfact explains the apparent coatr
diction. A clear understanding of thfact allows you to avoid a number of-e
rors associated with placirgpntrok on a form and accessing them using the
Controlsollection. Let us point out two of the most typical errors of this kind.

1 Do not assume that ¢hfirst control placed on a form in design mode will
have index 0 in th€ontrolgollection.On the contraryat every stage of pr
gram developmenindex O will be associatedavith thelast controladded to the
form in design mode. That is why it is marenvenient to access the elements
of the Controlsollection not bynumericindices, but bystring keys such as
"buttonl”

1 Do not assume that eontrol added to a form not in design mode, but
programmatically (that is, by explicitly assigning a form abje its Parent
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property or by calling thédddmethod of the fors Controlsollection) will go-
pear on the form as the topmasintrol. On the contrary, it will be placeak
the endof the Controlsollection and therefore will bbelow all other child
controls, that is, it will be the last irorder. For acontrolto become the @
mostcontrol after adding it to th€ontrolsollection,you shouldexplicitly call
the BringToFronethod for it.

A clear understanding of theorder feature®f Windows Forms library
also allows you to understand tfeaturesof control docking(that is, binding
of the control to the boundaries of the form performed by setting Dioek
property), but we willdefer this discussionuntil another example (se$ec-
tion 21.3).

9.2. Resizing with the mouse

At the beginning of thd-ormiclass delaration add a delarationof the
new field:
private Size s;
Add newstatementso thepanell MouseDoamdpanell MouseMaweth-
ods
private void panell MouseDown(object sender, MouseEventArgs e)
{
p = elLocation;
Panel a = sender as Panel;

aBringToFront();

s = a.Size;
}
private void panell_MouseMove(object sender, MouseEventArgs e)
{

Panel a = sender as Panel;

Text = stringFormat("Mouse - {0} {1}",aName, eLocation);

Size sO =new Size(eX - pX,eY - pY);
if (e Button == MouseButtons Left)
alocation += s0;
else if (e.Button == MouseButtons.Right)
a. Size = s + s0;
}

Result If you move the mouse cursor over the panel while holding down
theright mouse button, & panel igesized(the left button is still used to change
the positionof the panel)Note that you can even drag the panel to an area ou
side the window. If you do not release the mouse button at the same time, the
panel can be returned back to thehlsipart of the window (similarlyafterre-
ducing the panés sizeto zero, you can then restore them). The noted feature is
related to thenechanisnof mouse capturef you press any mouse button over
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a control this control will ficaptur® the mouse andiforced mouseto execute
mouse event handlers of thasntrol (even if the mouse cursor leaves tioa-
trol) until themousebutton will not be released (however, this event will also be
handled by thecontrol that previously captured the mouse). See @sm-
mentl.

Disadvantage If you drag the panel entirely outside the window aed
leasethe mouse button, then access to the panel will be impossible. The panel
will alsobecome inaccessible when its size is reduced tq pevvided thatou
release the m@e buttorat that moment

Correction. Set the AutoScrolproperty ofFormlto True and change the
panell MouseMawuethodas follows:

private void panell MouseMove(object sender, MouseEventArgs e)
{

Panel a = sender as Panel;

Text = stringFormat("Mous e - {0} {1}",aName, eLocation);

Size sO = new Size(eX - pX,eY - pY);

if (e Button == MouseButtons Left)

{

Point pO = a.Location + sO;
a.Location = new Point(Math.Max(0, p0.X), Math.Max(0, p0.Y));
}

else if (e Button == MouseButtons.Right)
{
aSize=s+sb—
sO +=s;
a.Size = new Size(Math.Max(50, s0.Width),
Math.Max (20, s0.Height));

}
}

Result Now it is impossible to drag the panel beyond the left or top border
of thewindow, and, in adition, the minimum panel size (in pixels) is set equal
to 503 20. Dragging the paheutside the right or bottom border of thendow
does not make it inaccessibEnce in such a situation, the window displays
scroll bars (dueto theTrue value for tle AutoScroproperty of the form). See
alsoComments 2 and 3.
Comments
1. The mouse capture effect can be demonstrated in our program in one
more way: if you press the mouse button on a free part of the form and then
move the mouse cursor to one of thegla, the form title will not change (it
will still look like Mouse). This is becausen this situationthe mouses cap-
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tured by the form itseland even when the mouse is moved over the panel, the
MouseMowvevent is sent to the form that captured trause.If we release the
mouse button over the panel, then any
by the panel and lead to changing the form title.

2. Tocorrectthedisadvantagewe limited the size of theontrol by adding
the appropriate code to the ogram (seethe new version of thean-
ell _MouseMoweethod. The other way of correction is testrict the size of
acontrolusing itsMinimumSizndMaximumSizeoperties ofSizetype. In our
case, it is enoughior panelspanellandpanel2to set theMinumumSizeoperty
equal to50; 20using theProperties window. However, thisvay of correction
Is less convenient becauseatjuires setting thelinumumSizeoperty foreach
control In addition, there are no properties limiting geesitionof thecontrol.

3. The Maxfunction used inthe new version of th@anell MouseMove
methodreturns the maximum of two numeric parameters. This function is
astatic method of théathclass. All other standard math functions are also
implemented as static methodstlo¢ Mathclass.

9.3. Using additional cursors

Add newstatementso thepanell MouseDomathod
private void panell MouseDown(object sender, MouseEventArgs e)
{

p = eLocation;

Panel a = sender as Panel;

aBringToFront();

s = aSize;

if (e.Button == MouseButtons.Left)

a.Cursor = Cursors.Hand:;

else if (e.Button == MouseButtons.Right)

a.Cursor = Cursors.SizeNWSE:;

}
Define a handler for th®louseUpvent forpanellthenconnectthe created
handler to thévlouseUpvent ofpanel2
panell.MouseUp handler
private void panell_MouseUp(object sender, MouseEventArgs e)

{

(sender as Panel).Cursor = null;
}

Result In the mode of resizing the panel, the mouse cursor becomes a d
agonal doubléneaded arrowin the drag mode, it becomesiaointing hana.
After exiting these modes, the standard cursor is restored.

Remark. The Cursoiproperty of any visuatontrol as well as th€ursors
class, were discussed in detail inapterll. Recall thatif the Cursoproperty is
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null the control will use the cusor of its parent (in this castie cursor of the
form).

9.4. Handling a situation with simultaneous pressing
of several mouse buttons

Our program will work fine as long as the user does not think to press the
left mouse button while holding the right buttoowh (or vice versa). For def
niteness, we will describe the behavior of the program in a situation when, while
the left mouse button was pressed on the panel, the right mouse button was add
tionally pressed (and, in addition, we will assume that when ipeirig the a-
tions described below, the mouse cursor will not leave the panel on which it was
initially located). At the moment of pressing the second button, the cursor will
change to a diagonal arropwowever, with the subsequent movement of the
mouse, nither the position nor the size of the panel will change. If you release
one of the mouse buttons, the cursor will take the formstdadard arromthe
default cursor) however, when you move the mouse, the action determined by
the mouse button that rema pressed will be performed.

This behavior is explained by the followirfgaturesof the mouse event
handlers: when the handlers for tMeuseDowandMouseUpvents are exetu
ed, thee.Buttoiparameter contains information about the mouse button tlsat wa
just pressed (or, respectively, released). €ltuttoparameterdoes not contain
information about other buttons pressed. On the other hand, when the
MouseMovevent handler is executed, tleeButtorparameter contains info
mation aboutall currently pessed mouse buttgnghe elements of the
MouseButtomsiumeration corresponding to the pressed buttons are combined by
the operato| (bitwise OR).

This makes it possible to understand why our program does not perform
any actions when the buttons are diameously pressed: in fact, the actions to
move or resize the panel are implemented inMbeseMowvevent handler when
the conditione.Button == MouseButtonsdre& Button = = MouseButtons.Right
holds, but, if both mouse buttons are pressed, neitHethese conditions are
true, becausein this case the e.Buttonproperty contains the expression
MouseButtons.Left | MouseButtons.Right

To avoid such undesirable effectse should analyze in more detail the
state of the mouse buttons in the handlers@ated with their pressing and-r
leasing. We will assume that the left button hdwgher priority: if it is pressed
(even simultaneously with the rigbutton), then thepanelshould bedragged
not resized (and the cursor shobla fipointing hanad).

Let us make the required changes to¢kent handlers:

private void panell _MouseDown(object sender, MouseEventArgs e)

{

p = elLocation;



Panel a = sender as Panel;

aBringToFront();

s = aSize;

if ( (MousdButtons & MouseButtons.Left) =0 )
aCursor = CursorsHand;

else if (( Mous8uttons & MouseButtons.Right) = 0)
aCursor = Cursors.SizeNWSE;

}
private void panell MouseMove(object sender, MouseEventArgs e)
{
Panel a = sender as Panel;
Text = stringFormat("Mouse - {0} {1}",aName, eLocation);
Size sO = new Size(eX - pX,eY - pY);
if ((e.Button & MouseButtons.Left) |= 0)
{
Point pO = alocation + sO;
alocation = new Point(MathMax(0, p0X), Math Max(0, p0.Y));
}
else if ((e.Button & MouseButtons.Right) != 0)
{
sO +=s;
aSize = new Size(MathMax(50, sOWidth),
Math Max (20, sO Height));
}
}
private void panell_MouseUp(object sender, MouseEventArgs e)
{
Panel a = sender as Panel;
if ((MouseButtons & MouseButtons.Left) != 0)
a.Cursor = Cursors.Hand;
else if ((MouseButtons & MouseButtons.Right) != 0)
a.Cursor = Cursors.SizeNWSE;
else

a.Cursor = null;
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Result Pressing and releasing any mouse buttons in any ordarfoee
part of the formdoes not change the cursor. When you press and release any
mouse buttons in any order on the parnls,cursor view always corresponds to
the correct mode: this is tldrag modef the left button is pressed (even if the
right button is pressed at the same tirmegl this isthe resize modéf the right
button is pressed and the léfittonis released. ¥u can even press or release
the mouse wheel, which in this respect also behaves like a buttmiddle
mouse buttonthis will not affect the operation of the program in any way (see
alsoComment 1).

Disadvantage If you press the right and left butteon some panehnd
then release one of them ambve the mouse cursor outside the pdfoe ex-
ample, move the cursor outside the entire form), the current ndoaggingor
resizing) will stop working, and the form titithanges tdMlouse The current
mode resumes working if you move the mouse back to the panel.

This behavior of the program means that the mouse capture mechanism
stops working. This is because the capture of the mouse by the aamnénalis
canceled ifat least oneof the pressed buttsnis released. In our program, it
would be more convenient to cancel theusecapture only ifall the mouse hid
tons are released.

Correction. Define a handler for thd&louseCaptureChangeent for the
form and therconnectthat handler to th&louseCaptu€hangedvent for each
panel

private void Forni_MouseCaptureChanged(object sender,
EventArgs e)
{

Control ¢ = sender as Control;

if (Ic.Capture && MouseButtons != MouseButtons.None)

c.Capture = true,
}

Result Now themousecapture for both theorm and the panels is canceled

only when all mouse buttons are released Gmaments 2 and 3).

Comments

1. To correctly determine thequired mode andursor, it is not enough to
know which button was pressed or released; it is also necessary toideterm
which buttongemainpressed. To do thisye usethe MouseButtoqsopertyin
the modified versions ahe panell MouseDoamd panell Mouge methods
MouseButtoris a static property of theControklass it allows to determine
which mouse buttonsra pressedt presenttime (comparethe MouseButtons
propertywith theModifierKeysopertydiscussed itsection4.2).

To check if the required mouse button is included inNtoeiseButtors
e.Buttoenumerations, we use the operaiofbitwise AND).




90

2. To change the default mouse capture mechanism, we uséthftere
propertyof booltype. Any visualcontrolhas this property; it allows to check if
a givencontrol capturesthe mouseandit also allows tosetor cancelmouse
capture programmaticallyThe Captureproperty is associated with the
MouseCaptureChangednt this events raised when the value ofetiCapture
property changes.

The Form1_MouseCaptureChahgedler analyzes the situation when the
controlcancels the mouse capture (in this cse value of it<Capturgroperty
changes fronirueto falsg. If, at the same timesomemouse button remasn
pressed (that is, the value fouseButtons not equal toMouseButtons.N@ne
then themousecapture is restored.

3. In theForm1l_MouseCaptira@edandler, thesendeparameter is cast
to the Controtype which isthe common ancestor of all visuadntrok. This
makes it possible toonnecthis handler witlcontrok of various types (and, in
particular, with the form itself).

9.5. Dragging and resizing a control of any type.
Using the find and replace tool

Place a buttoiinamedbuttod) and a labe(namedlabel)l on Formland set
the label properties
Properties
label 1: AutoSize = False, BorderStyle = FixedSingle ,
TextAlign = MiddleCenter
Adjustthe size of the button and label in accordance with®a.

a2 Mouse E= Eol =X

y.
button1
labell

Fig. 9.2. The finalview of Form1

Connecthandlerspanell MouseDovpanell MouseMoyanell MouseUp
and Forml_MouseCaptureChangedthe appropriate eventsM@useDown
MouseMoy&louseUmndMouseCaptureChanged buttonlandlabell

In the text of thd-orm1.csfile, replace the woré&@anelwith the wordCon-
trol. To do this, go to the beginning of this file and pressCtie-H key comb-
nation. In thefind and replacdarthat appeargnput the textPanelin the first
text box the textControl in the secondext box switch onthe Match whole
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word button &, andclick the Replace allbutton &' (Fig. 9.3). After all the
replacements have been completed, a window will appear with inforntaion

six found words have been replaced (all these words are contained in three ide
tical statemerd Panel a = sender as Pdoedted at the beginning of then-

ell _MouselUpanell MouseDowndpanell MouseMawethods). Press Esc to
close thdind andreplacebar.

A  Panel X v 2~ X
b o
Control T @ i
Aa Abl o* Current Document -

Fig. 9.3. Find and repladear

Result The addedcontrok (buttonlandlabel)l are processed in the same
way as panelpanellandpanel2their size and position can be changed with the
mouse.

Comments

1. In the panell_MouseUpanell MouBewn and panell MouseMove
handlers, the same action is now performed as in the handler
Form1l MouseCaptureChantpedsendemparameter is cast to tHeontrotype.
Note that these methods use only the properties and methodsseintihepa-
rameter thathte Controtlass has (otherwise a conggiérror would occur).

2. Sincefind and replace operatiorare often useful when viewing and-e
iting program code, let us note some of the related capabilities.

To quickly find the required text, it is convenientuse thelncremental
Searchmodeactivatedby the Edit | Advanced | Incremental Searchmenu
item or the Ctrl+I key combination When this mode is active, the mouse-cu
sor changes to a downwapointing arrow and is complemented by a biunoc
lar. Now it is erough toinputthe required textragment and in the process of
input, the first of the foundext fragments located below the position of the
keyboard cursor will be highlighted in the file. If the input of a text fragment is
completed, then toepeatsearch forward, it is enough to press Ctrl+l again,
and torepeatsearchbackward you should pres€trl+Shift+l. To exit theln-
cremental Searchmode, just press Esc. Note thawen after exiting this
mode, the editor remembers the liagtut text fragmentfor searchif, after the
next activationof the Incremental Searchmode you do not type a netext
fragment but immediately press Ctrl+l or Ctrl+Shift+l, then the previoursly
puttext fragment will be searched (forward or backward, respectively).

If you need to take into account additional conditions when searching, you
should display thé&nd barby pressing the Ctrl+key combination In addition
to the already mentionemptionto search for avhole word(the Match whole
word button #E or Alt+W), you ca also organize easesensitivesearch the
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Match casebutton Aa or Alt+C) and enable the search mode usiegular
expressiongthe Use Regular Expressiondutton .+ or Alt+E).

When thefind baris open, to search for the occurrence of the nexg- fra
ment, pst press th&ind Next button = or theF3 or Enter key. Using the F3
key, the search can be performed even wheffiridebaris closed. We empzh
size that pressing F3, unlike Ctrl+l, does not requipait a fragment andre
sures that albptions specifiedin the find bar are taken into account when
searching. You can search backward by pressing Shift+F3.

As already noted, the find and repldta can be displayed on the screen
using the combination Ctrl+H. It contains the sadméonsas thefind bar. In
the search and replace mode, you can search for the next occurrence of the
fragment (the=ind Next button » or F3), replace the found occurrence (the
Replace Nextbutton &° or Alt+R; after performing the replacement, the next
occurrence is immediately seardhir) or replaceall found occurrences (the
Replace Allbutton &' or Alt+A).

If the find baror find and replacéaris active, just press the Esc kiy
close it
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10. Drag-and-drop: ZOO project

The ZOO project introduces various aspects of dreg-and-drop mode
(activation of the drag-anddrop mode and various options for its completion,
actions when dragging to an invatatget additional selection of the source and
target use of special cursors falraganddrop mode). In additiorthe project
descibes how to work with thémageLigian image storageontrol

10.1. Dragging labels on a form
After creating the ZOO project, place four labg@belli labeld on Forml
and set the properties of the form and the added labels
Properties
Formi: Text = Zog M&imizeBox = False,
FormBorderStyle = FixedSingle , StartPosition = CenterScreen
AllowDrop = True
labell: Text=  Bear
label2: Text=  Wolf
label3: Text=  Fox
label4: Text=  Hare
Setthe position of théabelsin accordance with Fig.0lL1.

o Zoo EI@

iiEiearg Vel s Lars

Fig. 10.1. Form1 view at the initial stage of development

Define an event handler for tiMouseDowevent forlabelland thencon-
nectthe created handler to tiMouseDowevents of labeldabel2i label4(see
Section 6.1 for how toonnecthandlers to multipleontrds).

labell.MouseDown handler
private void labell MouseDown(object sender, MouseEventArgs e)
{

if (e.Button == MouseButtons.Left)

DoDragDrop(sender, DragDropEffects.Move);
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Define theDragEnteandDragDropvent handlers fdformi
Forml.DragEnter and Form1.DragDrop handlers
private void Form1_DragEnter(object sender, DragEventArgs e)

{
e.Effect = DragDropEffects.Move,;
}
private void Form1l_DragDrop(object sender, DragEventArgs e)
{

Label src = e.Data.GetData(typeof(Label)) as Label;
src.Loca tion = PointToClient(new Point(e X, e.Y));
}

Result Labelswith the names of animals can be dragged using the left
mouse button. When you drag tlabel (thesourceof the draganddrop), it
stays in place, but the mouse cursor changes to indireadeag-and-drop mode.
Only the form itself is defined as tieceiver(that is, theargetof thedragand
drop): when the mouse button is released over it, the label being dragged moves
to the specified position (see Comments 1 and 2).

Remark. In this project,we use thesrcandtrg names for the source and
targetobjects, respectively, in throgram codef the draganddrop handlers.

Disadvantage 11t is allowed to drag a label not only to the free part of the
form, but also to another label; this draggowgrlaps two labels.

Correction. Set theAllowDroproperty toTrue for all labels.

Result When moving one label to another, the mouse cursor takes the form
of a prohibiton sign & (seeComment 3).

Disadvantage2. At the initial moment of dragging, the rsor takes the
form of a prohibiton sign.

Correction. Define the DragEntegvent handler folabelland thenconnect
the created handler to thbragEntexvents ofabel2 labeld

labell.DragEnter handler
private void labell DragEnter(object sender, Drag EventArgs e)

{
if (e.Data.GetData(typeof(Label)) == sender)
e Effect = DragDropEffects.Move;
else
e Effect = DragDropEffects.None;

}

Result At the start of dragging, the mouse curkas a standard view for
the draganddrop mode Dragging ondabel onto another is still prohibited (see
Comment 4).
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Comments

1. To start the dragnddrop mode, angontrolhasthe DoDragDramethod
with thefirst parameter spegiing the drag source(that is, the object that will
be accepted by thaeraganddrop receivej. The second parametdjof
DragDropEffectgpe) is the allowed resulteffec) of a successful dragnd
drop. There are three main effec@opy, Move, andLink (their names aresa
sociated with actions when draggifites). If during dragging onef several
effects can occur (for exampl€ppy or Move), then as the second parameter
you must specifyall these effectscombining them with the opewat| (bitwise
OR), for example DragDropEffects.Copy | DragDropEffectsINereeis also
a DragDnoEffects.Anumeration member that combinaé the available &
fects.

The dropanddrop receiver(thetargef) can only select an effect that s i
cluded in the set of allowed effects specified as the second parameter of the
DoDragDromethod (in the hatler of any draganddrop event, thetargetcan
determine which effects are allowed using thAllowedEffeptoperty). The
targetcan also set the effect tddone meaning that ifrefuses to accept the
source. The effect selected by thegetdeterming the appearance of its cursor
in thedraganddrop mode; in particular, if thargethas selected thidone ef-
fect, then its cursor will look like a prohikot sign (.

In order for acontrolto act as darget its AllowDroproperty must be set to
True. Only then will thecontrolbe able to respond to dramddrop events (in
particular,DragEnteDragOverndDragDrogp

The DragEnteevent occurs when the drag source appears ovdatpet
the DragOvesgvent occurs when the drag source is moved thedarget With-
in these handlers, thargetmust determine whether it can accept the source
and set thee.Effecproperty to the value of the corresponding effect. If, when
the source is moved over tterget the availability of theéargetcannot chang
(as in our program), then tHeragOveevent handler need not be defined; in
such a situation, the availability of the receiver is determined by the value of
the e.Effecproperty set in the handler for tizragEnteevent. TheDragDrop
event occurs whethe source is dropped over the target and only itdhget
can receive the source.

In the handler for any dragnddrop event, you can access the soutze o
ject. To do this, call th&etDatanethod of thee.Dataobject and specify the
source format (anx@ression ofTypeor stringtype) as a parameter. The result
returned by th&etDatanethod is obbjectype, so it must be explicitlgastto
the actual type of the source. In a situation where the type of the source is not
known in advance, the receivesinobtainthe necessarynformation using the
GetFormatsiethod of thee.Dataobject (without parameters), which returns an
array of stringscontainingthe names of thavailabledata formatsfor the
source (since the source can provide data in sevarakfs). In our case, the
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call to theGetFormatmethod would return an array of one elemém string
"System.Windows.Forms.Lakeich is the full name of the source type. Note
that this namemay alsobe specified as a parameter to GetDatamethodin-
stead otypeof(Label)

2. To move thdabelto a new locationwe need to know the position of the
mouse cursor whre the label isdropped. This position is contained in tleeX
ande.Yproperties (unfortunately, tHeocatiowomposite property dPdnttype
Is not provided for the parameteof DragEventArgge). When working with
the X andY propertiestake into accourthat they determine the position of the
mouse cursoin screen coordinateslo convertscreen coordinates to coord
nates assoated with the clientareaof a control or form, you can usd¢he
PointToClientethod. There is aldhe PointToScreenethodthat allows you to
convertthe local coordinates of tlentrolto screen coordinates.

3. By setting the fori@gs AllowDropropertyto True, we made the form
avalid target Since theAllowDroproperty for labels remaineéalse (the de-
fault value, the labels were not consideradvalid targets; this means that
theyareinvisible for thedraganddrop mode. Therefore, when the moase
sor in draganddrop mode passeover the labetontrok, itis assumed to be
above theform, and theDragEnteand DragDrogventsoccur forthe form. If
the sources droppecat this momentthenthis sourcewill overlap thelabello-
cated under itQisadvantagé). When theAllowDroproperties of the labekre
set toTrue to correct the notedisadvantagethey became visibl®r thedrag
anddrop mode. Since BragEntehnandler for theseontrok has not yet been
defined, it was assumed that theyld not accept draganddrop source, S0
the cursor over thehooks like a prohibiton sign

4. Theconditional statemerif the labell DragEnterethod checks if the
source object (determined using tRetDatanethod) and thé&argetobject (the
sendeparamete) are the samé\ote that in such aheckingit is not necessary
to cast the specified objects to thabekype, since it is not necessary to know
actual typs of two objectdo comparghemfor identity.

10.2. Dragging labels to text boxes

Place fourtext boxes (textBox1 textBoxdon Formland adjust their pos
tion in accordance witkig. 10.2.

5 Zoo =N Eol ==

[ER—
: Bear | Wolf Fax Hare

Fig. 10.2. Form1 view atheintermediate stage of development
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For eachtext box clearits Textproperty and set thReadOnlgindAllowDrop
properties tolrue (the ReadOnly Fruesetting prevents the user from editing
the text in thetext box but does not affect the ability to programmatically
change the text).

Define theDragEnteandDragDropvent handlers faextBoxand thercon-
nect the createdhandles to theDragEnteand DragDrogvents oftextBoxd
textBox4

textBox1.DragEnter and textBox1.DragDrop handlers
private void textBox1_DragEnter(object sender, DragEventArgs e)
{
if ((sender as TextBox).Text =="")
e.Effect = DragDropEffects.Move,;
else
e.Effect = DragDropEffects.None;
}

private void textBox1 DragDrop(object sender, DragEventArgs e)
{

Label src = e.Data.GetData(typeof(Label)) as Label;

(sender as TextBox).Text = src.Text;

src. Visible = false ;

}

Result Any emptytext box (i aemptyc a 9 ead alsobe a valid drag
anddrop targetWhen dragging &belonto an emptyext box fithe animal e-
ters the cage(that is,the labeltext is displayed in th&ext boX¥. Dragging and
dropping a label onto an already filléekt boxis prohibited (although this e-
tion will become available in the next seclion

10.3. Interaction of labels

Using theProperties window, set theTagproperty valuedor all controk
placedon the form:labelli 3, label2i 2, label3i 1, labeldi O, textBoxl
textBe41 0. After setting theTagproperties, load th&orml.Designercsfile
into the editor (just doublelick on its name in th&olution Explorer window),
expand theNindows Form Designer generated codsection in this file and
correct all 8 statementsahset thelragproperty values by removing the quotes
from them. For example, the text

this . label 1. Tag = "3";
should be replaced with
this . label 1.Tag = 3;
Modify thelabell DragEnterdtextBox1l DragDropthods
private void labell DragEnter(object sende r, DragEventArgs e)

{
e.Effect = DragDropEffects.Move
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}

private void textBox1l DragDrop(object sender, DragEventArgs e)

{
Label src = e DataGetData(typeof(Label)) as Label;
TextBox trg = sender as TextBox;
if ((int)src.Tag >= (int)trg.Tag)
{
trg.Text = src.Text;
trg.Tag = src.Tag;
}

srcVisible = false;
}

Define the DragDropvent handler folabell thenconnectthe created ha

dler to theDragDropvents olabel2 label4
labell.DragDrop handler
private void labell DragDrop(object sender, DragEventArgs e)
{

Label src = e.Data.GetData(typeof(Label)) as Label;

Label trg = sender as Label;

if ((int)src.Tag > (int)trg.Tag)

{

src.Location = trg.Location;
trg.Visible = false;

}

else

src. Visible = false ;
}

Also connectthe labell DragEnt&andler to theDragEnterevents of
textBox1 textBox4After performing this action, thiextBox1 DragEnteethod
will no longer be associated with any event, so its description ifFdh®l.cs
file can be deleted.

Result When dragging the name of one animal onto the name of another,
the strongeanimaleat® the weaker one. The same happens if one oathe
malsis dragged into a cage already occupied by anahienal Note that now
the DragEnteevents ofall controk (both labels antext boxeg are associated
with thesamedabell DragEntandler.

Remark. It would be possible taonnectthe DragEnteevents of allcon-
trols to theForm1 DragEntemndler, since performsthe samections We used
a separate handler for tkhentrok, becaustater we will make some changes to
theForml_ DragEnteethod(see Section@5).
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Error . If, when dragging a labetlrop it over itself, the label will disp-
pear. Thustheanimaleats itself

Correction. In thelabell DragDropethod before the statement

if ((int)src.Tag > (int)trg.Tag)
insertthe following statement:
if (src == trg) return;

Comments

1. TheTagproperty determines thelative strengthof the animals. When
an animal is placed in @age, information about the strength of the animal is
stored in thelagproperty of the cage (that iscantrol of TextBoxype). In a-
der to preserve the possibility of placing an animal in an ewggg the Tag
properties of altext boxesare set equdo 0 at the beginning of the program
In our case, it is convenient to store data of integer type iifdgeroperties,
but when setting th&agproperty using théroperties window, astring value
Is assigned to it. This leads to the need to adjusEtmml.Designer.csfile.
Note that after such an adjustment, the values ofTdmgproperties in the
Properties window are displayed correctiiyowever, any their change in the
Properties window will leads to saving the changédgvalue as a string.

2. When defining a new value farc.Locatioim the labell DragDrapet-
od, you could have used tleeXande.Y parametergas in theForm1_DragDrop
method), but iis easier to use tiecatioproperty of thargvariable In add-
tion, thisway allows to plae the sourctabelexactly inthe positionof thetar-
get labe] regardless of where the mouse button was releasedtatdglé

10.4. Actions in case of dragging to invalid target

Modify thelabell MouseDomethod
private void labell MouseDown(object sender, MouseEventArgs e)

{

if (e Button == MouseButtons Left)
if ( DoDragDrop(sender, DragDropEffectsMove) ==
DragDropEffects.None)
(sender as Label).Visible = false;

}
Result If dragging of thdabelfianimab endsoutside the form (in thisase

the cursor looks like a prohiki sign), the animafiruns away from the z@o
and itslabelon the form disappears.

Comment

The DoDragDrapethod(which activates the dragnddrop modg finishes
only when the dragnddrop mode ends; this methodums the effect that
ended the drag. In particular, if it returns tbeagDropEffects.Noradue, it
means that the source is dropped ovemaalid target that is, at the moment
when the mouse cursor looks like a prohibition sign. In our programora|
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trols on the form (and the form itself) are valid targets, soObbBragDrop
method will returnDragDropEffects.Namdy when the source is droppedt-
side the form

10.5. Additional coloring of source and target while dragging

Modify thelabell MouseDoamdlabell DragEnteethodsas follows:
private void labell MouseDown(object sender, MouseEventArgs e)

{

if (e Button == MouseButtons Left)
{
Label src = sender as Label;
src.ForeColor = Color.Blue;
if (DoDragDrop(sender, DragDropEffectsMove ) ==
DragDropEffects None)
src.Visible = false;
src.ForeColor = SystemColors.ControlText;

}
}
private void labell DragEnter(object sender, DragEventArgs e)
{
e Effect = DragDropEffects Move;
(sender as Control).BackColor = Color.Yellow;
}

Add thefollowing statemento thelabell DragDramdtextBox1l DragDrop

methods
trg . BackColor = SystemColors Control ;

Define an event handler for tizragLeavevent forlabelland thenconnect
the createchandler to theDragLeavevents oflabel2i label4and textBox1
textBox4

labell.DraglLeave handler
private void labell DraglLeave(object sender, EventArgs e)

{

(sender as Control).BackColor = SystemColors.Control;
}

Result In the draganddrop mode, he text color of the source label clgan
es to bluethe currentargetcontrol (label ortext box is displayed on a yellow
background (se€omment 1).

Disadvantage When youclick on any of the labels, its backgroundior
changes to yellow.

Correction. In the labell_DragDropethod, move the statement you just
added to it
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trgBackColor = SystemColors. Control;
to a position in front of thetatement
if (src ==trg) return ;

Result Now clicking on the label does not change its appearance (see

Comment 2).

Comments

1. For additionahighlighting of adraganddrop source, it is enough td-a
just its propertiebeforecalling theDoDragDromethod The changedorope-
ties should be restoreafter finishing this method (that is, aftemding the
draganddrop mode) To highlight the currentarget change its properties in
the DragEntezvent handler and restore it in theagLeavevent handler, which
occurs when the mouse cursor leaves the cutaeget Notethat in the case of
an invalid target, th®raglLeavevent occureswhen the draganddrop mode
ends ovetthis target. If the draganddrop mode finishesver a validtarget
then theDraglLeavevent does not occur, and tBeagDropvent handler must
be used to restore th@&rgetproperties.

Note that thdalell DragEntand labell DraglLealiandlersare used for
both labels andext boxes This is possible because tB@entrotlass(which is
the common ancestor of both labels aext boxes) has aBackCologproperty
that we want to change. Thus, in these diams, it suffices to cast theender
parameter téhe Controtype. In the case of tHabell DraglLeavendlerwe 4d-
so take advantage of the fact tHabels andext boxes (in readonly mode)
have thesamestandardsystemColors.Contratkground colar

2. The noteddisadvantages related to the fact thatvhen the button is
clicked, theMouseDowevent occurs and tHabell MouseDotandler for this
eventstartsthe draganddrop mode, which ends immediately when the mouse
button is released. In thzase, the labdbecames @raganddrop target that
Is, theDragEntezventoccuredor it, leading to the backgrourablor changing
However, the backgrouncblor is not restored in thiabell DragDrbandler,
since the exit from this handler occursmediatelyafter thesrc == trgondition
Is satisfied Thus, to correct thdisadvantageit is enough to restore the lac
ground colomeforechecking this condition.

10.6. Customizing the cursor in drag-and-drop mode

Definethe GiveFeedbaekent handler foFamt
Form1.GiveFeedback handler
private void Form1_GiveFeedback(object sender,
GiveFeedbackEventArgs e)
{
e.UseDefaultCursors = false;
Cursor.Current = e Effect == DragDropEffects.Move ?
Cursors. Hand: Cursors. NQ
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}
Result In the draganddrop mode, the mouse cursor looks likéginting
hand or , out s i a@peohibitbnsignf or m, | i ke
Comments

1. TheGiveFeedbaavent of theFormclass isprovidedto change them
pearance of the cursor the draganddrop mode. You can determine tha-cu
rent drag effect in this event handler using ¢lEffecproperty. Depending on
the effect, you can set timew cursor, but before that you must disable thse di
play of standardiraganddrop cursors by setting the.UseDefaultCursprsp-
erty tofalse Therequired cursor must be assigned toGherenstatic property
of theCursoclass.

2. The .NET help system says that (arsor.Currestatic property allows
to determine and change the current cursor. This is only partly true. Indeed,
calling this prgerty allows to find out how the cursor looks at a given time in
the application. However, you can change the appearance of the cursor using
the Cursor.Curreptoperty only in theMouseMovevent handler. If you assign
anew value to the&Cursor.Curreptoperty elsewhere in the program, then this
valuewill be replaced with the default vales soon as thklouseMovevent
occurs in the program. For this reason, this property is rarely used, although the
Cursor.Currepitoperty should be changed in {Ge/é-eedBac&vent handler.

10.7. Information about the current state of the program.
Buttons with images

Place théuttonbn FormlspecifyThe zoo isclosedas itstitle (that is, the
Textproperty) and adjust the position of the button in accordance with(g). 1

o5 Zoo E@

Bear | Wolf Fax Hare

|J The zoo is closed |

Fig. 10.3. The finalview of Form1

For greater clarity, add a small image to the left of the buitien This im-
age(like the buttortitle) will depend on the current state of the program.

You can download th¥isual Studio Image Library from Microsoft site
(web link https://www.microsoft.comgétownload/details.aspx?id=B58U%s
collection contains images for buttons associated with various actions. We will
use theVisual Studio 2012 Image Library. After downloading thé/S2012
Image Library .zip file with the collection archive, you just need to unzip it.
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A feature of theVisual Studio 2012 Image Librarycollection is that it b
S0 contains a set of pictures for the vers?®i0 of Visual Studio (this set is
contained in the - archive - x suodirectory). The pictures in the 2010 set are
less abstract and more descriptive.

In our project, we will use th&rror.omp {# and GoLtrHS.bmp J
files located in thex - archive - x\Objects - VS2012bmp_format\Office and
VS subdirectory. To simplify action® connect these files to the project, it is
advisable to copy the files to the project directory.

Add anlimageListontrol (hamedimageLisjto the form This controlis in-
tendedto hold a set of uniformly sized images. To add Ereor.omp and
GoLtrHS.b mp images to thémagelListdontrol follow these steps:

T select thelmagesproperty in theProperties window of theimageListl

controland click the buttor--| nearthis property;

1 in thelmages Collection Editor window that appearsn screenclick
the Add button and select thError.bmp file in the Open window that
appears (as a result, taeror.omp file will be added to thémage<adl-
lection);

1 add theGoLtrHS.bmp image to the collection using the same actions
and then close thBnages Collection Editor window by clicking the
OK buttonor pressingtie Enter key.

Configure the rest of the required properties ofithageListand buttonl

controk (when setting thémageAligproperty of thebuttonicontrol select the
square located in thaiddle- left cornerin the panel that appears)

Properties
imagelListl: TransparentColor =  Magenta
buttonl:ForeColor = RedlmageList= imageListl,

ImageKey =Error bmp, ImageAlign = MiddleLeft
Modify thelabell MouseDomethodby addng the followingstatements:
string s="",
for (inti=1;i<=4;i++)
{
if (Controls["label" + i].Visible)
/I at least one of the animal is free
return ;
s = s + (Controls["textBox" + i].Text);
}
if (s =="")
/I all cages are empty
return ;
buttonl.Text=" The zoo is open ";
buttonl.ForeColor = Color.Green:;
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button 1. ImageKey=" GoLtrHS bm{j;

Result If all labels on the form have disappeared and at leastesh®&ox
contains text (the name of some animé#hen the button displays the tdke
Zoo is openand the color of theuiton changes from red to green (€&mm-
ments 1 and 2).

Remark. The new version of thiabell MouseDowrethod usethe Can-
trolscollection property of the form to iterate oadl labels andill text boes

Disadvantage Draggingalabel ontobuttonTau®s the label tbhecome m-
visible since it is overlapped by the button

Correction. Set theAllowDroproperty ofbuttonto True andconnectthe
Forml_ DragEntemndler to the buttds DragEntezvent.

Result Now, when you try to drag@ label ontobuttonlnothing happens:
the label remains in the same place Gemment 3).

Comments

1. Pay attention to th€ransparentColmmoperty of thedmageListontrol In
a bmpimage intended to be placed on button, one of the colors (usually very
bright and therefa not usg) plays the roleof anindicator of a transparent
color: this color marks those fragments of the image through whicbathizol
containing tis image shouldoe visible In theVisual Studio 2010 ImageiL
brary, the colormagena (R=255, G=0, B=255 is usedas thisindicator of
atransparent colofin the KnownCol@numerationthis color is represented by
two synonym elementdvlagentand Fuchsip If the TransparentColaroperty
is left at the default valu@ransparentthenexcesamagentafragments will be
displayed on the edges of timages

2. To indicate which image from tHmageListet should be connected to
the control you can use not only tHenageKegtring property containing the
name of the image (as in the last statenienihe modified labell _MouseDown
method, but also thdmagelndetegerproperty containing thendex of the
image in the set (elements are indexed from 0). So, you could connect the
GoLtrHS.bmp imageto buttonlising thebuttonl.lImagelmdexstatementin-
dicesare convenient to use when connecting different images to seweral
trols in a loop.

3. The noteddisadvantagés due to the fact that by default thdlowDrop
property of the button is equal Ealseand therefore the button ilsvisible for
the draganddrop mode. Note that simply changing the value ofAhewDrop
property toTrue is not enoughin this case, the button will behave like an |
valid target and therefore the label released over the buttondishppear
from the form, since thiis the action that our program performs when we try
to release the source over an invaldget(see Section@4). Connectingthe
buttorts DragEnteevent to theForm1l_ DragEnteandler solves the problem,
since in this casethe button becomes a wéliargetwith the Move effect, at-
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houghit does nothingwhen the source is released ove(sihce there is no
DragDropvent handler associated with the button).

10.8. Restoring the initial state

Define handlers for thkoadevent forFormland theClickeventfor buttonl
Forml.Load and button1.Click handlers
private void Form1_Load(object sender, EventArgs e)
{
for (inti=1;i<=4;i++)
Controls["label" + i].Location =
Controls["textBox" + i].Location -
new Size(0, textBox1.Top [/ 2);
ActiveControl = button1;

}

private void buttonl_Click(object sender, EventArgs e)
{
Forml_Load(this, null);
for (inti=1;i<=4;i++)
{
Controls["label" + i].Visible = true;
Control ¢ = Controls["textBox" + iJ;

c.Text=""
c.Tag= 0;
}
buttonl.Text=" The zoois closed":

button1.ForeColor = Color.Red;

buttonl.ImageKey = "Errorbmp";
}

Result The initial position of the labelSanimal® is now determined pr
grammatically, namely, in thieoadevent handler of the form (thalels ared-
cated above the corresponditext boxesand aligned to their left border). u
ther, when you predsuttonltheinitial position of thefianimal® is restored and
the i ¢ a gaeegabeased. In addition, when the program startsbuktenlbe-
comes active, which results in a red border around it (the color of the border
around the active button is determined byRbeeColarolor of its caption).

Remark. In thesemethods, thetemsfrom the Controlollection are not
cast to their actual typddbelor TextBox This is not necessary, since all the
control propertiesusedin these methods are alreadiyfinedin the Controtlass
which isthe common ancestasf all visualcontrok (recall thatthe Controlgd-
lection returns elements Gontrotype).
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Comment

TheLoadevent of a form occurs only onater the fornds constructofin-
ishesbut before the form is displayed on the screen. This event is especially
useful if situations are possible when, after starting the program, instead of di
playing the form, you need to display an error message and immediately term
nate the program (here is an example of such a situation: the demo program
found that therial time hasexpired; see also Secti@3.5). Althoughsuchsit-
uations can be detected alreadythe fornts constructor, you cannot call the
Closemethod from the fori@ constructosincethis will result in a rusime &-
ror. In order to correctly terminate the program before the form appears on the
screen, you should call tlidosemethod in thd.oadevent handler.

It also makes sense to place a piece of code that performs some initializing
actions in the_oadevent handler (not in the fodconstructor) if the program
may need toepeat thesanitializing actions in the futureln such a situatn, it
is sufficient to explicitly call theLoadevent handler, as is done in thd-
tonl_ Clicknethod.
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11. Cursors and icons: CURSORS project

The CURSORS project introduces the use of cursbesQursoandCursors
classes) and iconshg Iconclass) n an application. It also provides an introeu
tion to generics and how to embed graphreaburcesnto an application. Also
we considetthe Notifylcoaontrol for working with the traybar of thevindows
taskbar.

11.1. Using standard cursors

After creating theCURSORS project, place the buttmamedbuttonllon
Formland configure the properties of the form and the added bw&mn dlso
Fig. 11.1):

Properties
Forml: Text = Cursors and Icons , MaximizeBox = False,
FormBorderStyle = FixedSingle , StartPosition = CenterScreen

buttonl: Text = Default

g’ Cursors and Icons | B (]
0

Default

T
I

000
OO0

Fig.11.1. Form1 view at the initial stage of development

Add two field delarationsto the beginning of thEormXlass delaration
private List<string> str = new List<string>(30);
private List<Cursor>cur =new L ist<Cursor>(30);
Add newstatemert to the constructor of tHeormXlass
public Forni()
{
InitializeComponent ();
foreach (System.Reflection.Propertylnfo pi in
typeof(Cursors).GetProperties())
{
strAdd(pi.Name);
curAdd((Cursor)pi.GetV alue(null, null));

}
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button1.Tag = str.IndexOf("Default");
}
Define an event handler for tihdouseDowevent forbuttonl
button1l.MouseDown handler
private void button1l_MouseDown(object sender, MouseEventArgs e)
{
int k = (int)button1.Tag,
c = st r.Count;
switch (e.Button)
{
case MouseButtons Left:
k=(k+ 1) % c; break;
case MouseButtons.Right:
k=(k - 1+c)%c;break;

}

buttonl.Text = str[k];

button1.Cursor = cur[k];

buttonl.Tag = k;

}

Result Clicking on theDefault button changes the cursor for this button;
this action alsochanges the button title to the name of the current cudbr.
28 standard cursorare selectedyclically; the order of cursors corresponds to
the order of their gsition in the dropdown list for the Cursomproperty in the
Properties window. When you press not the leftouse buttonbut the right
mouse button, the cursors aedectedn reverse order.

Comments

1. All standard cursors can be accessed usingthisorglass, which has
aspecial reaebnly property for each standard cursor. Tharsorglass lacks
the facility to loop through the standard cursors or to retrieve their names.
Therefore, in the constructor of the form, wreatetwo collectionsof the ge-
neric List<T=ype: thestrcollection, which contains theamesof all the stad-
ard cursors, and thaurcollection, which contains theursorsthemselves (that
Is, objects ofCursotype). Collections aréormedusing thereflection meca-
nismapplied to theCursorglass. Theeflection mechanism is not considered
in detail inthis book (you can familiarize yourself with it, for example, in
[3, Chapter19]); we only note that it defines an array Pfopertylnfobjects,
each of which contains information about a property ofGhesorglass, and
then theforeachoop iterates over these objects and extracts information about
the names and values of the corresponding properties Guilserslass.

2. With the generic classes introduced in .NET 2.0, you can easily create
typed ollections (such asthe List<T>class)defined in theSystem.Collections.
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Genericmamespace. When daring collections ofList<T>ype, you mustm-
mediately specify the typ€of their elements. In our program, tiecollection
Is declared asList<strg that is, it is intended for storirggring elements, and
the cur collection is delared asList<Cursorand is intended for storing esl
ments ofCursotype.

In earlier versions of .NET, you could only use collections that wemne co
sidered to be objects# the basebjectype (an example of such a collection is
the ArrayListlass defined in th8ystem.Collectiamsmespace). The use of such
collections was potentially dangerous, since errors related to mismatch of type
of elements added the collectiomm could be detected only at the stage of iappl
cation execution. In addition, using such collections was inconvenient, since
when accessing their elements, it was requiredxylicitly convertthe ek-
ments to the required typ&eneric collectiongare moe reliable (they cannot
contain data whose type differs from the type of collection elements, since e
rors of this kind are detected already at the compilation stage) and are more
convenient to usesincewhen accessing collection elements, there is nd nee
to perform type conversionChapter7 of the book 8] is devoted to a detailed
examination of genars; see als&hapter9in [2].

3. We savehe index of the cursor associated wbtittonin the Tagprop-
erty of this button. Any visuatontrol has theTagproperty; it can be used to
store some of its additional characteristfsse also Section 13). Since the
Tagproperty is ofobjectype, it can be assigned a value of any typmvever,
when reading its value, you must perform an explicit conversiadhe actual
type of the object it contains (in our case, toittigype). The last statement in
the fornmts constructor sets theagproperty ofbuttonto the index of the el
ment in thecurcollection that corresponds to the default cursor.

4. In thebuttonl MouseDowethod, looping through the indices in the
range from O ta@ (wherec = str.Counfl andstr.Count equal to the number of
elements contained in tisércollection) is performed using tl8é operator(that
Is, taking modulaperator or taking remainderoperatoy. An additional ternt
in the expressiofk- 1 + ¢)% bas been added so that the expression impare
thesesever takes negative values

5. To handle clicks obuttonlthe MouseDoweventis used, since th€lick
event of theButtoncontrol reacts only to théeft mouse button (for othezon-
trols, the situation may be differerfor example, theClickevent of thelLabel
controlreacts to a click of any mouse butiosee Setton 7.3).

11.2. Setting the cursor for a form and waiting mode indication

Place three new buttorflsutton2button3buttonon Formland set th@ ext
properties of these buttons to thkerm Cursor, Wait Cursor, and Default
Form Cursor, respectively (Figll.2).
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o5 Cursors and Icons | = ” (=] ”ﬁ|
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Fig.11.2. Form1 view at an intermediate stagelevelopment

Define event handlers for ti@ickevent for the added buttans
button2.Click, button3.Click, and button4.Click handlers
private void button2_Click(object sender, EventArgs e)

{ Cursor = button1.Cursor,;

Lrivate void button3_Click(object sender, EventArgs e)
{ UseWaitCursor = true;

i)rivate void button4_Click(object sender, EventArgs e)

{

UseWaitCursor = false;
Cursor = Cursors.Default;
}

Result Clicking the Form Cursor button propagates the action of the new
cursor to the entireofm including the buttons on i€licking the Wait Cursor
button sets thevait cursor (usually looking as hourglaskr the entire form and
its controk. Clicking theDefault Form Cursor button cancels the wait cursor
and restores the default cursor fbe tform (but not for the first button whose
cursor still matches the name given in its title).

Comments

1. If theCursoproperty of the visuatontrolis nullor has theCursors.Default
value, then the cursor type for tluentrolis determined by itparent control
(in our casethe form); for a form, the type of cursor with thigefaulvalue is
determined by theperating systenThat is why when changing the cursor for
a form, the cursor automatically changes batton2button3and button4out-
tons whoseCursoproperty is equal t@efault

2. Boolean propertyseWaitCursisravailable for any visuaontrol If the
UseWaitCursproperty of anycontrolis set equal térue then the current cu
sor of thiscontroland all its childcontrols will be replaced with a wait cursor
(hourglass).
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11.3. Connecting new cursors to the project and saving them
as embedded resources

In addition to standard cursors, you can aseercursors in the program.
Cursor files have thecur extension; they can be found, for exae, in the
Cursors subdirectory of the Windows directory. It should be noted that anima
ed cursors (files with theni extension) cannot be usedtire Windows Forms
applications and colored cursors are display@simonochrome when used in
such applicaons. The icon of any cufile corresponds to the image of thecu
sor contained in that file; this allows you to quickly familiarize yourself with the
contents of cufiles using theExplorer or My Computer applications.
Select any two cufiles containirg monochrome cursors and copy them |
to the CURSORS project directory under the na@ksur andC2.cur.
ExecutethePr oj ect | A d d ménhy cosirhainch lgp the diagné
box that appears, enter the name of@ecur file (you can do this directly in
the text box you can also specify th&ll Files option in the drogdown list of
file typesand select th€1.cur file from the list of all files contained in tha-d
rectory). Press the Enter key or thdd button. This will add th&1.cur file to
the CURSOR project, as you can verify by looking at tBelution Explorer
window.
Select theC1l.cur file in the Solution Explorer window; this will display
its properties in th@roperties window. Set théBuild Actigproperty toEmbed-
ded Resourceno other propeigs need to be changed.
Add theC2.cur file to the project in the same way and setBitsld Action
property.
Add newstatemert to the constructor of tHeormXlass
for (inti=1;i<=2;i++)
{

strAdd("C" +i);

curAdd(new Cursor(GetType(), "C" + i+ "cur"));
}

Result When creating a form, new cursors are loaded into the program and
added to the list of available cursors under the nadieand C2. Further they
are processed in the same way as stanasbrs(see Section$l.1 and11.2).

It shauld be emphasized that the images of these cursors are located directly in
the CURSORS.exeexecutable file.

Comments

1. To load the cursor from the application resourcegrsianof the Cursor
class constructor with two parametéssused the first paraneterusually has
the formGetType(and the seconspecifiesthe name of the correspondingt r
source. You can also load the cursor directly from thdirthe correspod-
ing constructor of th&€ursorclasshasone parametewhich isthe file name (if
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the cufrfile is contained in the working directory of the application, then the
path to the file can be omitted).

2. The Visual Studio environment has binlttools to create new cursors
and edit existing ones. To create a new cursor (and immedmtelyt to the
current project), jusexecutethePr oj e ct | A dntknubbenmand. t e mé
In the window that appears, specify the type of the new elerGemsdr file)
and its name, then press the Enter key orAtié button. A emplatefor the
monochrome cursawith the specified name will be created and loadedemm
diately into the environment editor.

You can edit the cursor image using various tedi®seshortkeybuttons
are displayed on thBnage Editor toolbar To select the color of lines and
background, tb Colors window is usedthe button for displayinghe Colors
windowis located at the left border of the Visual Studio windbwthe Colors
window, the color of the lines is selected with the left mouse button, thHe bac
groundis selectedvith the rightmouse buttonln addition to blaclandwhite
patterns that simulate shades of gray, you can select two special colors: green
(corresponds to thigansparentpart of the cursor) and pink (corresponds to the
part of the cursor, under which the colors willibeerted.

For the created cursor, you need to specifyhibtespot, that is, the pixel
that determines the position of the cursor on the screen (for example, in the
case of a standard arrow cursor,hitg spotis the arrowhead). Thieot spotis
defined sing theSet Hot Spot Toolbutton “k on thelmage Editor toolbatr:

In addition, the coordinates of tiet spotare specified (and can be changed)
in the Properties window.

To edit an existing cursor connected to the project, just dalicle on its
name inthe Solution Explorer window; as a result, the selected cursor will be
loaded into themageeditor.

11.4. Working with icons

Small images callectonsare stored in files with théco extensionMany
ico-files are contained in théisual Studio Image Library (see Section 10.7);
alsoit is easy to find icdiles on your computeaind on the internet.he icon for
an icofile, like the icon for a cufile, corresponds to the image it contains.

Adding existing icefiles to the project is similar to adding €files. The
following steps assume that ti@®mputer.ico and Folder.ico files have been
added to the project (in thésual Studio 2012Image Library, they are loca
ed, for instancejn the x--archive--x\Objects - VS2012ico_format\WinVista
subdirectory). As wh curfiles, after adding the icble to the project, set its
Biuld Actigoroperty toEmbedded Resource

Placea new button (nameduttonpbon the form and set itBextproperty to
Icon 0. Add the delarationof theicoarray to the beginning of tHeEom1class
declaration
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private Icon[] ico = newlcon][3];

Add newstatemerg to the constructor ¢form1
button5.Tag = 0;
ico[1] = new Icon(GetType(), "Computer.ico");
ico[2] = new Icon(GetType(), "Folder.ico");
ico[0] = Icon;

Define an event handler fordiClickevent forbutton5

button5.Click handler
private void button5_Click(object sender, EventArgs e)
{

int k = ((int)button5.Tag + 1) % 3;

button5.Text = "lcon " + k;

button5.Tag = k;

Icon = ico[Kk];

}

Result The newlcon 0 button tvanges the an of the form both in its title
and on its button located on tiéndowstaskbar. Icon numbered O corresponds
to theinitial default iconof the form The program uses a fixeszeicoarray to
store three icons.

Comments

1. The new fragments of the pr@gn codeshow that working with icons
requiresthe same techniques as working with cursors; you just need to use the
Iconclass and th&conproperty of the form. You can also download the icen d
rectly from the icefile; for this, thelconclass provides aonstructor with one
parametespecifyingthe file name.

2. The icon can be associated not only with the form, but also wittpthe a
plication itself; however, the application icon is used only when theeeorr
sponding exdile is displayed inExplorer or similar file browsers that support
the display of icons. To set the application icon, open the tab with projget pro
erties in theVisual Studioeditor using thdProject | <project name Proper-

t i emediu command ancekectthe requiredicon from the Icon drop-down
list located in théApplication section.

11.5. Placing an icon of application in the notification area

Placea newbutton famedbuttonbon the form, as well asMotifylconon-
trol (this control will be namednotifylcor)l and set their propertiesge ao
Fig. 11.3):

Properties
button6: Text =  Show Tray Icon
notifylconl: Text = Icon in Traybar ,Visible = False
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Fig. 11.3. The finalview of Form1

Note that theéNotifylconontrolis not a visuatontrol sq when you add it to
a form, it is placed in a sgial area of nowisual controk located below the
form.

In the constructor of thEormXklass,modify the last statement as follows:

notifylcon 1.lcon = ico[0] = Icon;

In thebutton5_ Clickethod modify the last statement as well:

notifylconl.con = Icon =ico[k];

Definethe Clickevent handler fobutton6

private void button6_Click(object sender, EventArgs e)
{

bool b = button6.Text == "Show Tray Icon";

notifylconl.Visible = b;

ShowlInTaskbar = Ib;

button6.Text = b ? "Hide Tray Icon" : "Show Tray lcon";

}

Result Clicking buttonthides the form button on th&indowstaskbar and
displays its icon in the notification arefafybar) on the right side of th&Vin-
dows taskbar. When youmove the mouse cursaver this icon, thdcon in
Traybar tooltip apears. Pressingutton@gain restores thaitial form button
on theWindowstaskbar.

Comments

1. Statementghanged in the constructor of tRermiclass and in théu-
ton5_Clicknethod are of the formariablel = variable2 = expresiiatemerd
of this kind allow you to simultaneously assign the specified expression to all
the variables located before it. This possibility is due to the fact that am-assig
ment operadr of the formv =exprnot only assigns the value of the expression
exprto the variake v, but alsoreturns the assigned valukn addition, it should
be taken into accounthat if there are several assignment opargtthey are
performed from right to left, that is, in the notatian= b = ,cparentheseare
implicitly placed as followsa = (b = c)

2. Typically, the notification area contains icons for applications running in
the backgrounanodeand using windows only tehowand change their te
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tings. In addition to tooltips that appear when the cursaonasedover the
icon, theNotiylcorncontrolallows you to display anessage in theatioon near
the icon (using th&howBalloonTapethod and related propertiBalloonTiplcon
BalloonTipTitIBalloonTipTexiThe Notifylcosontrol can also display context
menuusing the right maose button the ContextMenuStpoperty; working
with contextmenus is described in SectibhA.3). The notification area icon can
also respond to mouse events; to fhuspose the Notifylconcontrol provides
a number of events includir@ickandDbIClik
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12. Menus and processing of text files:
TEXTEDIT1 project

The TEXTEDIT1 project is the first in a series of projeoifatedto the k-
velopment of a fully functional text editor. This project describes the creation
and configuration of the main appli menu (theMenuStripontro) and m-
plements the basic actions with text files (creating, saving, loading, as well as
displaying a request to save changes). The features of the diafdgpk
SaveFileDial@nd OpenFileDial@nd the multline versio of the TextBoxon-
trol are considered.

12.1. Menu creation

After creating the EXTEDIT1 project, place théMenuStrignd TextBox
controk on Form1(the addedcontrok will be namedmenuStripand textBox)L
and set properties of the form and the adu®urok:

Properties
Formi: Text = Text Editor , StartPosition = CenterScreen
textBox1l:Text = empty string , Multiline = True,Dock = Fill

Note that theMenuStripnd TextBoxontrok shouldbe placed on the form
in the specified orderotherwise(if you first placethe TextBoxcontrol on the
form), in some early versions of the Windows Forms librémg, top of thetext
box may be hidden under the menu bar. However, such a mistake can be easily
fixed: it is enough tesendthe MenuStripontrol to the back using th8end to
Back button of theLayout panel(this panelcan be displayed on the screes u
ing the menu commandiew | Toolbars | Layoul.

To create a menu idesignmode, themenudesignerns used, which is aet
vated when thanenuStriptontrol is selected. Irthe text box with the Type
Here text, input the name of the created menu item. Afpeessingthe Enter
key, a new item will be created in the mehuaddition, new text boxes with the
Type Here text will appear next to and below the created item, allgwiou to
createnew menu items of the first or second levekéFig. 12.1; this figure
shows the menu items that will be added Jatéthen a created menu item & s
lected, theProperties window displays the properties of this item.

EachMenuStriggem is a ToolStripMenulterhject. The name of the menu
item (unlike the names of otheontrok placed on the for)ris obtained not by
adding & ordernumber to the type name (for exampéel), but by aldingthe
name of the menutem to the left of the type name, for example,
fileToolStripMenulteks a result, very long names are obtained, so immediately
after creating a menu item, it is advisable to change the name of the item by
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specifying the new value of itNameproperty. Note that th&lameproperty is
located in theProperties window at the top of the property liahd itstitle is
enclosed irparenthesegName).

a2 Text Editor = EoR "
| MNew Ctrl+MN »

Open.. Ctrl+0

Save Ctrl+S

Save As.. F12

Exit Alt+F4

Figure: 2.1. Form1 viewwith the menu designer

In order to make theelaion between the menu item and its name clearer,
we will use asthe menu itermame thetext of this itemtyped with a small le
ter and supplemented with the number 1 (for example, foiFileeitem, we
specify the flelnamg. The numberallows us to avoid possible conflicts with
the key words of C#; in addition, we Wl further associate someommands not
only with menu items$ut alsowith shortcutbuttonsor context menu itemgor
the namesof these controlsit will be convenient to use the name of the same
command supplemented with a different number (see Seddddandl5.1).

Create a firstevel &File menu item in thenenuStripéontrol and use the
Properties window to change the name of this item (that is,Nlaeneproperty)
to filel In the dropdown menu associated withe File menu item createfour
itemswith thefollowing text: &New, &Open, &Save, Save &As Then create
an itemwith the text- (dash; thisitemwill be converted to a horizontaépama-
tor. Below theseparatoy create another menu item with tB&xit text. Set the
properties of the added me itemsas follows (note that the values for the
ShortcutKeymroperty are easier and fasterimput directly from the keyboard
than using thelrop-down lis:

New (the Hle group):Name = newl] ShortcutKeys = Ctrl+N

pen (the Fle group):Name =  openl ShortcutKeys = Ctrl+O

Save (the Fle group):Name = savel, ShortcutKeys = Ctrl+S

Save As (the File group):Name = saveAs]l ShortcutKeys = F12

Exit (the  Hle group):Name = exitl , Shortcutkeys = At+F4
The final view of theFile group menu is shown in Fig2.1.
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Usingthe menuwlesigneyyou can also define handlers for events associated
with the selected menu iterselectthe exitlmenu item and definéhe Click
event handler for it

exitl.Click handler
private void exitl Click(object sender, EventArgs e)

{
Close();

}

To exit the menwesignerit is enough to select the form itself or some of
its othercontrok.

Result Dueto theFill value of theDockproperty of thetextBoxXontrol
the edit area is automatically resized when the window is resizedprbigram
has a menwith items thatan be called using the mousaprtcutkeys (Ctrl+N,
F12, etc.), as well as with using tkey combinationAlt+underlined letter in
the itemtext (if the secondevel menu is expanded, theo select a item, just
press the key corresponding to the underlined character itethéext without
pressing the Alt key). ThExit command closes the application, titeermenu
commands do not perform any action yet.

Remark. When starting the program, thext of the firstlevel menu items
may notcontainunderscores. In this case, press the Alt key and, withousrelea
ing it, wait for the underscore characters to appten press the key cen
sponding to the underlined charactAlso note that you can simply press the
F10or Alt key to go to the menu.

Comments

1. Exit from the program by pressing the Alt+kdy combination isper-
formedautomatically, so thers no need to explicitly specify thehortcutkey
for the Exit command. However, such aption increases the clayitof the
program, since iprovides thalisplayof the shortcutkey namenext tothe ca-
responding menu item.

2. Although themenuStripgontrolis a descendant of tH@ontrotlassand
thereforeis a visualkcontrol it is located not on the form designmode but in
the areabelowit (recall that this area imtended for placement aefontvisual
controks). At the same time, the menu thlaé menuStripdontrol defines is -
played on the form. You can seleébe MenuStripontrol by clicking either on
its image in the area obnvisual controk or on the image of the menu in the
form (outside the existing menu items, sineten you click on a menu item,
this item is selectednstead of themenuStripkontrol itself). When the
MenuStrigontrol is selectd, its properties are displayed in tReoperties
window.

3. TheMenusStripgontrol appearedn version 2.0 of the .NET Framework
library. Unlike its predecessor, tidainMenwontrol which was an object
wrapper for theWindowstraditional menu, th&lenuS8ipcontrolis not assae
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ated with thewindows menu and is & u s wiaualgontrol This allows, in
partiaular, to dock theMenuStrigontrol to any window border angdrovides
more flexible customization of the meBuappearancéor example,you can
changeits font by simply setting thEontproperty, whichs not possible for the
MainMenuwcontrol). Items of the MenuStripmenu (which are objects of
ToolStripMenultagpe) have a richer set of properties than the items of the
floldo MainMenaontrol In paticular, they have th&agproperty, as well as the
Imageproperty, whichprovides adding@nicon to the textof amenu item. For
these reasons, the ditainMenaontrolhas been removed from the listamin-
trols in theToolbox window, moreover, this conbl is not available in .NET
Core 3.1 and later versions.

12.2. Saving text to a file

Add a nonvisual control of SaveFileDialdgpe (namedsaveFileDialogtb
Formythis controlwill be placed in the nomisual controlarea below the form
image. Set the propges of the addedontrol (seeCommentl for the DefaultExt
andFiltemproperties)

Properties
saveFileDialogl: DefaultExt = txt ,Title = Savefile

Filter =  Text files|*.txt

At the beginning of thé&-orm1l.csfile, insertthe directive for introducing
thenamespace farlasses related to tiiée input-output

using System|O;

In the constructor of theormXlass, add a statement:

saveFileDialog 1. InitialDirectory =

Directory . GetCurrentDirectory ();

Add a newSaveToFilmethod to thé&-ormXlass

private void SaveToFile(string path)

{
File WriteAllText(path, textBox1.Text);

}

Define theClickevent handlers for threaveAsandsavelmenu items
saveAs1.Click and savel.Click handlers
private void saveAsl_Click(object sender, EventArgs e)

{
if (saveFile Dialogl.ShowDialog() == DialogResult.OK)

{
string path =saveFileDialogl.FileName;
SaveToFile(path);
Text = "Text Editor - " + Path.GetFileName(path);

}
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}

private void savel_ Click(object sender, EventArgs e)
{
string path = saveFileDialog  1.FileName;
if (path =="")
saveAsl Click(saveAsl, null);
else
SaveToFile(path);
}

Result When theSave As..command is executed, tisave filedialog box
appears (the programworking directory is selected as the initial directfany
file saving) If you specify a file name in the dialog box arlitk the Savebut-
ton orpressthe Enter keythenthe textfrom the editor will be saved in this file,
and the file name will appear in the titar of the program window. By default,
the file nane is supplied with thetxt extension. When executing tt&ave
command, the file name is not prompted, unless the text has not yet been saved.

When you exit theSavefile dialog box byclicking the Cancel button or
pressingthe Esc key, the text is not sal/to the file. When you try to save the
text under the name of an existing file, you are prompted to confirm this action.
If you specify a directory that does not exist, a warning message is displayed,
but the dialog box does not close and the error easolrected immediately.

Comments

1. To display on the screenstandard dialogbox associatedwith the
SaveFileDialagpntrol (or the OpenFileDialagpntrol which will be considered
later), you must call th&howDialogpethod of thiscontrol If the diala boxis
closed by the Save button (for SaveFileDialpgr by the Open button (for
OpenFileDialpghen the ShowDialognethod returndialogResult.Céhd the
name of the selected file is saved in fieeNameroperty. If the dialog is
closed by the Cancd button, then the ShowDialogmethod returns
DialogResult.Candgbte thatall forms havethe ShowDialomethod (see $e
tions5.1and 5.4.

Of the frequently used properties of tBavé&-ileDialognd OpeifrileDialog
controk, notethe following:

1 DefauExt(the default file extension; the dot at the beginning of thenexte
sion is not indicated)

1 Filter(filters for files displayed in the dialolgox; for each filter, its d-
scription is first indicated and then, after the vertical |ptre filter itset indi-
catedas a list of file masks separated by semicolons; the syhalsd sep-
rates filters from each othey)

1 InitialDirectorfthe initial directory displayed when the dialdpx is
opened).
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2. The name of the current file is saved in #sreRdDialogl.FileName
property. TheGetFileNanmethod of thePathclass extracts the name and e
tension from the full file name (the drive and path are discarded).

3. To write data to a text file, we use theiteAllTertethod of thd-ileclass
from theSysem.Ihamespace. When storing text, it takes into account all end
of-line markers. The first parameter specifiesftliename the second param
ter specifies the saved text. TiriteAllTexhethod can have a third, optional
parameter that specifies tieacodingin which the text is stored in the file. If
this parameter is not specified, then U Encoding is used.

4. To automatically handlermrsrelated to an attempt to overwrite ax e
isting file and an attempt to specify a nonexistent directoryOtteewrite Prompt
and CheckPathExigtsoperties of thesaveFileDialogbntrol must be set to
True (this is their default value).

5. Despite the reor control provided by the dialolgox, when saving a file
(as well as opening it, which will be implementedtie next section), many
various error situationsmay occur. For theirhandling it is strongly recan-
mendedthat you usehe tryi catchstatemen{see Chapter 3)n this and sules
guent projectswe do not use thry catchstatemenjust because we do not
want toincreasdhe size of the program caode

Disadvantage When the file is subsequently saved by 8s/e Ascom-
mand, theull pathto this file is displayed in the dialog box, which complicates
its editing.Note that in standard programs, dialog bomesger display full fie-
names.

Correction. Add the following statement to the beginning of the
saveAsl Cliokethod:

saveFileDialogl FileName =

Path.GetFileName(saveFileDialogl.FileName);

Result Now the dialog box displays only the name and extensicimeof
previously saved file.

Error . After the correction was made, the program does not work correctly
if the Save filedialog was called and the user closed it without selecting the file.
In this situation, the short file name (without the file path) igedain the
saveFileDialogl.FileNgmeperty, and therefore, when tl8&ave command is
subsequently executed (in which the dialog box is not displayed), the file is
saved not in its original directory, but in tberrentdirectoryof application

Correction. Modify the saveAs1_Cliokethod as follows:
private void saveAsl_Click(object sender, EventArgs e)
{
string oldPath = saveFileDialogl.FileName;
saveFileDialogl.FileName = Path.GetFileName(oldPath);
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if (saveFileDialogl.ShowDialog() == DialogResultOK)
{
string path =saveFileDialoglFileName;
SaveToFile(path);
Text = "Text Editor - " + PathGetFileName(path);
}
else
saveFileDialogl.FileName = oldPath

}
Result Now, the above error does not occur because when exiting the
saveAsl Clickethod, thesaveFileDialogl.FileNgqmmertyalwayscontains the
full name of the current file.

12.3. Clearing the editing area and opening an existing file

Add a nonvisual control of OpenFileDialagpe (namedoperfrileDialoglto
Formythis controlwill be placed in the nomisual controlarea below the form
imageg. Set the properties of the add=ahtrot

Properties
openFileDialogl: DefaultExt = txt ,FileName = empty stri ng,

Title = Open file , Filter =  Text files|*.txt

Modify the last statement in the constructor of BoemZXlass as follows:

openFileDialogl.InitialDirectory =

saveFileDialoglInitialDirectory =

Directory GetCurrentDirectory();

Define event handie for the Clickevent for thenewland openlmenu
items

newl.Click and openl.Click handlers
private void newl_Click(object sender, EventArgs e)
{

textBox1.Clear();

Text = "Text Editor";

saveFileDialogl.FileName ="";

}
private void openl_Click(obje ct sender, EventArgs e)
{
if (openFileDialogl.ShowDialog() == DialogResult.OK)
{

string path = openFileDialogl.FileName;
textBox1.Text = File.ReadAllText(path);
Text = "Text Editor - " + Path.GetFileName(path);
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saveFileDialogl.FileName = path;
openFileDialog 1. FileName = "";

}
}

Result When theNew command is executed, the editing area is cleared;
when theOpen...command is executed, tidpen file dialogbox appears allw-
ing you to select a file to load into the editor. The wagkitirectory of the -
plication is set as the starting directdoy the Open file dialog box. When you
try to open a nomxistent file, you receive a warning message, but the dialog
box does not close and you can correct the error immediately.

Remark. If the length ofatext linefrom the loaded filexcess the width of
the editing areathis lineis automatically wrapped to the next screen line (the
wrapping is performed afteme of the space characters).

Comments

1. In the newl Clicknethod, thesaveFiBialogl.FileNam@operty is
cleared. This indicates that the new document has not yet been saved to the file.
Clearing theopenFileDialogl.FileNamraperty in theopenl_ Click methoeb-
vents the name of an already loaded file from being displayed filthepen
dialogboxthe next time tis dialog boxis called

2. To read data from a text file, tiReadAllTexhethod of therileclass is
used, which reads the entire contents of the specified file into a stringeThe r
sulting string includegendof-line markers, which allows the read text to be
correctly split into separate lines when displayed inéReéBoxtontrol

When reading data, as well as writing it (see the previous section),mur pr
gram uses the default UT8encoding

3. For automatic handig of anerrorrelated to an attempt to read a non
existent file, theCheckFileExigisoperty of theopenFileDialogbntrol must be
True (this is its default value).

4. Setting theTitleproperty for theSaveFileDialand OpenFileDialampn-
trols is optonal. If this property is not set (that is, it is empty), theatitles of
the dialogboxesare defined by the Windows operating system

5. TheWordWraproperty of theTextBoxontrolis responsible for theua
tomatic wrap of long linesNrappingis perbrmed if this property i3rue (the
default valug. If you turn off automatic wrgpng by setting theWordWrap
property toFalse the trailing portion of long lines may not appear in the-edi
ing area In this situation, dorizontal scroll barmay be usefl; this scroll bar
can be added to BextBoxy setting itsScrollBarproperty toHorizontal. For
any value of th&VordWraproperty, it is also useful to addvartical scroll bar
to theTextBoxontrol (to add only a vertical bar, ticrollBarpropery should
be set toVertical; to add both scroll barst should be set tBoth). The only
inconveniencef the vertical bar for th&extBoxontrolis that it isalwaysdis-
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played on the screen (even if the loaded text doesxuatedhe visible editing
area).

12.4. Request to save changes

Add thefollowing statemento theSaveToFilmethod of thd=ormXlass
textBox 1. Modified = false ;
Add a newTextSavemhethod to thé&-ormXklass
private bool TextSaved()
{
if (textBox1.Modified)
switch (MessageBox.Show('Save changes in the document?”,
"Confirmation”, MessageBoxButtons.YesNoCancel,
MessageBoxlconQuestion))
{
case DialogResult.Yes:
savel_Click(this, null);
return ItextBox1.Modified;
case DialogResult.Cancel:
return false;

}

return true;
}
Modify thenewl Click methaslfollows:
private void newl_Click(object sender, EventArgs e)

{
if (TextSaved())

{
textBox1Clear();
Text = "Text Editor";
saveFileDialoglFileName ="";

}

}
Add anewstatemenat the beginning of thepenl_Cliakethod:

if (TextSaved))

In addition, define an event handler for FmrmClosirgyent forFormi
Forml1.FormClosing handler
private void Form1l_FormClosing(object sender,

FormClosingEventArgs e)

{

e. Caicel =! TextSaved);

}
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Result If changes have been made to the current text, an attempt to clear
the editor window with thé&New commandto open a new file with th®©pen
command, oto exit the program leads to a prompt asking whether to save the
changesWhen you clickthe Yes button the current text is saved under the-pr
vious namgif it has never been saved, its name is requested Bavefile dia-
log box). Changes are not saved when you ctlekNo button.When theCan-
cel button isclicked, the séected actionew, Open, or exiting the program) is
canceled and the user can continue editing the current text.

Comments

1. TheTextSavethethod uses thiklodifieghroperty of theextBoxtontrol
which is set tdrueif the text has been modifidaly the user. Note that any @-
grammatic changes to tAextproperty of thetextBoxXontrol set itsModified
property tofalse Saving text to a file does not change khedifieghroperty, so
a statement has been added taSheeToFilemethod to set thslodigdproperty
to false

2. TheTextSavetunction returndrueif the current text was saved to disk
or the user explicitly refused to save Hicking the No button If the Cancel
button is clickedthenthe function returnfalse(this means that the usemnts
to go back to editing the current text). Pay attention tethiement

return !textBox1 Modified:;

This statemenénsures the correct handling of the following situation: the
user has not previously saved the text in the file; when prompted tohsave t
text, the userselectedYes but exitedthe appearedSavefile dialog box by
clicking Cancel In this case, th&extSavetuinction will returnfalse which is
correct because torrespondshe Canceloption that the usdmally chose.
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13. Advanced menu options, color and font setting:
TEXTEDITZ2 project

The TEXTEDIT2 project continues a series of projeakatedto the devke
opment of a fully functional text editor. This project describes how to crdate a
vanced menu commands (checkboxes and radions)tsmd menu groujd the
third level. The implementation of commands for setting various font characte
istics and text alignment in the editorasnsideregwe discuss the correspdn
ing properties of thé&ontand TextBoxlassesAlso we consider th€dorDialog
andFontDialogonvisual controk that create standard dialbgxesfor color and
font setting.

13.1. Setting the font style (menu items as checkboxes)

The previously developedEXTEDIT1 project (seeChapter 2) should be
used as @aemplatefor the TEXTEDIT2 project. Copy the EXTEDIT1 project
to the new EXTEDIT2 directory and follow the steps required to rename the
project (see Section 1.1).

By following steps similar to those used to creatéle menu item and its
associated secorldvel menu itemgseeSedion 12.1), create a new firdevel
menu item with the text&ormat in themenusStripdontroland use th&roper-
ties window to change the name of this item (that isN&neproperty) tofar-
matl In thesecondevel menu associated withormat, createthreeitems with
text &Bold, &ltalic , &Underline and namdoold]italiclunderlineXespectie-
ly. Set the properties of the added menu itetakdg attention tohe Fontprope-
ty, for which you need to change one ofstdproperties:Bold Itali¢ or Unde-
ling:

Properties

Bold ( the Format group):Name = bold1l, Shortcutkeys = Ctrl+B,
FontBold = True

Italic ( the Format group):Name = italicl , Shortcutkeys = Ctrl+l ,

Fontltalic = True
Uhderline (  the Format group): Name = underlinel ,
ShortcutKeys = Ctrl+U, FontUnderline = True

The resulting menu is shown in Fig.1.
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o2 Text Editor = <
File
Bold Ctri+B
Ttalkc a1

Underiine Ctrl+U

Fig. 13.1. Form1 view at the initial stage of development

Definethe Clickevent handler for thboldimenu item and theconnectthe
created handler to the&alicland undelinelmenu itemClickevents ¢onnecting
existing handlers to menu item events is the sameoasectingto events of
usualcontrok1 see Seton 6.1).

bold1.Click handler
private void bold1_Click(object sender, EventArgs e)
{

ToolStripMenultem mi = sen der as ToolStripMenultem;

mi.Checked = !Imi.Checked;

FontStyle fs = textBox1.Font.Style;

fs = mi.Checked ? (fs | mi.Font.Style) : (fs & ~mi.Font.Style);

Font f = textBox1.Font;

textBox1.Font = new Font(f, fs);

f. Dispose();

}

Result Whencalling the menu itemadded to the menu, the corresponding
font style of characters in the editor is st follows bold for the Bold com-
maurd, italic for the Italic command,underlinedfor the Underline command
When theFormat menu is called, checkmarks aresplayednearthe menu
itemswith set styles as for the checkboxkgleed, each menu item related with
a font style works as eheckboxits first call sets the required font style and its
second call cancels this font styMote that the names ofedbemenu itemsare
displayed in the menu in thfent style that they configure (for example, the
name of théBold command is displayed in bold style).

Comments

1. The menu items haveGheckOnCligkoperty that allows, whenrmaenu

item is called to automatially switch its state fronenabledto disabled and
vice versaForsuch abehavior, this propertynust be seto True. By default,
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the CheckOnCligkoperty isFalse in this case, when th@enu itemis called

its statedoes not changandadditionalacions must be taken to change it. For
example, in théold1l_Cliakethod, thestatementmi.Checked!mi.Checkeger-
forms the required actiong/e use explicit changing the state of the menu item
because it will simplify the binding of formatting commandsshortcut bt
tons(see Sectioi5.2).

2. In order toprovidethe execution of all three commands using one ha
dler, we used the fact that the font style of thenuitem textcorresponds to
the style thaimust be added to or removed frahe set offont styles of the
textBoxXTontrol To add a requiredstyle (that is, an element of tlk@ntStyle
enumeration) to a set of stylese use theoperator| (bitwise OR), to remove
the style,we use theoperator& (bitwise AND) andthe operator~ (bitwise
NOT).

3. An additional problem is that the properties of an existing danhot be
changed Therefore, to change the font stylee have to create mewfont with
the specified style. In order for all other font properties to remain unchanged, it
Is convenient taisethe Fontclassconstructor specifically designed to change
the font style This constructor has two paramet€rss) its first parameter is
the existing fonf, the secongbarameteis the required styls. The generated
font has all the properties the fontf, with the exception of the style, which is
taken from the second parameter of the constructor. Recall that the old<font, a
ter creating a new one, should be destroyed by caligjsposenethod.

13.2. Setting text alignment (menu items as radio buttons)

Add new items tdhe secondevel menu associated with tHermat item
(see Section31). Firsty add an itemwith the text- (dash); this item will be
converted to a horizontakeparator Then addthree menu items with the text
&Left justify , C&enter, and &Right justify and set the properties for those
itemsas follows:

Properties

Left justify (the F ormat group): Name = leftJustifyl
ShortcutKeys = Ctrl+L , CheckState = Indeterminate

Genter (the F ormat group): Name = centerl, Shortcutkeys = Ctrl +E

Rght justify (the F ormat group): Name = rightJustifyl

Shortcutkeys = Ctrl+R

At the beginning of thd~ormiclass delaration add a delaration of the
new field:

private ToolStripMenultem alignitem;

Add newstatementso the constructor of theormXlass

alignitem = leftJustify1,;
leftJustifyl.Tag = HorizontalAlignment.Left;
centerl.Tag = HorizontalAlignment.Center;
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rightJustifyl.Tag = HorizontalAlignment.Right;

Definethe Clickevent handler for thieftJustifytnenu itemandthenconnect

the creatd handler to th€lickevent of thecenterhndrightJustifyhenu items.
leftJustify1.Click handler
private void leftJustifyl Click(object sender, EventArgs e)
{

ToolStripMenultem mi = sender as ToolStripMenultem;

if (mi.Checked) return;

alignitem. Checked = false;

alignitem = mi;

mi.CheckState = CheckState.Indeterminate;

textBox1.TextAlign = (HorizontalAlignment)mi.Tag;

}

Result Whencalling the menu itemsadded to the menu, the text alignment
in the editor is seds follows left alignment ér Left justify , centering forCen-
ter, right alignment forRight justify. When theFormat menu is called,
amarkq is displayed nar the command with the current alignment (as for the
selected radio button). Thus, taddedmenuitemsbehave like group d radio
buttons

Comments

1. To set anark { near a menu itenyou shouldset itsCheckStateroperty
to Indeterminate, but this action will not reset thmark near the previously
marked menu itemThe alignitenfield, which was addedb the Formiclass,
stores thecurrently marked menu itenf another alignment option is selected,
themarkis removed from the previously marked item, the new itemasked
and this item is stored in thaignitenfield (seethe leftJustifyl Cliokethod.
Note that theCheckedand CheckStateroperties are relatess follows Checked
is False when CheckStatbas theUncheckedvalue;for other CheckStateal-
ues theCheckegroperty isTrue.

2. In order toprovidethe execution of all three commands using one ha
dler, we usd theTagproperty For each menu itenthis property containthe
alignment valuegs some member diie HorizontalAlignmeniumeration) that
corresponds to #titem. Since only string values can be assigned tol Hte
property using th&roperties window, therequiredassignments are performed
in the forn@s constructor. In thieftJustifyl Cliekent handler, th&agproperty
of the executed command is assigned toTietAligproperty of thetextBox1
control Note that thelagproperties of thdeftlustifylrightJustifylandcenterl
menu items could baitialized bythe numbers 0, 1, and 2, since the eorr
sponding elements of thidorizontalAlignmemumeratiorhave such numeric
values butin this casdhe resulting code would be less descriptive

leftJustifyl.Tag = O;
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centerlTag = 2;
rightJustify 1.Tag=1;

13.3. Setting the color of symbols and background color (third-
level menu commands and the Color dialog box)

Add a nonvisual control of ColorDialotype (namedcolobialogilto Forml
(this controlwill be placed in the nerisualcontrolarea below the form image).
Add new items to the secoselvel menu associated with tleormat item
(see Sections B.1 and B.2): one moresplitter and amenu item with the
&Colors text. Then go to the thirkbvel mewu templateassociated with the
Colors menuitem and addwo menu items with the tex&Font color... and
&Background color... to it. Set thedNameproperty of the added menu items
Properties
Qlors (the F ormat group): Name = colorsl
Fn ms Db n(then Gottrs group):Name = fontColorl
B bj f gnt mc(thé @olors grozp): Name = backgroundColor1
Define theClickevent handlers for thHentColorandbackgroundColanenu
items
fontColorl.Click and backgroundColorl.Click handlers
private void fontColorl_Click( object sender, EventArgs e)
{
colorDialog1.Color = textBox1.ForeColor;
if (colorDialogl.ShowDialog() == DialogResult.OK)
textBox1.ForeColor = colorDialogl.Color;

}

private void backgroundColorl_Click(object sender, EventArgs e)
{

colorDialog1.Col or = textBox1.BackColor;

if (colorDialog1.ShowDialog() == DialogResult.OK)

textBox1.BackColor = colorDialogl.Color;
}

The resulting menu of thEormat group is shown in Fig. 32 (the last
item of this menu namegont... will be added in the next skan).

Result When the command from thHéolors menugroup is executed, the
Color dialog box is called, which allows you to set the color of symbols (the
Font color... command) or the background color (tBackground color...
command). When the dialdapx is displayed, the current color selected (ot
lined by framg. To set a new color, select it and clOK .

Remark. If somedialog box appears on the scre@uring executon of
amenu command, it i'scommendetb indicate an ellipsi§é é at the end of th
name of such a command (earlier in our program, ellipsis was used in the names
of the Open... and Save As...commands). The presence of an ellipsis in the
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command name means, in particular, that this command can be canceled after its
call if the associad dialog box is closed using ti@ancel button or the Esc
key.

o2 Text Editor =R
File | Format
Bold Ctri+B
Jtalc Ctri+I

Underline Ctrl+U
+ | Left justify Ctri+L
Center Ctrl+E
Right justify  Ctrl+R

Colors » Font color...

Eont... Background color...

Figure: B.2. The finalview of Form1

13.4. Setting font properties using the Font dialog box

Add a nonvisual control of FontDialogype (namedfonDialogllto Form1l
(this controlwill be placedin the area ohon-visualcontrok below the formm-
age).

Add the menu itenwith the text& F o0 n toéhe secondevel menu assae
ated with theFormat item (see Fig. 3.2). Set theNameproperty of the added
menu item tdontland definghe Clickevent hankbr for that menu item

fontl.Click handler
private void fontl_Click(object sender, EventArgs e)
{

fontDialogl.Font = textBox1.Font;

if (fontDialogl.ShowDialog() == DialogResult.OK)

{

Font f = textBox1.Font;

textBox1.Font = fontDialogl.Font;

f.Dispose();

bold1.Checked = fontDialogl.Font.Bold;
italic1.Checked = fontDialogl.Font.ltalic;
underlinel.Checked = fontDialog1l.Font.Underline;

}
}

Result When theFont... command is executed, thiéont dialog box is
called, allowing youo change the font in the editor. When the dialog boxss di
played, it indicates the current font settings. If you change the font style, the
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checkboxes for thBold, Italic, andUnderline menu items are additionallyda
justed. See alsGomment 1.

Error . If you open thd~ont dialog box and, without changing any font
properties, close the window by clickif@K or pressingthe Enter key, then
aruntime error will occuthe next timeg/ou open thé~ont window. This error
occursfinsided the ShowDialognethod ands related to the interaction of the
Fontproperties of théontDialogdndtextBoxbbjects, in particular, witklispcs-
ing the old fontinstancefor the textBoxTontrol You can come tgsuch acon-
clusion by noticing that if you comment out thBispodg statementthen the
specified error does not occur.

So, to correct the error, you magmovecall of the Disposanethod. But
this is a bad solution, as it does not free up system resources used by an old font
instance. Of course, in the absence of oHiwrnatives, this solution may be
used, but we can choose the best way.

Correction. Add one more conditional statement to tbatl Clicknethod
as follows:

private void fontl Click(object sender, EventArgs e)
{

fontDialoglFont = textBox1Font;

if ( fontDialogl.ShowDialog() == DialogResultOK)

if ('textBox1.Font.Equals(fontDialogl.Font))

{
Font f = textBox1 Font;
textBox1Font = fontDialog1Font;
fDispose();
bold1.Checked = fontDialogl FontBold;
italiclChecked = fontDialoglFontltalic;
underlinel Checked = fontDialog1l FontUnderline;

}
}

Result Now, in the situation described above, no runtime error occurs (see
Comment 2).

Remark. It should be admitted that thesed wayof setting the font in some
(extremely rare) situations will still lead to a runtime error. The fact is that
among the standard Windows fonts therefantésthat do not implement all font
styles.For example, th&lonotype Corsivafont has no regular (neitalic) style
defined.Y ou camot set invalid styles for such fonts using Bant window, but
you can try to do this later using the font style settings fronk-tremat menu.
Trying to do this will result in a runtime error. Since there are very few such
fonts available, we will natheckthis special situation in our project. The reader
can implement such processing himself by enclosing albtt&l Clicknethod
statements, except for the first one, in a try block, and by placing the esoer me
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sageThe specified style combination is at available for the current font in
thec a tsdgtion of this try blockas well as thestatementor restoring the pa-
vious state of the selected menu item:Checked!mi.CheckedNote also that
using theFontFamilglass and itdsStyleAvailableethod, you can determine
which styles are ailable for a given font.

Comments

1. In order to determinia thefontl Cliakethodwhether the required style
Is set for the selected font, we usedfthilwwing Boolean propeigsof the Font
class:Bold Itali¢ UnderlineRecall that these properti@ike all other properties
of theFontclass) are readnly.

2. The conditional statemenadded in the new version of thientl Click
method allows to bypass all actions to change theiothie case when theiin
tial fontwas not changed in the dialog¥dheEqualsnethodallowsto check
that two objects arequal that is, that they describe the same fonts. Note that
the ==o0perato cannot be used in this situation, since for many classesdclu
ing theFontclass) the==operato returnstrueonly if both objects being co-
pared aradentical that is theyare referencet thesameobjectallocated in
memory. If you try to use the=operato instead of th€equalsnethod in our
case, youwill always obtain the false result; in other words, after the
ShowDialognethod is executed, thEont properties ofthe fontDialogland
textBoxDbbjects will always refer talifferent objects. Thus, these properties
will never be identical, but they can be equal.
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14. Editing commands, context menus: TEXTEDIT3
project

The TEXTEDITS3 project continues a series of projeakatedto the devé
opment of a fully functional text editor. This project implements standard text
editing commands that are included in both the main mém@MenuStripon-
trol) and the editds conéxt menu(the ContextMenuStdpntrol). Also we dis-
cuss issues related to the use of the Windows clipboard in .NET applications
(the Clipboardlass).

14.1. Editing commands

The previously developedEXTEDIT2 project(seeChapter B) should be
used as gemplae for the TEXTEDIT3 project.

Go to the menudesigner(see Section 21) and insert a new firdé¢vel
menu itembeforethe already existingrormat item. To do this, select theor-
mat item, call its context menu (byight-clicking), and select thdnsert |
Menultem command The new menu iterwill have a hameoolStripMenultsm
(whereNis some number) and a titb®rresponaohg to this name. Change the t
tle of the new menu item &Edit (this can be done in the medasigneitself)
and replace its name, that theNameproperty, witheditlusing theProperties
window.

In the secondlevel menu associated with the ndwdit item, create menu
items with thefollowing text &Undo, adash- (this item will be converted to a
separatg;, Cu&t, &Copy, &Paste, &Delete, anotherdash-, &Select All. Set
the properties of the added menu items; as a resulEditanenu will take the
form shown in Fig14.1.

Properties
Uhdo (the HEdit group):Name = undol Shortcutkeys = Ctrl+Z
Cu (the Hdit group):Name = cutl, ShortcutKeys = Ctrl+X
Qopy (the Hdit group):Name = copyl, ShortcutKeys = Ctrl+C
Paste (the Hdit group):Name = pastel, Shortcutkeys = Ctrl+V
Delete (the Hit group):Name = deletel
Select All - (the Hit group):Name =  selectAlll ,

Shortcutkeys = Ctrl+A
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a- Text Editor =N ol
Eile Format

Undo Ctrl+Z

Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V
Delete

Select All - Ctrl+A

Fig. 14.1. View of Form1 with the expandé&gtlit menu

Define click event handlers for th&lit menu items

undol.Click, cutl.Click, copyl.Click, pastel.Click, deletel.Click,
selectAll1.Click handlers

private void undol_Click(object sender, EventArgs e)

{
textBox1.Undo();

}

private void cutl Click(object sender, EventArgs e)

{
textBox1.Cut();

}

private void copyl_ Click(object sender, EventArgs e)

{
textBox1.Copy();

}

private void pastel Click(object sender, EventArgs e)

{
textBox1.Paste();

}

private void dele tel Click(object sender, EventArgs e)

{

textBox1.SelectedText ="

}

private void selectAll1_Click(object sender, EventArgs e)

{
textBox 1. SelectAll ();

}
Result The menu contains standaediiting commandsthe Undo com-
mandto undo the laseditoraction, the Cut andCopy command to cut and copy
the selected fragment to the clipboaittk Pastecommand tgaste a fragment
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from the clipboardthe Deletecommand talelete the selected fragmetite Se-
lect All command taselectall thetextin the editor

Comments

1. The Dettekey is the defaulhotkey for thedeleting a selected teghat
IS, it is handled in anyextBoxontrol). In the case when the text does nat-co
tain a selection, a certain action is also provided for thetBkéy (deleting
the daracter to the right of theae), so you should not specify it in tlte-
letel.ShortcutKegmoperty. Thehot keys Ctrl+Z, Ctrl+X, Ctrl+C, Ctrl+V are
also handled aequiredin any TextBoxontrol By specifying them in the co
respondingShortcutKeysroperties, we only ensured that thds® keysare
displayed in the menu. All of the above commands are also available from the
standard context memf the TextBoxontrol (the context menu is invoked by
right-clicking on thecontrol).

2. It should be notkthat those of the implemented editing commands that
change the content of tliextBoxXTontrol always set itdviodifiegbroperty to
true whereagprogrammatical changing thieextpropertysetthe Modifiegbrop-
ertyto false

14.2. Special visualization of unavailable editing commands.
Working with the clipboard

Definethe Clickevent handler for theditimenu item
edit1l.Click handler
private void editl_Click(object sender, EventArgs e)
{
undol.Enabled = textBox1.CanUndo:;
cutl.Enabled = copyl.Enabled = delet el.Enabled =
textBox1.SelectionLength > O;
pastel.Enabled =
Clipboard.GetDataObject() GetDataPresent(typeof(string));
selectAll1. Enabled = textBox1.Text =
}

Result When the submenu of tH&dit menugroup is called, the unavad
ble menutems arggrayed outThe Undo item is available if an action wasepr
viously performed that can be undone. The, Copy, Deleteitems are avadl-
ble if the text contains a selection. TRasteitem is available if the clipboard
contains data in text formétee alsahe comment).The Select Allitemis aval-
able if the editor contains nempty text.

Disadvantage The editl_Cliclhandler is executedfter expanding the
submenu of th&dit command, so the user can see how the appearanceof ina
cessible menuems changes.

Correction. In theEventstab of theProperties window for the editlcon-
trol, do the following:
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1 removethe texteditl Click from theClick text box

91 addthe texteditl Click to theDropDownOpening text box(the eas

est way to do this is tose the drogdown listfor thistext bo).

Result Now the actions specified in the handler are performed aftée- clic
ing on the Edit menu item, but before expanding the submenu, sintee
DropDownOpenixent occurst this moment.

Comment

To check for thgoresence of a text fragment in the clipboard, we used the
GetDataObjestatic method of th€lipboardlass. This method returns ah-o
ject of IDataObjedype Using methods ofthis object we cancheck for the
presence of data of the type of interesthia Windows clipboardusing the
GetDataPreseBolean functioh and also get this dat@using theGetData
function, which returns &alue ofobjectype). Both functions have one pana
eter of Typetype, which determines the required data type (in ose,s#ing.

To check that the clipboard contains a bitmap or vector image, call the
GetDataPresemethod with thetypeof(Bitmap)y typeof(Metafilparameter, a-
spectively. Note that the clipboard can store any .NET object (for example,
abutton), but aly a .NET applicatiorwhich placesthis .NET objecton the
clipboard cargetsuch an object (at the same tirsgjngsandimagesthat have
been placedn the clipboard are availabler all applications).

The clipboard can simultaneously store datdifférentformats, so the fact
that theGetDataPresent(typeof(stmmgfhod returatruedoes not mean that the
GetDataPresent(typeof(Bitmegihod will necessarily retuifalse

The SetDataObjestiatic method of th€lipboardlass is used to place atd
item on the clipboard. As the first parameter of this method, you must specify
an object containing the required data item (for example, a stringpppof
the item isplacedon the clipboardthis actionremoves old data of the same
type from theclipboard The SetDataObjectethod can have a second pagam
ter of booltype. If this parameter igsue the data item will beontainedn the
clipboard even after the termination of the application that placed the
clipboard. It is clear that this shlkl only be done for data that can be gco
nized byall applications (for examplestringsor images$. If the second pam-
eter isfalseor absent, then the data item is automatically removed from the
clipboard when the applicatidarminates

It is also pasible to placseveral representatior the same data iteon
the clipboard (for example, a program that places text in RTF foomé#ie
clipboard can simultaneously plaaenorformattedtext). The application can
determineall available formats of da placed on the clipboamhdgetdata of
the requiredormat. For these purposes, tBetDataPreseaind GetDatdunc-
tions are equipped withverloaded versiorthat take as a parameter not a type,
but atext stringdescribing the required format (for axple,"Rich Text Fo
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mat). All possible formats are represented in hataFormatlass as static
readonly string fields.

14.3. Creating a context menu

Add acontrol of ContextMenuSttyme (namedcontextMenuSiigo Forml
(this controlwill be placed inlhe area ohon-visualcontrok below the formm-
age) This control allows usingcontext menusn the application.Bind the
contextMenuStripdntrol to the edit areatlfat is, thetextBoxTontrol) by setting
the contextMenuStppperty of thaextBoxtontrol to contextMenuStripl

To define thatemsof the context menu, as in the case okaalmenu, the
menudesignelis used However, unlike aisualmenu, thecontext menuesig-
er is displayed on the form only when tkentrol associated with the camtt
menu is selected (in our cagbis isthe contextMenuStripdntro). You cannot
create a horizontal firdevel menu for a context ment; is also not recm-
mended to create nested dig@wvn menus in the context menu and to associate
shortcutkeyswith the commands of thentextmenu.

Proceeding in the same way asSection12.1 whencreatingthe File menu
item and its associated secdedlel menu items, create menu itemms the
contextMenuStripdntext menuThe text of these menu items shouldasefd-
lows: Cu&t , &Copy, &Paste, a dash (which will be converted to separatoy,
&Font... (seeFig.14.2).

o2 Text Editor e |

File Edit Format

ContextMenuStrip
Cut

Copy
Paste

Font...

Fig. 14.2. Form1 view with the context menu constructor

Setthe properties of the added menu items (note that when defining the
names for the adext menu items, we do not use thdfix 1, as for the main
menu items, but theuffix 2):

Properties

Cu (the contextMenuStripl mend{ Name= cut?2,
Click = cutl_Click

Qopy (the contextMenuStripl menu): Name = copy2,
Click = copyl_Click

Paste (the contextMenuStripl menu): Name = paste2,
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Click = pastel_ Click
Font (the contextMenuStripl menu): Name = font2 ,
Click = fontl Click
In the list of properties, we aldodicatad existing handlersvhich should
be connectetb the Clickevent for each ahe context menilems
In addition, define ait©peningvent handler for theontextMenuStripdn-
trol:
contextMenuStripl.Opening handler
private void contextMenuStripl_Opening(object sender,
CancelEventArgs e)

{
cut2.Enabled = copy2.Enabled = textBo x1.SelectionLength > 0;
paste2.Enabled =
Clipboard.GetDataObject().GetDataPresent(typeof(string));
}

Result When you righiclick in the editorarea of thevindow, the context
menu defined in theontextMenuStripdntrol is displayed instead of thetard-
ard context menu of th€extBoxontrol The context menitemsthat are cu
rently unavailable argrayed out
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15. Toolbar: TEXTEDIT4 project

The TEXTEDIT4 project continues a series of projeakatedto the devé
opment of a fully functional textd&tor. This project creates and configures the
applicationtoolbar (the ToolStripontro) and its elementsisualshortcutbuttons
andshortcutbuttonsthat behave as checkboxes and rduitions We describe
the steps required to add images to an apgmitaesource file antb associate
the added images widhortcutbuttons and mentiems

15.1. Creation a toolbar and shortcut buttons. Adding images
to menu items

The previously developedEXTEDIT3 project(see Clpterl4) should be
used as gemplatefor the TEXTEDIT4 project.

Place atoolbar (that is,a control of ToolStrippype) on Formy this control
will be namedoolStripIThe toolbar will automatically dock to the top border of
the form and will be positioned below the main menenuStripIHowever, it
will hidethe top of thaextBoxtontrol To place all three ¢urolswithout ove-
lapping, weneed toarrange them in the correzbrder(seeComment4 in Sec-
tion 9.1). In our case, the easiest way is to execut@they to Front command
for thetextB&lcontrol This command (as well as ts&nd To Backcommand)
can be executed by corresponding button on th&yout paneland also by
acontext menwccommandhat can be called for any visuadntrol placedon the
form.

When placedn a form, a toolbarantains a drojglown list of all types of
controk that can be placed on that toolbar. In our program, usuglshortcut
buttons(also calledspeed buttorysand separators will be used. When tBet-
ton option is selected, a buttaontrol of ToolStripBott type is placed on the
toolbar and is immediately name (in this caseas toolStripButtonlSince the
shortcutbuttons will be associated with the correspondiegns of the main
menu, we will replace the default button name with the name of the comdesp
ing menu itemand addhedigit O to it, for examplenew10

Controk placed on theoolbar automatically line up with nepacesbe-
tween them. To add a standard separator space, seleSeplagator option
from thedrop-down list of availabletoolbarcontrols Thisactionadds acontrol
of ToolStripSeparatgpe to thetoolbarand immediately assigns it an apptiepr
ate name (for exampl&olStripSeparatprdince there is no need to refer to the
separators in the future, we will not change their naiNese that the relative
position of buttons anseparatoren thetoolbarcan be changed by dragging the
requiredcontrolwith the mouse to a new location.
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Add the following controk to thetoolStriptoolbar (in order from left to
right; the names of thbutton controk, that is, theilNameproperties, must be
specified in theProperties window): the newl1@utton, the openlutton,the
savel(utton, a separatorthe cutlObutton, the copyl@utton,the pastel®ut-
ton.

By default the Textproperty of theshortcutbutton coincides with its hame
(that is, theNameproperty), however, it is not displayed on the button, since it is
assumed that the button will not contain text, butimage (the DisplayStyle
property is responsible for the appearance of tholy its defaultvalueis Im-
age. All buttons added to the toolbar are associated with a standard image. Of
course, it needs to be replaced with an image corresponding to the action that
each button should perform.

Before assigning images to buttons, atldhe necessary images to tlee r
source file of the project being developed. ustdescribe the steps for adding
images, assuming that thMesual Studio 2012 Image Libraryis available to us
(see Section 10.7)

Select the first button added to the pa(redwl) and in theProperties
window go to thdmageproperty. Click theellipsisbutton|...] nearthis property,
in the Select Resourcavindow that appears, select theoject resource filera-
dio button and click thémport... button. In theOpen window thd appears, go
to the x--archive--x\Actions - VS5201024bitcolor bitmaps subdirectory of the
Visual Studio 2012 Image Library collection, select th®ocument.bmp file
and clickOpenor press Enter. As a result, the name of the added resource will
appear inhe Select Resourcavindow: Document Without closing theSelect
Resourcewindows, add the following files from the same subdirectory to the
resource fileOpenFolder.omp, Save.bmp Cut.bmp, Copy.bmp, Paste.omp

After adding all the images, seldabcumentfrom their list and clickOK.

The selected image will be associated withrtee1Ghortcut buttonkollow the
same steps to add images to all shortcut butlonhe list of properties below,
we specify the name of the image from the resourcewisich should be set to
the Imageproperty for each button. In addition, this property list shows which
existinghandlershould beconnecédto theClickproperty of each button. Anot
er property that should be configured for each butt@ro@TipTexthis prgerty
is responsible for displayingtaoltip when the mouse is hovering over the-bu
ton.

Properties

newl10:Image = DocumenfToolTipText= NewClick = newl_Click

openlO:Image = OpenFolderToolTipText=  Open

Click = openl_Click

savelO:Image = Save ToolTipText= SaveClick = savel Click
cutlO:Image = Cut, ToolTipText=  Cut,Click = cutl_Click
copylO:Image = CopyToolTipText=  CopyClick = copyl_ Click
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pastel0:Image = Paste, ToolTipText= Paste,Click = pastel Click
Make sure that themageTrapsrentColqroperty is set tdlagenta for all
shortcut buttons (this color is used in all images for the fragments that should be
transparent). The resulting toolbar is shown in Figll

a-l Text Editor = ECR

File Edit Format
" JE& - # 53 [F Y

]

itw

Fig. 15.1. The upper part of Form1 at the first stage of devetop

Once images are included in the project resource file, they can be used not
only for shortcutbuttons, but also for main menu items. To do this, simpihy
nectthe corresponding image to thmageproperty of the menu item (in the
same way as whecomectingan image to ahortcutbutton). For each menu
item, weindicatethe name of the image that needs to be associated with it:
newli Document openli OpenFolder, saveli Save cutli Cut, copyli
Copy, pastel Paste All of these menu items must hathelmageTransparent
Colomproperty set tdMagenta.

Result To execute frequently used commands, it is now enough to click on
the corresponding shortcut button. To determine which command the shortcut
button is associated with, you need to move the moussr to it: after 12 -
conds, a yellow tab with the name of the corresponding command will appear
next to the buttonMenu items that have shortcut buttons display the same i
ages as their associated buttons.

Remark. The presence of images menu commands allows the user to
quickly remembethe shortcut button associated weglach command

Comment

You can also use thenageListontrol to associate shortcut buttons with
images (see SectiorD.X). To do this, just place thontrol on the form the
control will be namedmagelLisjladd the required imagesttwe control and set
the ImageLisproperty of thetoolStripltoolbar equal toimageListlFor the
shortcut buttons, it remains to set theageKepgroperties (similar to how it was
done for theusualbutton in Section Q.7). Unfortunately, thd’roperties win-
dow lacks all the properties of tH®@olStripnd ToolStripButt@ontrok associa
ed with accessing thienageListontrol Therefore, when using this method of
bindingimages to shortcut butte, you musprogrammaticallyset the required
properties in the form constructor; in addition, the required images willpiot a
pear on the buttons in design mode.
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15.2. Using shortcut buttons that behave as checkboxes
and radio buttons

In this sectionall buttans added to the toolbar will be provided widxt
captions. Theseaptionsare specified in th&extproperty. To display a texigp-
tion on a button, th®isplayStyleroperty of the button must be set equal éxt

Add newcontrok to thetoolStriptodbar (in order from left to right the
names of the buttooontrok, that is, theiNameproperties, should be specified
in the Properties window: separatorbold10button, italic1Goutton, underline10
button, separatoteftJustifylloutton,centerl®uton, rightJustifpbutton.Setthe
properties of the addembntrok. The resulting toolbar is shown in Fig. 21.2.

Properties
bold10: Text = B DisplayStyle =  Text, ToolTipText=  Bold,
FontBold = True

italic10: Text = | ,DisplayStyle =  Text, ToolTipTex t= Italic |,
Fontltalic = True
underlinel0: Text = U DisplayStyle =  Text,
ToolTipText = Underline , FontUnderline = True
leftJustify10: Text = <, DisplayStyle =  Text,
ToolTipText = Leftjustify ,Checked = True
centerlO: Text = = DisplayStyle =  Text,ToolTipText=  Center
rightJustify10: Text = > DisplayStyle =  Text,

ToolTipText = Right justify

a2l Text Editor =N o ="

File Edit Format

Jold $ 2@ B 71U [<|= > e
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Fig. 15.2. The final version of the upper part of Form1

Remark. Instead of textcaptions the follows images from thé\c-
tions\bmp directory of theVisual Studio 2012 Image Library could be ca-
nected to the new shortcut buttobsid1G Bold_11689 24.bmpitalic1G Ital-
ic_11693 24.bmp underlineld" Underline_11700 24.bmp leftJustifylQ
LeftJustify b11695 24.bmp  centerl0 i Centered 11691 24.bmp
richtJustify10 RightJustify 11699 24.bmp

Add the GetButtomethod tathe FormXlass

private ToolStripButton GetButton(ToolStripMenultem mi)
{

return toolStripl.ltems[mi.Name + "0"] as ToolStripButton;

}
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Define handlers for th€lickevent for the newl®ortcut buttons
bold10.Click, italic10.Click, underline10.Click, leftJustify10.Click,
center10.Click, rightJustify10.Click handlers
private void bold10_Click(object sender, EventArgs e)

{
bold1_Click(bold1, null);

}

private void italic10_Click(object se nder, EventArgs e)

{
bold1_Click(italicl, null);

}

private void underlinel10_Click(object sender, EventArgs €)

{
bold1_Click(underlinel, null);

}
private void leftJustifyl0_Click(object sender, EventArgs €)

{
leftJustifyl Click(leftJustifyl, null);

}

private void centerl0_Click(object sender, EventArgs e)

{
leftJustifyl_Click(centerl, null);

}
private void rightJustifyl0_Click(object sender, EventArgs e)

{
leftJustifyl Click(rightJustifyl, null);

}
Modify thebold1l ClickeftJustifyl Clia@dndfontl Clicknethods
private void bold1_Click(object sender, EventArgs e)
{
ToolStripMenultem mi = sender as ToolStripMenultem;
mi.Checked = 'miChecked;
FontStyle fs = textBox1FontStyle;
fs = miChecked ? (fs | miFontStyle) : (fs & ~miFontStyl
Font f = textBox1Font;
textBox1Font = new Font(f, fs);
fDispose();
ToolStripButton sb = GetButton(mi);
sb.Checked = !sb.Checked;

}
private void leftJustifyl Click(object sender, EventArgs e)

e);
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ToolStripMenultem mi = sender as ToolStripMe  nultem;
if (miChecked) return;
GetButton(alignltem).Checked = alignitem Checked = false;
alignltem = mi;
miCheckState = CheckState Indeterminate;
GetButton(mi).Checked = true;
textBox1.TextAlign = (HorizontalAlignment)mi.Tag;
}

private void f  ontl_Click(object sender, EventArgs e)
{
fontDialoglFont = textBox1Font;
if (fontDialogl.ShowDialog() == DialogResultOK)
if ('textBox1FontEquals(fontDialogl Font))
{
Font f = textBox1 Font;
textBox1Font = fontDialog1Font;
fDispose();
bold10.Checked = bold1 Checked = fontDialogl FontBold;
italic10.Checked =
italicl. Checked = fontDialog1 Fontltalic;
underline10.Checked =
underlinel Checked = fontDialogl FontUnderline;

}
}

Result To setthe font style and text alignment, just click on the eorr
spondingshortcutbutton, which will b e ¢ o pressedi In what follows, we
will use the expressionfpressed stafeand ireleased stafeof a button, at
hough when using the standard .NETton image style, thgoressed button
simply has an extra border (see keJustifylloutton image in Fig. 15.2).

The pressed state of the shortcut button means that the specified mode is
set The font setting buttonisold1QitaliclQunderlinel@ct as checkboxeseach
button can be switched to the pressed or released state independently lof the ot
ers. The text alignment buttorisftJustify]l0Ocenterl0 rightJustifyl@ct like
agroup of radiobuttons clicking on any of them will release the restshiould
be noted thatwhen formatting commands are executed directly from the menu
or usingshortcutkeys, the state of the correspondsiprtcutbuttons isadjusted
appropriately

Comments

1. TheGetButtomethod added to theormIclass allows t@etthe assae

ated shortcut button for the menu item. This is possible dwsitm similar
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names for menu items amadsociateghortcutbuttons: to get ahortcutbutton,

it is enough to use thEemscollection property of theoolStriptontrol and
specify he name of the required button as a {Biys name is equal to the name
of the corresponding menu command, supplemented théhdigit 0). The
GetButtomethod also allowgou to checkif any shortcut button is associated
with a given menu item: if theres ino button associated with the item, the
method will returmull(this additional feature is not used in our program, but it
can be useful when implementing interactmimenu items and shortcuts in
other applications).

2. In our programthe buttongiddegat® the execution of all actionsni
cluding changing their own state) to the mé&ems This ensures that the state
of the buttons is changed correctly when formatting commands are executed in
other ways (from the menu or usiagortcutkeys). To impément the behavior
of the leftJustifyl@enter10rightJustifyl€ontrok as a group of radibuttons,
thealignlterfield is used, with the help of which the selection is removed from
the previously selectezshortcutbutton of this group.




147

16. Status bar and hints: TEXTEDITS5 project

The TEXTEDITS5 project continues a series of projexttatedto the devé
opment of a fully functional text editofhis project creates and configures the
status bar of the application (tlatusStripontrol) and its label lements.We
describe the actions to check the state of@aes Lock and Num Lock toggle
keys, hide and redisplay the toolbar and status bar, and display an expiatded
for the selected menu command on the status bar. In additiohipdfiEigontrol
is described, which allows to associateamtextual hinwith any visualcontrol
of the application.

16.1. Using the status bar

The previously developedEXTEDIT4 project(seeChapter b) should be
used as gemplatefor the TEXTEDITS project.

Add astatus bar(that is,a control of StatuStriptype) to Form{this control
will be namedstatusStripAAlso adda nonvisual control of Timertype, which
will be namedimerland will beplacedin the nonvisual controlarea under the
form image. To prevent the bottoram of thetextBoxtontrolfrom beingover-
lappedby the added status bar, you should executeBtirgg to Front com-
mand for thaextBoxtontrol(see Sectioib5.1).

To addcontrok to the statubar, a dropdown list is intended, in which we
will use only the StatusLabetem (this item adds alabel control of ToolStrip
StatusLab#ype to the statuisar. Since the default names for thentroks added
to thestatus baare too long (for examplégolStripStatusLabelde will change
them choosing the naea according to the purpose of each item in the status bar.

Add thelabelcontrok with the specified namés thestatusStripdtatusbar
(the names of the labebntrok, that is, theiNameproperties, should be spec
fied in theProperties window): capl numlmodifiedhintl Set the properties of
the added labalontrok, as well as themericontrol

Properties

capl:Text= CAPAutoSize = False,BorderSides= All ,
BorderStyle = SunkenSizeWidth = 40

numl: Text = NUMutoSize = False,BorderSi des = All ,
BorderStyle = SunkenSizeWidth = 40

modified1l: Text = Modified ,AutoSize = False,BorderSides = All ,
BorderStyle = SunkenSizeWidth = 80

hintl: Text=  ReadyMarginLeft = 5

timerl: Interval = 200 Enabled = True
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The Size.Widtpropery is used to set the new label width, tHargin.Left
property of thehintllabel is used to increase thpacebetween thdrReady text
of this label and the border of the previousdifiedlabel). The resulting status
baris shown in Figl6.1.

CAP |INUM | Modified Ready

Fig. 16.1. The bwer part of Form1

Define an event handler for tAéckevent fortimeri

timerl.Tick handler
private void timerl_Tick(object sender, EventArgs e)
{

capl.Text = IsKkeyLocked(Keys.CapsLock) ? "CAP" : ";

numl.Text = IsKeyLocked(Keys.NumLock) ? " NUM" : "

modified1l.Text = textBox1.Modified ? "Modified " : ™"

}

Add a call to that handler to the constructor offbemXklass:

timerl_Tick(this, null);

Result The status bar displays the current state of the Caps Lock and Num
Lock keys. In additin, it shows whether the document lha@en changesince it
was last saved (if it hdgeenchanged, thetringModified is displayel.

Comments

1. To be able to determine the current state of the Caps Lock, Num Lock
and Scroll Lock keys, a new static medhsKeyLockedf boolean type was
added to th€ontrotlass in version .NET 2.0. Only threembers of th&eys
enumeration can be specified as a paramdtehis method:Keys.CapsLqgck
Keys.NumLqgcknd Keys.Scrolln attempt to specify another memiodrthe
Keysenumeration throws ldotSupportedExcepéaroeption.

2. You can also use thdodifiedChangedent of thetextBoxXontrol to
track changes to thdodifiegroperty.

3. Calling theTickevent handler in the form constructor providegusting
the status bar before displaying it on the screen.

16.2. Inaccessible shortcut buttons

Add newstatements$o thetimerl Tiakethod
cutl0.Enabled = copy10.Enabled = textBox1.SelectionLength > 0O;
pastel0.Enabled =
Clipboard.GetDataObject().GetDataPresent(type of(string));
savel Enabled = savel0.Enabled = textBox1.Modified,;
Result Now the state of thehortcutbuttons associated with the clipboard
matches the state of the corresponding misms (they are simultaneously
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available or unavailable). In additiothe Save menu itemand its associated
shortcut button are now available only after changes have been made to the text
being edited.

16.3. Hiding the toolbar and status bar

Proceeding in the same way asSeaction12.1 when creating &ile menu
item and associateseconedevel menu items, add a firktvel menu item with
the &View text to themenuStriptontrol and use thd’roperties window to
change the name of this item (that is, Nemeproperty) toviewlIn thesecond
level menu associated with thdew item, create items with the teftToolbar
and&Status bar (Fig. 16.2).

Set the properties of the added menu items

Properties
Toolbar (the Mew group):Name = toolBarl, Checked =True
Satus bar (the Mew group):Name = statusBarl, Checked =True

g5 Text Editor = || B ER

File Edit Format | View
=1 ,ﬁ._‘1__':t.|~/ Toolbar »

v | Status bar

Fig. 16.2. The upper part of Form1

DefineClickevent handlers for thieolBarandstatusBarthenu items
toolbarl.Click and statusBarl.Click handlers
private void toolBarl_Click(object sender, EventArgs e)

{
toolStripl.Visible = toolBarl.Checked = !toolBarl.Chec ked:;

}

private void statusBarl_Click(object sender, EventArgs e)
{
statusStrip1.Visible = statusBarl.Checked =
IstatusBarl.Checked;
}
Result Using thecheckboxstyle commang of the View menu, you can
hide and restore the toolbar and status bar.

16.4. Displaying hints on the status bar
Set theToolTipTextroperty for the menu items in thée group
Properties
newl: ToolTipText = Create new document
openl:ToolTipText = Open existing document
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savel:ToolTipText = Save current document

saveAsl: ToolTipTe xt = Save document under new name

exitl: ToolTipText = Exit editor

Define event handlers for thidouseEnteaind MouselLeavevents for the

newlmenu item and therconnectthese handlers to th&louseEnteand
MouselLeawevents of the remaining menu itemghie File group. Alsoconnect
thenewl MouselLeavwandler to thévlenuActivagent of themenuStripdontrol

newl.MouseEnter and newl.MouselLeave handlers

private void newl MouseEnter(object sender, EventArgs e)

{
hintl.Text = (sender as ToolStripMenulte m).ToolTipText;
}
private void newl MouselLeave(object sender, EventArgs e)
{
hintl.Text=""
}

In addition, define an event handler for thtenuDeactivagyent for the
menuStripdontrot
menuStripl.MenuDeactivate handler
private void menuStripl MenuDe activate(object sender,
EventArgs e)

{
hintlL.Text=" Ready,

}

Result When you move the mouse cursor overile menu itemsa hint
to the selectedhenu item(if this menu itemis available)s displayedn the si-
tus bar For other menitems thehint is not displayed on the status b@rhen
exiting the menu, the teRReadyis restored on the status bar.

Disadvantage When youmovethe mouse over a menu item from g
group, an additional tooltip appearsanthis item Thetooltip text dupliates the
hint text on the status bar and therefore does not provide any additiorral info
mation

Correction. In the constructor of thEormIclass, add statementhat syo-
presseshe display of tooltips foall items ofthe File drop-downmenu:

filel.DropD own.ShowltemToolTips = false;

Remark. You can set th&howltemToolTipoperty for the main menu in
the Properties window for themenusStripgéontrol (note that this property is set
to False by default). However, you can customize it for dogwwn submenus
(objects ofToolStripDropDotype) only programmatically.
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Comments

1. There arecertain problems withlisplayng menuhintsin the MenuStrip
andToolStripMenulteantrok. The implementation presented in this section is
insufficient, since it does notllaw getting hints for menu items by navigating
through them using the keyboard. It is interesting to note that the predecessor
of the ToolStripMenultetass, theMenultenglass intended to be used inneo
junction with thefioldo MainMentype menu, hadhe Selecevent, which was
better suited to th task, since it reacted to the selection of a menu item in any
way: both with a mouse ana@ keyboard (however, the event associated with
the loss of selection was not provided, therefore, to correctly change th
tooltips, it was necessary to providk menu items with event handlers for the
Seleckvent).Neither theToolStripMenultetass nor théeniStriplass provide
events similar to th8elecevent

2. Most of thefi u s wiaulalcontrok (not related tanenus, toolbarsand
status bars) do not have a property similaraolTipTexHowever, for any \&-
ual control you canshowa tooltip by usinghe ToolTimonvisual control In
addition to a large number of properties that allow you to customizepthe a
pearance of the displayed tooltip, theolTipcontrol has aSetToolTip(control,
hint) method thatassociatesthe hint string with the visual control The
GetToolTip(contnmigthod allows you tgetthe value of the tooltip associated
with the controvisualcontrol After adding theToolTigontrolto the form, all
visual controk of the form will display a property of the forfiroolTip on
toolTipl in the Properties window. This propertyallows you to easilyadjust
tooltip strings in design mode. UsingetRPopupevent of theToolTipcontrol
you can redirect the display of tooltip text to otbentrok (for example, to the
status bar).
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17. Formatting a document: TEXTEDIT6 project

The TEXTEDIT6 project finishesa series of projectselatedto the devée
opment of a fully functional text editoThis project describes how to replace
a TextBoxontrolwith a RichTextBaontrol which allows you to format diffe
ent pieces of text in different ways We considerthe capabilities of the
RichTextBasontrol related to formattingfonts and paragragh In addition,we
describetools that allowto determine the position of the cursor in the text and
save the text in various formats.

17.1. Replacing the TextBox control
with the RichTextBox control

The previously developedEXTEDITS project(see Clpterl6) should be
used as gemplatefor the TEXTEDIT6 project.

In order to replace theextBoxXontrol of TextBoxype alreadypresentin
Formlwith a RichTextBogontrol (with richer formatting capabilitigs it is
enough to sfjhtly correct theForm1.Designer.csfile. Recall that this file co-
tains information that was added to the project while working with the fesmn d
signer (including the menu designer) and Breperties window, so there is
usually no need to explicitly edit However, nothing prevents you from kaa
ing changes to thieorm1.Designer.cdile.

Load theForml.Designer.csfile into the editor (the easiest way to do this
is using theSolution Explorer window), find the line in it

private SystemWindowsFormsTextB ox textBox1,;
and change is follows
private SystemWindowsForms. FextBexRichTextBox textBox1;

Thus, we have changed the type of tisdBoxtontrol We will not change
the nameof the control since it is used repeatedly in the existing code of our
program.

We also need to change the statement ¢heditesthe textBoxtontrol This
statement is contained in the saferml.Designer.csfile in the Windows
Form Designer generated codesection, which is hidden by default. Expand
this section by clicking # +signto the left of its heagl and find thestatement

thistextBox1 = new SystemWindows Forms.TextBox();

To find the specifiedtatementyou can, for example, organize a search for
the wordtextBox1 (for the search modes available in the VisBaldo env-
ronment, se€Comment 2 in Sectio®.5). Modify the foundstatementas fd-
lows:

thistextBox1 = new SystemWindowsForms. FextBexRichTextBox);
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After making these changes, thRerml.Designer.csfile can be closed by
right-clicking on itstab headeandchoosingClose from the context menu that
appeargor simply pressing Ctrl+F4)

The RichTextBasontrol allows you to setifferent formatting settingfor
different pieces of text. These settings are saved with the text in a special format
calledRich Text Format(RTFforma. Files containing text in this format ugua
ly have thertf extensionLet us nodify the program to use the additional ¢un
tionality of theRichTextBaontrol

For thesaveFileDialogihd openFileDialogbntrok, change thé®efaulExt
property tortf and theFiltemproperty toRTF files|* .rtf .

Modify the SaveToFilendopenl_ Cligkethods of th&ormXklass

private void SaveToFile(string path)

{
textBox1l.SaveFile(path, RichTextBoxStreamT ype.RichText);
textBox1 Modified = false;

}

private void openl_Click(object sender, EventArgs e)
{
if (TextSaved())
if (openFileDialogl.ShowDialog() == DialogResultOK)
{
string path = openFileDialogl FileName;
textBox1.LoadFile(path, RichTextBoxStreamType.RichText);
Text ="Text Editor - " + Path.GetFileName(path);
saveFileDialogl FileName = path;
openFileDialog 1. FileName ="";
}
}

In the bold1l_Clickndfontl_Clicknethods, replace alextBoxl1.Font frag-
ments withtextBox1.SelectionFont(bold1l Clickhould havethree such fray-
ments, andontl_Clickhould havdour fragments.

In the fontColorl_Cliokethod, replace aliextBox1.ForeColor fragments
with textBox1.SeéctionColor (there should bawvo such fragments).

In the backgroundColorl_ Cliickthod, replace altextBox1.BackColor
fragments withtextBox1.SelectionBackColor(there should béwo such fray-
ments).

In the leftJustifyl Clicknethod, replace textBox1.TextAlign with
textBox1.SeletonAlignment in the last statement.

Finally, set theenableAutoDragDpopperty of theextBoxtontrolto True.
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Result Font formatting commandsow affect theseleciton or (if there is
no selectionin the text)subsequent chactersentered Paragraph alignment
commandsaffect the selected paragraphs including paragraphs in which only
part of the text is selectent (if no paragraphsre selected)he current par-
graph. You can save text in a file with format settings (theullefite extension
is .rtf ). When loading files in RTF format, the text is displayed on the screen
with the format settingsaved

If the text does not fit in height in the editareg avertical scroll barap-
pears on the rightécall thatthe TextBoxontrol does not havéhe sameaability
to automatically display a vertical scroll bar). Lines that arentiole are as le-
fore, automaticallywrappedto a new line (se€omment 5 in Section213).

Thanks to thelTrue value of theEnableAutoDragDmmoperty,the editor
providesa drag-and-drop moddor selections: if yodeft-click on the selection,
you canmoveit to a new locationif you hold down the Ctrl key while dragging
(in this case, a + sign is displayed near the mouse cucsmyingof the sele-
tion is performed instead of its moving.

Disadvantages(1) When you move the cursor to an area of text withfa
ferentformatting, the state of theghortcutbuttons and formattingemsin the
Format menu does not chang&) The Modifiedttribute is notcleared when
anew file is loaded(3) When theNew and Open commands are executed, the
formatting settings in the menu and on the toolbar are not adjusted.

In addition to these easily identifialéssadvantagegshenewversion of our
program containsraerror that is not easy téind. In order to detect this error,
you need to select@eceof text containingnore than one type of fo(for ex-
ample, Times New RomanandArial fonts) and try to execute one of the font
style setting command8¢ld, Italic, or Underline) or set a new type of font for
the selectionusing theFont command. In this situation, MullReferenceException
will be thrown.

All thesedisadvantageand errors will beorrectedn the next section.

Comments

1. Whenchangingthe methods tated to saving and loading files, the
SaveFilandLoadFilenethods of th&ichTextBavontrolwere used (th&extBox
controldoes not have similar methods).

2. When changing methods related to formatting, th8electionFagnt
SelectionColoiSelectionBac&foy and SelectionAlignmeptoperties of the
RichTextBogontrol were used. All these properties allow you to define and
change the formattingptionsfor the selectioror (in the absencef selection)
the formattingoptionsfor the position of the texdt which thekeyboard cursor
(the cared) is. The first property is responsible for the characteristics of the
font, the second for the color of the characters, the third for the background
color, and the fourth for the horizontal alignment of the paragr@pime other
properties related to paragraph formatting will be used itid®et7.3.
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17.2. Correcting the state of shortcut buttons and menu
commands when changing the current format

Add a newSetEnableghethod to th&ormXlass
private void SetEnabled(bool v alue)
{
bold1.Enabled = bold10.Enabled =
italicl.Enabled = italic10.Enabled =
underlinel.Enabled = underline10.Enabled =
fontl.Enabled = value;
}
Define an event handler for tigselectionChangedent for theextBoxton-
trol:
textBox1.SelectionChanged handler
private void textBox1l SelectionChanged(object sender, EventArgs e)
{
Font f = textBox1.SelectionFont;
SetEnabled(f != null);

if (f '= null)

{
bold1.Checked = bold10.Checked = f.Bold;
italicl1.Checked = italic10.Checked = f Italic;
underlinel.Checked = underline10.Checked = f.Underline;

}

ToolStripMenultem mi = leftJustify1;
switch (textBox1.SelectionAlignment)
{
case HorizontalAlignment.Center:
mi = centerl; break;
case HorizontalAlignment. Right:
mi = rightJustifyl; break;
}
if (mi == alignitem) return;
alignlitem.Checked = GetButton(alignitem).Checked = false;
mi.CheckState = CheckState.Indeterminate;
GetButton(mi).Checked = true;
alignltem = mi;
}
In thenewl Cliakethod after he statement
saveFileDialogl FileName = "";
insertthe following statement:
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textBox1_ SelectionChanged(this, null);

In theopenl_Cligkethod after the statement

openFileDialogl FileName = "";
insertthe following statements:

textBox1.Modified = false;

textBox1_SelectionChanged(this, null);

Result We have orrected all thedisadvantages and erransted inSec-
tion 17.1. In particular, the state ehortcutbuttons and menitemsnow matt-
es the format of the current text position.

If a fragment is selecteth the text, the appearance of meiems and
shortcut buttons depends on whether the gelecbntainspartswith different
formatting. Ifthe selectiorcontainsseveral types of fontshen the font setting
menu itemgBold, Italic, Underline, andFont) andcorresponding shortcioit-
tons become unavailable (this avoids the error noted in SecTian If the -
lection containsone type of font, then the indicatesenu and toolbacontrok
are availablpthey arein the checked statenly if the entire selectionhas ths
font style (for example, thBold shortcutbutton will beii p r e dyafdhe
entireselecion is in bold).

Commands related to text alignment behave in a similar way: if the same
alignment method is set for the ents@ection thenthe menu itemandshortcut
button corresponding to this alignment methodiaréhe checked statdf the
selection contains paragraphs with different alignment optiond,afigustify
command and its associatgubrtcutbutton aran the checked state

Comment

When using th&electionFoptoperty, it isnecessaryo remembeboutits
important feature: if there imore than one type of fom the selection, the
SelectionFoptoperty isnull In this situation, attempting to access any member
of the SelectionFomtroperty (such as itBold Itali¢c or Underlin@roperties) will
throw aNullReferenceExceptteor this reasonin thetextBox1 SelectionChanged
method, the members of tHgelectionFormdroperty are accessed only Hig
propertyis notnul. However, there are two more methods in our program that
call the members of th8electionFompiroperty: these are newessionsof the
bold1l_Clicand fontl_Clicknethods. To avoid a possible error when executing
the bold1l_Clickndfontl_Clicknethodsall menuitemsand shortcut buttons that
call these methods are magigavailableif a fragment containing more than one
type of font is selected in the text (for this, t8etEnabletelper method is
called in theaextBox1_SelectionChargetller).

Note hat there is no danger of an error fiext alignmentommands: if the
selection contains several alignment options,SbkectionAlignmemoperty e-
turns theHorizontalAlignment.keftie. Thus, in such a situation, the métem
and the shortcut buttocorresponding to the left alignment will be the
checked statewhich seems quite natural. There ateono problemswith the
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commands for setting the color of symbols and background (see Segi®n 1
if, when executing these commantsere is a dection with different color p-
tions, thertheblackcolorwill be highlighted in the color selection dialog box.

17.3. Setting paragraph properties

Add a new forrmamedForm2o the project and place a contaimentrol
of GroupBotype on this form(this contol will be namedyroupBox1Place three
labels (abelllabel?2label3 and threeNumericUpDowantrok (humericUpDownl
numericUpDowmimericUpDown8 thegroupBox&ontrol Also, place another
label (abely, a dropdown list the ComboBoxontrol named comboBoxl
acheckbox ¢heckBoxyland two buttonsbuttonlandbuttonpon Forn2.

Remark. The ComboBogontrol will be considered in more detail in the
LISTBOXES project (see Chapter 19).

Configure the properties ¢form2and itscontrok and arrage thecontrok
as shown in Figl7.1. Recall that settinylodifiers #nternalallows to refer to
acontrolfrom another form of the same project.

Properties
Forn2: Text = Paragraph MaximizeBox= False,

MinimizeBox = False, FormBorderStyle = FixedDial og,

StartPosition = CenterScreen ShowInTaskbar = False,

AcceptButton = buttonl, CancelButton = button2

groupBox1:Text = Indentation

labell: Text=  From left:

label 2: Text = From right :

label3: Text =  Frombullet :,Enabled = False
label 4: Text = Ali gnment

numericUpDownl: Modifiers = Internal

numericUpDown2: Modifiers = Internal

numericUpDown3: Modifiers = Internal ,Enabled = False

comboBox1: DropDownStyle =DropDownListModifiers =  Internal

checkBox1: Text = Bull eted paragraph ,Modifiers =  Internal

buttonl: Text= OKDialogResult=  OK

button 2: Text = Cancel

Additionally, define thdtemsproperty of thecomboBoxdontrol A special

dialog box is provided for this propertthis dialog box can bealled from the
Properties window byclicking the ellipsis button|...| nearthe propertytext box
In our case, three alignment options musirpait into thisdialog box one per
line:

Left aligned

Right aligned

Centered
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o

Paragraph =N HoR 55
Indentation Alignment:
From left: o = | - |
From right: o =

From bullet: 0 Bulleted paragraph

[ OK ] | Cancel

Figure:17.1. Form2 view

Define a handler for thEheckedChangedent for thecheckBdxcontrot
checkBox1.Click handler (Form2)
private void checkBox1_Click(object sender, EventArgs e)
{
label3.Enabled = numericUpDown3.Enabled = checkBox1.Checked;
numericUpDown3.Value = numericUpDown3.Enabled ? 10 : O;
}
At the beginning of thd-orni class delaration add a delarationof the
new field:
private Form2 form2 = new Form2();
In the constructor of thEorm class, add thetatement
AddOwnedFofform?2);

Add a menu item with tex&Paragraph... to the dropdown menu assoc
ated with thd=ormat menu item (see Sections 181B.4).Set theNameprope-
ty of the added menu item fmragraph&nd definethe Clickevent handler for
this menu item

paragraphl.Click handler (Form1)
private void paragraphl_Click(object sender, EventArgs e)
{
form2.check Box1.Checked = textBox1.SelectionBullet;
form2.comboBox1.SelectedIndex =
(int)textBox1.SelectionAlignment;

form2.numericUpDownl.Value = textBox1.Selectionindent;

form2.numericUpDown2 Value = textBox1.SelectionRightindent;

form2.numericUpDown3Vvalue = textBox1.Bulletindent;

if (form2.ShowDialog() == DialogResult.OK)

{

textBox1.Selectionindent = (int)form2.numericUpDown1.Value;

textBox1.SelectionRightindent =
(int)form2.numericUpDown2.Value;

textBox1.Bulletindent = (int)for m2.numericUpDown3.Value;
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textBox1.SelectionBullet = form2.checkBox1.Checked;

textBox1.SelectionAlignment =
(HorizontalAlignment)form2.comboBox1.Selectedindex;

textBox1_SelectionChanged(this, null);

}
}

Result New menuitem Format | Paragraph... allows you to customize
the properties of the current paragraph or a group of selected paragraphs. During
its executionthe Paragraph dialog box isdisplayed in which you can specify
the amount of indeationof the paragraph from the left andht boundsof the
editing area (in pixelskas well aghetype ofalignment. In addition, by selecting
the Bulleted paragraph checkbox, you can addhalletin the form of a black
marker(Y)) to the paragraph; in this case, you can specify the améuimient-
tion from thebulletto the text.

Comments

1. In this section, another group of properties ofRie TextBaontrolwas
used,which isrelated to the paragraph settings:

1 Selectionindeand SelectionRightindset theindentationin pixels fom
the left and righboundsof the editing area, respectively

1 SelectionBullet boolean if it is true then the paragraph is labeledth
thebullet, that is, a special mark8y

1 Bulletindeskts the indent in pixels from thelletto the texffollowing it.

2. The order of items in theomboBoxdrop-down list corresponds to the
order in which the alignment options are specified in HuogizontalAlignment
enumerationieft(0), Right(1), Center2). Due to this circumstance, to dete
mine the slected alignment option, it is enough to convert $ledectedindex
property of thecomboBoxdontrol which contains the number of the selected
list item, to theHorizontalAlignméype (see thdast but onestatemenin the
paragraphl_ Cliokethod. A subsequent call to theextBox1 SelentChanged
handler adjustthe stateof alignmentrelated menu itemand shortcubuttons.

17.4. Display the current row and column

Proceeding in the same way as3action16.1, add another (fifth) label
called position1o the statusStripdtatus bar and set the properties of the added
labet

Properties
positionl: Text = 1:1 ,AutoSize = False,BorderSides= All,

BorderStyle = SunkenSizeWidth= 60

Press the left mouse button the positionlabel and move it to thestt of
the hintllabel (with the textReady). As a result, the indicated labels will be
swappedgee kg. 17.2).
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CAP INUM | Modified | 1:1  Ready

Fig. 17.2. The lower part ofForm1

Add a newpiece of coddo thebeginningof thetextBox1 SelectionChanged
method
int x = textBox1.Selecti onStart,
y = textBox1.GetLineFromCharlndex(x),
X0 = textBox1.GetFirstCharlndexFromtLine(y);
position1.Text = string.Format("{0} : {1}",y + 1, x - x0+1);

Result The status bar displays tlearrent positionof the keyboard cursor
(the caret) in the brmatrow : columnrvhere row is théine numberand column
is thecharacter number in the line (lines and characiee numbered from 1). If
the edited text contains a seleat then the position of the beginning of thes
lectionis indicated.

Comment

To determine the current position of the keyboard cursor in the text of the
textBoxTontrol (this text is contained in thE&extproperty of thiscontrol), the
following properties and methods are used that are available for botlethe
Boxcontroland the RichTextBaontrot

1 the previously mentione8electionStastoperty (se€Comment 2 in Se
tion 8.1), which allowsyou to determine the position of the cursor or tlee b
ginning of the selection in thEextstring

1 the GetLineFromCharinderfa)hod which allows you to determine the
line numberfor thecharactemwith the numben in the Textstring property

1 the GetFirstCharlndexFromLimeéthod, whichallows you to determine
thefirst charactenumberof theline with numbemin the Textpropety.

Both strings and characters are numbered from Qiesadd 1 to the resut
ing values.

Instead of the GetFirstCharindexFromLinefajhod, we can use the
GetFirstCharlndexOfCurrenthétlieod (without parameters), which allousto
determine the clracter number from which the current liidat is, the line
containing thekeyboard cursgrmegins.

Note that the lineseparated content of tiextBoandRichTextBaontrok
can be accessed using theesproperty, which is an array of strings.

Also note one morenethod related to the position of the keyboard cursor:
ScrollToCarefhis method, which has no parameters, allows you to display on
the screen giece oftext containing the keyboard cursdirthe keyboard cu
sor is already on the screen witbe method is called, ti&crollToCargtethod
does nothing.
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17.5. Loading and saving text without format settings

For thesaveFileDialoghdopenFileDialogdntrok, change the values of the
Filtemproperty toRTF files|* .rtf|Text files|* .txt|All files|*. *.

As a resultthreefilters areassociated with the specified dialog boxes: for
RTF files(with the .rtf extension)for plain text files(with the .txt extension),
andfor arbitrary fileswith any valid name and extension.

Add a newGetFileTypmethodto theFormZXlass

private RichTextBoxStreamType GetFileType(string path)
{
string s = Path.GetExtension(path).ToUpper();
return s == "RTF" ? RichTextBoxStreamType RichText :
RichTextBoxStreamType.PlainText;
}
Modify the SaveToFilendopenl @kmethods
private void SaveToFile(string path)

{
: letpath. Ric! E Rict )
textBox1.SaveFile(path, GetFileType(path));
textBox1 Modified = false;
}

private void openl_Click(object sender, EventArgs e)
{
if (TextSav ed())
if (openFileDialogl.ShowDialog() == DialogResultOK)
{
string path = openFileDialogl FileName;
textBox1.LoadFile(path, GetFileType(path));
Text ="Text Editor - " + Path.GetFileName(path);
saveFileDialogl FileName = path;
openFileDialog 1. FileName ="";

}
}

Result When saving a document in a file with any extension other than
1tf, only plain text (without format settings) is written to the file ANSI encd-
ing, that is, in theonebyte encoding used by Windows by default. However, in
the editor itself, the format settings qmeservedand theformattedtext can be
savedlaterin a file with the.rtf extension. It is now possible to load into the
edtor both files in RTF format (with thetf extension) and plain text files. In
order to speed up the selection of files with iitle and.txt extensions, as well
as to be able to select files with any extensiondihleg boxesfor opening and
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savingdfiles provide appropriate filterdR(TF files, Text files, All files) listed in
theFile type drop-down list.

Here is ascreenshoof a running program (FidL7.3). The keyboard cursor
is positioned on the first centered line.

a2 Text Editor - Mozart-CD6.rtf =GR <™ 1
File Edit Format View
1 & 1‘ 2, B I < IEI >
W. A. Mozart| (1756 - 1791)

Concerto No.20 in D minor, K.466 -- 30.07
Alfred Brendel - piano.
Academy of St Martin-in-the-Fields.

con. Sir Neville Marriner
(1973)

Allegro -- 13.32

Romance -- 9.15

Rondo (Allegro assai) -- 7.20

MUM | Modified | 1:13 Ready

Figure:17.3. View of the unning TEXTEDIT6 application

Comments

1. To extract the extension from the file name tbedsetFileTypmethod,
the GetExtensianethod of thePathclassis used, which returns the file exte
sion along with the precedirdpt (.). If the flename does m@ontain an exte
sion or ends in a dot, an empty string is returned.aB@Comment2 in Sec-
tion 18.2 about using th&@oUppemethod.

2. TheSaveFiland LoadFilenethods of th&RichTextBasontrol allow sav-
ing andloadingdata in various formats. Therimat is determined by thes
cond parameter of these methods, which is ofRlehTextBoxStreamTgpe
merated type. The new version of the program uses not onRithd extor-
mat option (for RTF files), but also th@lainTextormat option, which allows
you to save text without format settings in the standard Windows ANStlenco
ing. Among other formats, we notdnicodePlainTexthich allows you to save
text without format settings in Unicode encoding.

3. When working with theaveFileDialoglialog box br saving file, the s+
er may experience certain inconveniences. For examptégifusercreated
afile test.rtf andnow want to save it inthe plain textormat, then hishewill
need todeletethe .rtf extension in thd-ile name text boxof the save dialog
box and explicitlyinput the .txt extension. In such situations, it is more natural
to change the file type using tikée type drop-down list. However, changing
the file type in this list does not automatically change the file extension in the
File nametext box The required change coutdvebeenprovided in the event
handler associated with file type changing, but, unfortunately, such an event is
missingin the SaveFileDial@gpdOpenFileDialogntrok.
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18. Colors: COLORS project

The COLORS projdcintroduces classes for working with coldCqlor
KnownColpoColorTranslajoand controk that provide data scrollingriackBar
HScrollBaScrollBar It also describes how to accesmtrok throughshortcut
keys for their associatddbelsand digusses options for anchorimgntrok to
boundaries of the form.

18.1. Defining a color as a combination of four color
components. Track bars and scroll bars

After creating the COLORS project, platiee TrackBarcontrol (named

trackBaplon Formland set the ppeerties for the form anthis controt
Properties
Forml:Text = Colors, StartPosition = CenterScreen
trackBarl:LargeChange = 32 Maximum = 255

TickFrequency = 32, TickStyle =  Both

With trackBar#till selected, press Ctrl+(®ne time)and then Ctrl+\four
times. As a result, four moré&rackBacontros namedrackBar2 trackBarill
be added to the form, anir all thesecontrok, all the property value@with the
exception oNameandLocationwill be the same aslues of the corresponding
properties of th@érackBartontrol (note that such copying ebntrok can also be
performed using the for@m context menu).

For thetrackBartontrol additionally set th&alugoroperty to255 (for oth-
er TrackBacontrok, this property should remain etjga 0). Place allcontrok
on the formfrom top to botton{see Fig18.1).

After that, place five labeldabelli label® on the form and set theirext
properties tAlpha, Red, Green, Blue, Gray, respectively.

The labels must begertically alignedto the middle of the corresponding
TrackBacontrok (see Fig18.1). For this it is convenient to use thieayout
panel(recall that itcan be displayed on the screen usingMlesv | Toolbars |
Layout menu command To perform alignment, firstlick on one d the
TrackBacontrok, thenclick onthe corresponding lab&lhile pressing the Citrl
key, and then click on thalign Middles button {# on theLayout panel. The
order in which theontrok are selected Egnificant since the alignment is pe
formed on he activecontrol (its markers are white).

Finally, placethe Panelcontainercontrol (namedpanel} at the bottom of
the form and place another labebmedabel® in thiscontrol Set the properties
for label@as follows(the easiestvay to setvalues br theForeColandBackColor
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propertiess to typethese valuesn the keyboard without using tlkeop-down
list):
Properties
label6: Text =  Color,AutoSize = False,Dock = Fill ,
ForeColor = White, BackColor = Black
The final view of theform at thisstage of its development is shown in
Fig. 18.1.

w2/ Colors =N Eol <™
0
Red D
Green D
Blue D
Groy L]

Fig. 18.1. Form1 view at the initial stage of development

Definethe Scrolevent handler fotrrackBarhenconnecthis handler to the
Scrolevents otrackBarR trackBardthe Scrolevent handler forrackBar@ill be
added latenn Section18.3):

trackBarl.Scroll handler
private void trackBarl Scroll(object sender, EventArgs e)
{

label6.BackColor = Color.FromArgb(trackBarl.Value,

trackBar2.Value, trackBar3.Value, trackBar4.Value);
}

For thepanellcontrol set abackground imageA good option is th€hry-
santhemum.jpg file located in the Windows 7 system image directoy-
ers\Public\Pictures\Sample Pictures Windows 10 does not include this file,
but it can be downloaded fronthe archive.orgveb-site using the link
https://archive.org/details/Chrysanthemum_20160913

To set theChrysanthemum.jpg file as the background image for thanell
control first select tis controlin the form(since thepanellcontrolis underla-
bel6 the easiest waito select this label and then press the Esc key). Ten s
lect theBackgroundimageoperty of thepanellcontrol in the Properties win-
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dow and click theellipsis button [..]. In the Select Resourcevindow that @-
pears, do the following steps to load the resggiimage (recall that these steps
were previously described in Sectiof.1): press thémport button (if the bt

ton is unavailable, then first select tAmject resource fileradio button)in the
new Open window, select thaequiredimagefile andthen click the Open but-

ton or press the Enter kewfter performing the described actions, the name of
the selected file will appear in the list of resources and will be highlighted; in
addition, an image taken from this file will appear on the figirtdside of the
Select Resourcavindow. It remains to close th&elect Resourcavindow by
clicking OK. As a result, th&ackgroundimageoperty ofpanellwill be set to
COLORS.Properties.Resources.ChrysanthemumIn addition, a new item
Chrysanthemum.jpg will appear in theResourcessection of theSolution Ex-
plorer window. It should be noted thateéhbackground image @anel is ove-
lappedwith label6so we cannot seean the formyet.

Usenonaspect ratio scalingor the background image panelly setting
the BackgroundimageLaymaiperty toStretch (see Sectior21.4 for more in-
formationon imageview modes.

Result The background color débelGs defined as a combination of four
color componentsnamely transparencyAlpha) and the intensity of the the
base colorsRed Green andBlue Each colorcomponentcan vary from 0 to
255; a value of 255 for the Alpl@mponentorresponds to full opacity. In our
program, the values of the coloomponerg are set by the position of tifeur
correspondingra&Barcontrok (the trackBargontrol is not used yet). Because
the panelunderlabel6contains a backgrounidhage this image can be seah
atransparency levéllphais less thar255.

Comments

1. Although the VisuaStudioform designer provides a convent way to
align controk relative to each other (as well as relative to form boundaries) by
simple dragging and droppingontrok across the form, thieayout panel is
very usefulin some casedn particular, it allows you to easiblign groups of
contmols, increaseproportionally the horizontal or vertical spacing between
controk, set the selectedontrok to the same width or height, change the
z-coordinate of aontrol by moving itfupo or idownd (for z-order, see€Com-
ment4 in Section9.1).

You canadd to this panel new buttons by clicking théd or Remove

Buttons item 3 on the righthandside of this panel. From the drojown list of

buttons that appears, you can select, for instance, the buttons for cetaring
trol or groupng controk horisonally or vertically in the formas well aghe
shortcut button fothe Tab Order menu item(for this menu itemseeCom-
mentlin Section 8.1).

2. TheTrackBacontrol (atrack bar, or aslider) is convenient to use intsi
uations when you need to set a paeger that accepts integer values from




166

acertain (not too large) range. When configuring ttaekBartontrol in our
project, we set the values of the following propertlesigeChangstep when
pressing the PgUp and PgDn keydaximun(the maximum allavable value),
TickFrequengthe delta between tiakarks drawr), TickStyle ¢he view of the
tick mark9, andValugthe current value of thieack ba). There was no need to
change the other properties, asea@ usedheir default values. Laislist some
of these propertiesSmallChang@vhen pressing the arrow keys, by default
Is 1), Minimunfthe minimum allowable value, by defausdt 0), andOrientation
(determines the orientation of theack bar the default isHorizontal). Note
that changing the slet by theLargeChangealue is performed not only when
you pressPgUp orPgDn, but also when you click oncantrol to the left or
right of a dider that marks the current value of ttrack bar(a slider is also
called athumbor scroll boX).

3. TheTracBarcontrol has one drawback: when changingfitisickness
(that is, the vertical sizdeightn the case of a horizontal orientation or the-ho
izontal sizeWidthin the case of a vertical orientation), ttnack barelements
are not centered relative its new borders, and theack barsize is not prope
tionally changed (note that the thickness of titaek barcan only be changed
when theAutoSizeroperty is set td-alsg. This makes it impossible to use
track barsof a small thickness

If the defaulttrack barthickness is not suitable, you can use alternative
controk with similar properties: horizontal and verticaoll bars HScrollBar
andVScrollBatn doing so, however, two important points shouldden irio
account

First, by default, the @oll bar cannot receive focsven when the mouse
is clicked on it). If this behavior is undesirable, then you should set the value of
its TabStoproperty toTrue.

Second, the maximum value that tWialueproperty of the scrolbar can
take isMaximuni LargeScroll + that is, it can bdessthan MaximumSuch
astrange, at first glance, behavior turns out to be actually quite natumee,
the LargeScrolalue for the scrolbar determines not only the step when gres
ing PgUp or PgDn, but also th&e (width) of theslider relative the entire
scroll bar, and the/aluepropertycorresponds to the position of tekder bor-
der (more precisely, the left border for a horizontal scbalf and the top e
der for a vertical one). Therefore, if, for exampheMinimurproperty is 1, the
Maximunproperty is 10, and théargeScrols 5, then theslider will have
awidth that is half the width of the scroll area, and, therefore, when it is moved
to the right (or down for a verticakroll bay, its left (respectively, upper) e
der will be located only at the value this value will be thenaximum possible
value of the Valueproperty (see the above formula). Note that this behavior is
well suited for scrolling through text information using a vertical $dvat, if
we assume that théaluegpropertycorresponds to the number of ttog line of
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text displayed on the screem the example above, witflalue = 6the last 5
lines of the textwill be displayed on the scredfrom 6 to 10 and further
scrolling down is no longer required.

If scroll bars were used in our example, thenprovide a range ofi@55
for the Valugproperty whileLargeScrao 32, theMaximumroperty would have
to be set t®86(that is,255 + LargeScrioll). Of course, all such prédms are
removed if we setargeScradiqual to 1, however, in this case, diality to it-
erate over values with a large stépr example, using the PgUp and PgDn
keys)will be lost.

Concluding a brief overview of the features of scbats, we note thaus-
ing theirScrolkevent handler, you can very flexibly respond to any user actions
related to the scrobar (allowing, for example, not to handle each change in
the Valuepropertyif the user drags thgliderwith the mouse, but react only to
the find value ofthe Valuepropertyat the moment of releasing tekder). The
Scrolkevent of theTrackBatontroldoes not have such capabilities.

18.2. Inverting colors and output color constants

Add new statements to thackBarl Scroiethod
private void trac  kBarl_Scroll(object sender, EventArgs e)
{

label6 BackColor = ColorFromArgb(trackBarlValue,

trackBar2 Value, trackBar3Value, trackBar4 Value);

Color ¢ = label6.BackColor;

label6.ForeColor = Color.FromArgb(OxFF ~ c.R, OXFF * c.G,

OxFF ~ ¢ B);
label6.Text = c.Name.ToUpper();
}

Result The numerical value of the current color in ARGB format (Alpha
Redi Greeni Blue) is displayed on the panel as a hexadecimal number. In this
case, two characters amsedfor each colorcomponentand theletters AT F
(corresponding to hexadecimal digits from 10 to 15) are displayed in upper case.
For example, the color value fararoon(an opaque deep red color of intens
ty 128) isFF8000Q0Text color is opaque andverseto the panel background
color.See als@Comments 1 and 2.

Disadvantagel. When the program startigbelécontains the texColor,
not a numeric value of opaque black color.

Correction. Add thefollowing statemento the constructor of thEorml
class:

trackBar 1_Scroll (null , null );

Reault. Now thetrackBarl Scrolethod is called at the time of form are

tion, which ensures the correct setting of lddeel&ext. When calling the mét
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od, both of its parameters can be sehtd since none of the parameters are
used in this method.

Remark. The noteddisadvantageould be corrected simply by setting the
value of theTextproperty oflabel6to FFOO0000(a numeric value of opaque
black color)in the Properties window. However, the usechethod of correction
is more flexible, since it allowthe initial text of the label to be displayed rco
rectly after any changedo thetrackBarl Scratiethod that can be made later
(see Section8.4).

Disadvantage 2 If transparency is less than lébel6displays less than
8 digits (in particular, with capletely transparent black, the label will contain
asingledigit 0). This way of representing colorircconvenientit is morenau-
ral to always display a hexadecimal number with 8 characters (two characters
for each colocomponent

Correction. In thetrackBarl_Scroiethod replacethe last statemerats fd-
lows:

label6.Text = c.ToArghb().ToString("X8");

Result Now the numberc.ToArgb(s displayed inhexadecimal formak
with capital Latin letterand always contains éharactergwe used the fornta
ting version of thé oStringnethod for thenttype).

Comments

1. Readonly propertiesA, R, G, B of the Colorclass allow you to get the
numerical value of the corresponding cobmmponent To invert each of the
base colm, the bitwise operat » (exclusive OR) is used. When usinye-
sionof theFromArgimethod with three parametdR, G, B)Xhe transparenck
Is assumed to be 255.

2. TheToUppemethod of the string class converts all alphabetic characters
in the strhng to uppercase (the reverse method is nahwawegr Characters
that are not letters are not modified. Thr@JppeandToLowemethods corrde
ly process not only Latialphabetbut also lettersf other alphabets

18.3. Grayscale colors

Definethe Scrolevert handler for therackBarBontrot
trackBar5.Scroll handler
private void trackBar5_Scroll(object sender, EventArgs e)
{
trackBar2 Value = trackBar3.Value =
trackBar4 Value = trackBar5.Value;
}
Result Moving thetrackBarSlider causes all threbase colors to change
synchronously resulting in differergrayscale colors (the transparency value
does not change).
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Error . Although moving the trackBarSlider changes the trackBar@
trackBar4sliders synchronously, this change does not affect the obltabel6
This error is due to the fact thathen theValueproperty is programmatically
changed, th&crolkvent is not raised.

Correction. Add thefollowing statemento thetrackBar5 _Scrwiethod:

trackBar 1_Scroll (null , null );

Remark. If the progran must react not only to changes in the position of
the slider made by the user, but alsoday changes of th&alueproperty, then
we can use th¥alueChangexvent handlerf-or example, if we had defined the
ValueChangevent handler for theackBar®d trackBardontrok instead of the
Scrollevent handler, then the firsessionof the trackBar5 Scratethod would
work correctly.

It should be noted, however, that tialueChangesl’ent handler will be
called much more often than tl&erollevent hadler. In particular, when the
trackBar5_Scrolethod is executed, this handler will be called 3 times.

18.4. Displaying color names

Modify thetrackBarl Scrolethod as follows:
private void trackBarl Scroll(object sender, EventArgs e)
{

label6 BackColor = C olorFromArgb(trackBarlValue,

trackBar2 Value, trackBar3Value, trackBar4 Value);

Color ¢ = label6é BackColor;

label6 ForeColor = Color FromArgb(OxFF ~ cR,

OXFF " ¢ G, OxFF ”~ cB);

label6 Text = c.ToArgh() ToString{"X8");

strings =c.To Argb().ToString("X8");

switch (C.A)

{

case O:
s +=" Transparent";
break;
case 255:
string
sO = ColorTranslator
FromWin32(ColorTranslator. ToWin32(c)).Name;
if (s0.Substring(0, 2) = "ff")
s+=""+s0;
break;

}

label 6. Text = s;
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}

Result In the case whetie current colois associated witla certaimame
(for example Black or Maroon), the panel displays not only the numericdl va
ue of the current color in hexadecimal format, dab ats name. If transparency
has azerovalue, then the textransparent is displayed next to the numerical
value of the color.

Comments

1. All colors that have namegshe named colors are contained in the
KnownCol@numeration. Th€olorstructure hashe ToKnownColorethod that
returns a correspondirtgnownCol@numeration member for any named color
or O if the color is nota named color. However, theusefulnessof the
ToKnownColanethod is significantly limited by the fact that a color was
creded using thé-romArgimethod, then calling thEoKnownColorethod for it
will necessarily return 0 (even if the color with the specifiethponert is n-
cluded in the set of named colors). This behaviduis to the followindeature
of the Colorstrucure: when analyzing (in particular, comparing) structures of
Colortype, not only their colocomponerg are taken into account, but also the
way these structures were created. For example, if the stredtaf€olotype
was created using thgomArgb(@®, O)method and the structuc2 was created
using theFromName("Blackigthod, then they will be considered different; al
hough both represent opaque blackor (note also that the expressioh.Name
will returnff000000and the expressia®.Namavill returnBlack).

2. Since the direaisingthe ToKnownColarethod in our case will not-a
low obtaining the required result, it would be possible to form an array of all
named colorsusing theKnownCol@numeration for thigsee Sectiorl9.1),
and thencompare the color characteristics of each named color with the color
characteristics of the color of interest. However, .Nibfary includesthe
ColorTranslatdiass thamakes it easier to recognize a named cdfgrou cre-
ate a color using theEromWB2 method of theColorTranslatoiass, thenin the
case of a named color, isameoroperty will return the name of the colorhet
erwise,Namewill return the numeric representation of the color in ARGB fo
mat. To be able to apply thromWin3@hethod toan object ofColortype, this
object must first be converted to the integer RGB format usinglrtdwin32
method.Note that when using the methods of tidolorTranslatolass, tras-
parency will not be taken into account, since the color format for WIR&B
forma does not provide such a colcomponent Therefore, wecanuse the
methods of th&olorTranslatolassonly for opaque colors, that is, colongth
Alpha = 253 his approach iperfectlyvalid, sinceall named colorsexcept for
the fully transparent color nametransparent, are opaque. In addition, we
handle the situation of full transparen&ipha = th a special way.

3. Checkings0.Substring(0, I2) ff" allows us to determinaf string sOcon-
tainsa color name ora numeric representatioof a color In the latter case, the
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stringsOalways starts with twéf characters, correspondingAdpha = 258ul-
ly opaque). To get a substring of stris@ the Substring(start, lem@thod of the
stringclass is used, which returns a substringeafjthlenstarting at the chaca
ter with indexstart There is a &rsionof this method with onstartparameter;
this versionreturns the rest of the string, starting atstetcharacter.

18.5. Controls and their associated labels

Modify the Textpropertiedor labelslabelli label%y addng the & chara-
ter. &Alpha, &Red, &Green, &Blue, Gra&y (see Figl8.2). for aGray la-
bel, the & characterselectshe last letter, since all previous letters have already
been used as selected characters in other labels.

a2 Colors B
=3 i
Red D
Green |
Blue D
Gy L

Fig. 18.2. The finalview of Form1

Using theView | Tab Order menu command (se€omment 1 inSec-
tion 8.1), set th& ablndeproperty values$or controk placedon the formas fd-
lows: labelli O, trackBarl 1, label2 2, trackBar2 3, label3 4, traclBar3i 5,
labeld 6, trackBar# 7, label5 8, trackBarb 9.

Result Switching betweentrack barscan now be done using Alt
combinations of characters underlined in degelsto thetrack bargAlt+A for
the track barthat determines the transparen&jt+R for the track barthat de-
termines the intensity of thredcolor, etc.).

Remark. If, when starting the program, there are no undetlile¢tersin
the labels, then press the Alt key. In addition, the cutrank bamay not have
a selection framel o display the selection frame, press the Tab key.

Comment

If the Alt-combination is assigned tocamntrol that cannot receive focus

(for example, theLabelcontrol), then when such a combination is pressed,
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anattempt is made to set focus on tiextcontrol (that is, on theontrol with
agreaterTablndeyroperty value). If severalontrok have the sam&ablndex
property value, then they arselectedin z-order, that is, in ascending
z-coordinate (foz-order, se€€omment4 in Section9.1).

18.6. Anchoring controls

Change thenchoproperty for thetrackBarl trackBarSontrok by setting
it to Top, Left, Right. When setting thénchoproperty in theProperties win-
dow, a special panel is displaydab configure the required option in this panel,
select be line leading to thaght border of the panel, since the lines leading to
the top and left border are already highlighted by default).

Using similar actions, set thenchoproperty of thgpanellcontrolequal to
Top, Bottom, Left, Right (in this casein the Anchoproperty settings paneles
lect the lines leading to tHettomandright borders, leaving also selected lines
leading to the top and left borders). We emphasize that it is necessary tp confi
ure theAnchoproperty ofpanellnotlabel6éwhich is contained in the panel

Result If you change the size &formlduring program execution, the size
of thecontrok will be adjusted in accordance with the new size of the:ftiren
trackBarl trackBar®rack barschange the width, thpanellpanelchangethe
width and heigh{see Fig18.3. See als€omment 1.
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Fig. 18.3. View of the runningCOLORSapplicationafter increasing the size of the form

Disadvantagel. When you reduce the size of the form, a situation may
arise wherpanél is no longer \sible, and thérack bardoecome too narro\isee
Fig.18.4)

Correction. Add thefollowing statemento the constructor of thEorml
class

MinimumSize = Size;
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Fig. 18.4. View of the runningCOLORSapplicationafter decreasing the size of the form

Result Now thesizeof the form can only be increased (compared tarthe
itial one), since the minimum allowabteze of the form, determined by the
MinimumSizproperty, matchs the initial size of the form stored in th&ize
property (se€omment 2).

Disadvarntage 2. If you increase the size of the form (the siz@ahelwill
increase accordingly), themvhen you change the position of the track bars,
flickering occurs on the panel (in particular, the background image appears for
awhile, even in the case abmpletely opaque colors). It is interesting to note
that flickering does not occur on the part of the panel that matches its initial size.

Correction. Change theDockproperty oflabel6to None and definethe
Resizeevent handler foForm1

Forml.Resize handler
private void Form1_Resize(object sender, EventArgs e)

{
label 6. Size = panell. Size;

}
Result Now there is no flickeng at any size of the form (s€&mmment 3).
Comments

1. The Anchoproperty is responsible for anchoringw$ual controk. For
any control, by means of this propertyou can specifyhe kordersof the form
(or rather, the parembntrol to anchor By default, mostontrok are anchored
to the top and left borders. When floem is resized, the distance from fian-
chored bordersto the bounds of theontrolremains unchanged.

If the controlis not anchored to any of the vertical borders, tinvdren the
form is resized, the width of theontrolwill not change and its distance to the
left and right borders will change synchrongqu&nsuring that its relative pes
tion with respect to these borders is preserved. A similar effect is achieved
whenthe controlis not anchored to any of therizontalborders

Let usgive an example. If you placecantrolin the center of the form and
setanchoringto all borders, then whenever the form is resizbd control will
remain in the center of the form and its size will change. If, howeweha-
ing is completely removeébr such acontrol (that is,if its Anchopropertyis




174

set toNone), then thecontrolwill still remain in the center of the form, but its
size will not change.

Another way to keep the size and positiorcohntrok in sync with respect
to the form isdocking which can be set using tiigockproperty (docking is
discussed irdetail in Sectior21.3). These methods are mutually exclusive: if
you change the default value for Anchoor Dockproperty, the other property
will automatically change to the default.

2. In addition to thélinimumSizmoperty used to correct tiokadvantage 1
there is a similaMaximumSiz#operty that allows you to limit the maximum
size of the form. If you do not need to restrict the sizesdonedimension, then
it is enough to set the corresponding coordinate of NliemumSizand
MaximumSizeoperties to 0. Note that all visuabntrok alsohave these pp
erties; by default, each of themQs0, that is, there is no size limtion

3. Thedisadvantage is apparently connected with the not quite correct
implementation of thd-illdocking mo&, which we used to makabel6écom-
pletely overlap the client area pénellTo correct this, wéurned offdocking
mode; instead, we explicitly residabellto fit the panel using the for@
Resizeevent handler, which is executed whenever the fomasized.
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19. Drop-down list and list box: LISTBOXES project

The LISTBOXES project isrelatedto the ComboBo&nd ListBoxcontrok
that implement theombo boxdrop-down list andlist box Methods for pe
forming standard actions on list items (addinggetiey, inserting, changing the
order, etc.) are considered, and actions are described that allow yowvedst
items in draganddrop mode. The project also covers Km@ownCol@anumea-
tion and theBeepmethod of theConsolelass.

19.1. Creating and using drop-down lists

After creating the LISTBOX1 project, place tbemboBoxdndpanellon-
trolson FormXFig. 19.1). Set the properties of the form and the aduedrok:

Properties
Formi: Text = ComboBoand ListBox, MaximizeBox= False,
FormBorderStyle = FixedSingle , StartPosition = CenterScreen

comboBox1: Text = empty string ,DropDownStyle = DropDownList
panell: BorderStyle =  Fixed3D

o5 ComboBox and ListBox \E\ [=] @

Fig. 19.1. Form1 view at the initial stage dévelopment

Note that by setting theDropDownStypeoperty of thecomleBoxI1control
equal toDropDownList, we thereby disabled the ability fgout new values for
this control(only values from the existing list are allowed to be selected).

Thus, theCombBoxcontrol allows you to create not only ordinadyop-
down lists but also dropdown lists that allow text input (such a control is called
acombo boxsince it combines the properties of lists &d boxes).For combo
boxes, thédropDownStypeopertymust be set t®ropDown.

Add new statements the constructor foihie FormXlass
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public Forni()
{

InitializeComponent ();

string[] s = Enum.GetNames(typeof(KnownColor));

int n1 = Array.IndexOf(s, "AliceBlue"),

cnt = Array.IndexOf(s, "YellowGreen") - nl+1;

string[] sO = new string[cnt];

Array.Copy(s,nl1,s0 ,0.cnt);

comboBox1.ltems. AddRange(s0);

comboBox1.Selectedindex = 0;

}
Define an event handler for th&electedindexChangedent for the
comboBoxdontrot

comboBox1.SelectedindexChanged handler

private void comboBox1_SelectedindexChanged(object sender ,
EventArgs e)

{
panell.BackColor = Color.FromName(comboBox1

Items[comboBox1.Selectedindex].ToString());

}

Result When the program starts, the dvdpwn list containsiamesof all
named colorgsee Section 18, Comment 1) Thenamesare listedalphabetick
ly. Selecting anamefrom the list changes the color g@nellaccordingly.

Comments

1. When forming a list of alhamedcolors, theKnownColanumeration
was used. Thisnumeratiorstarts with the names of tilsgstem colorgthat is,
the colas associated with various Windows elements; this group consists of
26 names), therhere isthe Transparent color (which is defined as trangpa
ent white), and then the names of the regular cébtisv in alphabetical order
(from AliceBlue to YellowGreen; the number of named regular colors is 140).
In .NET 2.0,severmore system colors were added to¢heof theKnownColor
enumeration.

We can get an array of all names in the enumeration usinG#tames
method. TheCopymethod of theArrayclass is usd to select a range thatnco
tains only names ofegular colors. The color indicesf the AliceBlueand
YellowGreerolor namesare déerminedusing thelndexOmethod of theArray
class (the explicit constants 28 and I®uld have been used, but this wdu
make the program less understandable).

2. To add the next item to the drdpwn list,we canuse theAddmethod of
the Itemscollection property of th€omboBozontrol However, ifwe want to
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immediately addall elements from some array of stringsthe list(as in our
case), it is more convenient and faster to usé&twRangmethod.

3. Notethat the items of thkemscollection are described abjectso you
need to use th€oStringnethod to get their string representation.

19.2. List box: adding and removing items

PlacelistBox,lpanel2two labelslabellandlabelzon Formi(the panelZon-
trol should be placed und#re panelilcontrol as shown in Figur&9.2). Setthe
properties of the addembntrok:

Properties

panel2: BorderStyle = Fixed3D

labell: Text= AddAutoSize = False,TextAlign=  MiddleCenter,
BorderStyle = FixedSingle

label2: Text = Delete, AutoSize = False,
TextAlign = MiddleCenter, BorderStyle =  FixedSingle

o5 ComboBox and ListBox E [=] @
[ —— [ —— 0
v| Add listBox1
O o
i O O

Fig. 25.2. Form1 vievat theintermediate stage of development

Define hamllers for theSelectedindexChangeent for thdistBoxXontrol
andfor the Clickevents for théabellandlabelZontrok:
listBox1.SelectedindexChanged, labell.Click, label2.Click handlers
private void listBox1_SelectedindexChanged(object sender,
EventArgs e)
{
panel2.Visible = listBox1.ltems.Count > 0;
if (listBox1.Selectedindex == -1)
return;
panel2.BackColor = ColorFromName(listBox1
Items]listBox1.Selectedindex].ToString());
}

private void labell Click(object sender, EventArgs e)
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{
listBox1.Selectedindex = listBox1.ltems.Add(comboBox1.Text);

}

private void label2_Click(object sender, EventArgs e)

{

listBox1.ltems.RemoveAt(listBox1l.SelectedIndex);
}

Result When you click on thé&dd label,the selected color nanfieem the
comboBxldrop-down list is added tbstBoxknd alsaPanelZolor corresponds
to the selected list item. If the libbx is empty,panelds not displayed on the
form. Clicking on theDeletelabel removes the selected item from the bisk
See alscCommentsli 2.

Disadvantage After performing the delete operation, tist box does not
contain any selected ite(although thatem surrounded by a frame remains). In
this situation, the&electedIndgproperty of thdistBoxXontrolis 11, so clicking
the Deletelabel again results in a runtime error (siiideis not a valid value for
the RemoveAnethod). For the same reason, clicking onDe¢etelabel in the
case of an empty ligtox results in an error.

Correction. Change théabel2_Cligkethodas follows:

private void label2_Click(object sender, EventArgs e)

{

int i = listBox1.SelectedIndex;

if(i== -1)

{

Console.Beep();
return;

}

listBox1.ltems.RemoveAt(i);

if (i == listBox1.ltems.Coun t)

-
listBox 1.Selectedindex =1i;
}

Result When you delete an item in the middle of the list, the selecgon
mainsat its current position (which is now occupied by the next item). When
you delete an item at the end of the list, the previous igeselected Thus, if
the list is not empty, it always has a selected itéryou click theDeletelabel
when the list is empty, you will hear a beep (see Comment 3).

Remark. Note that in thdistBox1 SelectedindexChangegttod, we have
provided speciahandling of the situatioBelectedindexi 1, since this situation
occurswhen a list item is deleting.
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Comments

1. The selected list item is displayed on a colored (usually blud) bac
ground. If the list has focus (that is, it is the acteatrol of the form) and the
Tab key has been usatlleast oncéo switch betweetorm controk, then the
selectedtem is additionallyoutlinedwith a dotted frame. Amtem surrounded
by such a frame is calledcurrentitem

In some interface librariegpu candistinguish between the current anel s
lected list item. This is very useful when a list can contautitiple selected
items. However, although thHastBoxcontrol in the Windows Forms library
has aSelectionMogoperty that allows you to set thaultiple séection mode
the above mentioned ability to determine the current list itemtiprovided in
this library. In other words, if several items are selected in the list, then you can
find out by software meanwhich items are selected (that is, highlightetut
there are n@asyway to determine which item is current (thataatlined with
a dotted frame This circumstance makes it difficult to work withulti-
selectionlist box, since it does not allow programmaticallacéngto change
in its importart characteristi¢ the position of the current item.

When developingVindows Formsapplicationsit is preferable to use a list
of checkboxesdalleda checked list bgxrather than amulti-selection list box
(see the CHECKBOXES projedChapter 2J) since along with the ability to
work with the current (and at the same tjreelected) item, the usex able to
mark any number of list items by settitgeir checkboxes (thus, when using
the checked list box, the program has access to all information ladtbutur-
rent and markedtist items).

2. To see the change in tlearrent list item during various operations, it is
necessary that the list does not lose focus. Therefore, we connected tihe exec
tion of list operations withlabels since thesecontrok, unlike usual buttons,
cannot receive focus. Thus, there are only ¢taotrok on the form that camre¥
ceive focuscomboBoxAndlistBox1By switching between them using the Tab
key, it is easy t@heckthefeaturesof displaying a list with and without focus.

3. In addition to thé&8eepmethod without parameters, tl®nsolelass has
a ersionof this method with two irger parametersthe first parameteide-
termines the sounfitequency(in the range from 37 to 32767 Hz), the second
determineghe soundiuration (in milliseconds).

19.3. Additional list operations

Place five new labelslabel3i labely on Formland set their properties
(since theAutoSizeTextAligrandBorderStylgroperties have the same valdes
all labels it is convenient to set them at thergatime having previously sekec
ed all labels on the form).

Properties
label3: Text = Insert , TextAlign =  MiddleCenter,
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AutoSize = False,BorderStyle =  FixedSingle

label4: Text=  Move UpTextAlign =  MiddleCenter,
AutoSize = False,BorderStyle =  FixedSingle

label5: Text =  Move DowextAlign =  MiddleCenter,
AutoSize = False,BorderStyle =  FixedSingle

label6: Text =  Save To File , TextAlign =  MiddleCenter,
AutoSize = False,BorderStyle =  FixedSingle

label7: Text = Load From File , TextAlign =  MiddleCenter,
AutoSize = False,BorderStyle =  FixedSingle
Arrange thenew labelsas shown in Figl9.3.

o5 ComboBox and ListBox E [=] @
s ] ]
vl ‘ Add ‘ listBox1

‘ Delete ‘

‘ Insert ‘

‘ Move Up ‘[j ]

‘ Move Down ‘

‘ Save To File ‘

‘ Load From File ‘
[ [ M|

Fig. 19.3. The finalview of Form1

At the top of thd=orml.csfile, add thedirective
using System|O;
Definethe Clickevent handlers for the addidbels
label3.Click, label4.Click, label5.Click, label6.Click, label7.Click
handlers
private void label3_Click(object sender, EventArgs e)
{
int i = listBox1.SelectedIndex;
ifi== -1)
labell_Click(this, null);
else
{
listBox1.ltems.nser t(i, comboBox1.Text);
listBox1.SelectedIindex = i;

}
}
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private void label4_Click(object sender, EventArgs e)

{
int i = listBox1.SelectedIndex;
if (i<=0)
{
Console.Beep();
return;
}
object x = listBox1.ltemsi];
listBox1.ltemsi] = listBox1.ltemsi - 1];
listBox1.ltems]i - 1] =x;
listBox1.SelectedIindex = i - 1;
}
private void label5_Click(object sender, EventArgs e)
{
int i = listBox1.SelectedIndex;
ifi== -1]]i==IistBoxl.ltems.Count - 1)
{
Console.Beep();
return;
}

object x = listBox1.Iltems]i];
listBox1.ltems]i] = listBox1.ltems[i + 1];
listBox1.tems[i + 1] = Xx;
listBox1.Selectedindex =i + 1;

}
private void label6_Click(object sender, EventArgs e)
{
if (listBox1.ltems.Count == 0)
{
Consde Beep();
return;
}

File WriteAllLines("LISTBOXES .dat",
listBox1.ltems.Cast<string>());

}

private void label7_Click(object sender, EventArgs e)

{
if (IFile Exists("LISTBOXES dat"))

{
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Console.Beep();
return;

}

listBox1.ltems.Cl ear();

foreach (var el in File.ReadLines("LISTBOXES.dat"))

listBox1.ltems.Add(el);
listBox1.Selectedindex = listBox1.ltems.Count - 1
}

Result Clicking on thelnsert label inserts a newem in front of the &-
lected one and selects the insertedn (in the case of an empty list, thesert
command and thAdd command perform the same actions). Mmve Up and
Move Down commands allow you to move the selected item up and down the
list, respectively, while maintaining its selection (when you tryntive the first
item up or the last item down, a sound signal is generated)Save To File
command allows you to save the contents of a-empty list in the
LISTBOX ES.dat file, the Load From File command allows you to load data
from this file into the ikt (if the file ismissing a beepsoundswhen trying to
load data).

Comments

1. When implementing new actions, timsert(inserting a new item at the
specified position) an€lear(clearing the list of items) methods of tliems
collection of theList®xcontrolwere used.

2. To check ifafile exists, we used théxistamethod of thd-ileclass.

To write a collection of strirgjto a text file and read the contents of a text
file as a collection of strirgy it is convenient to use two static methodshws
Fileclass:WriteAllLineend ReadLinesThese methods automatily opena file
with the specified name, perform the required actiand then clos it.

The WriteAllLinesethod requires you to specitye collection of strings to
write, either as m array or as a sequence (Bhumerable<strinlype); a &-
quence of the required type can be obtained fronttémescollection using the
Cast<string=INQ query

When reading strings from a file, you do not need to perform any tytpecas
ing: it is enoughto organize doreachoop, in which all the lines read from the
file by theReadLinesiethod will be processed.

19.4. Performing list operations with the mouse

Connectthe DoubleClickvent of thelistBox1control to the existingla-
bel2_Clickandler.
Set theAllowDroproperty of thdistBoxTontrolto True and add a fieldSrc
(anindex of sourckto theFormXlass
private int iSrc;




183

This field will contain the index of the item being draggeom listBoxin
draganddrop mode
Define theMouseDowevent fandlers for thecomboBoxand listBoxIcon-
trols and thédragEnteandDragDropvent handlers for tHestBoxXontrot
comboBox1.MouseDown, listBox1.MouseDown, listBox1.DragEnter,
listBox1.DragDrop handlers
private void comboBox1 MouseDown(object sender, MouseEventArgs e)
{
if (e.Button == MouseButtons.Right)
DoDragDrop(comboBox1.Text, DragDropEffects.Copy);
}

private void listBox1l MouseDown(object sender, MouseEventArgs e)

{
if (e.Button == MouseButtons.Right)

{
iISrc = listBox1.IndexFromPoin t(e.Location);
if (ISrc != ListBox.NoMatches)
DoDragDrop(listBox1.ltems[iSrc].ToString(),
DragDropEffects.Move);
}

}

private void listBox1_ DragEnter(object sender, DragEventArgs e)

{
e.Effect = DragDropEffects All;

}
private void list Box1_DragDrop(object sender, DragEventArgs e)
{
if (e AllowedEffect == DragDropEffects.Move)
listBox1.ltems.RemoveAt(iSrc);
string s = e.Data.GetData(typeof(string)) as string;
int iTrg = listBox1.IndexFromPoint(listBox1
PointToClient(new Po int(e.X, e.Y)));
if (ITrg == ListBox.NoMatches)
listBox1.Selectedindex = listBox1.ltems.Add(s);
else
{
listBox1.ltems.nsert(iTrg, S);
listBox1.Selectedindex =iTrg;
}
}
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Result When you doublelick on an item in the list, this item removed
(due toconnectinghe DoubleCliakvent of thdistBoxXTontrolto thelabel2 Click
handler). In addition, you can now use the daagdrop modeto move a list
item to a new position: jugresstheright mouse buttoron any (not necessarily
sekcted)list item and drag it to a new locatioviou can also drag and drop text
from thecomboBoxdrop-down list into the list boxlf the text is doppedonto
an existing list item, it isnsertedat the specified positignf the text is dopped
into a free area othe listbox, it is addedto the list. In any casehits item will
becomeselected.

When dragging text from theomboBoxdrop-down list, the cursor image
contains the+o0 sign, which meansthe Copy drag effect when dragging the
listBox1ist item to a new location, the cursor does not containfitiesign,
which meanghe M ovedrag effect See als€Comments 13.

Disadvantage At the beginning of dragging from the drdpwn list, the
cursor looks like @rohibition sign .

Correction. Set theAllowDroproperty of thecomboBox&ontrol to True
and definghe DragEntezvent handler for theomboBoxdontrot

comboBox1.DragEnter handler
private void comboBox1 DragEnter(object sender, DragEventArgs €)

{
e. Effect = DragDropEffects. Copy

}

Result Now, when dragging an item from the drdpwn list, the cursor
over this listwill have a permissive viewalthough, of course, dropping the item
over the drogdown list will not have any effect). Note th#tdragging is started
from thelist box, thecursor above theomboBoxdontrolwill have a prohibiton
sign; this is quite corre@ndis due to the fact that the drolown list as a drop
receiver reacts only to theopy drageffect

Comments

1. We havechose@ the right mouse button as the initiatof the dragand
drop modesinceboth thecomboBoxdrop-down list and thdistBoxist box
should respond to the left mouse button in the standard way: when left
clicking, the dropdown list expandand the itenof the list boxis selected. In
addition,we have also associated a special action (deleting anwgmylou-
ble-left-clicking onlistBoxl1If the draganddrop mode were activated by pses
ing the leftmousebutton, then the standard actions associated with the keft bu
ton would be impossible foerform.

2. Methods, eventsand properties associated with diaagtdrop mode
were described in detail in @pter10. The onlynewfeature of tis dragand
drop implementation is the use of thelexFromPointfpethod of the_istBox
control This methodallows you to determine the index of the list item contai
ing pointp with the specified coordinates (if the specified point does not co
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tain a list item, then thenethodreturns thespecial valud.istBox.NoMatches
The IndexFromPointnethod is used in & listBoxl MouseDowand
listBox1 DragDroandlers. Since this method requires specifyingdhbal co-
ordinates of poinp relative to theListBoxcontrol and onlyscreencoordinates
can be obtaineth the draganddrop event handlersve have to additinally
use thdistBox1.PointToClier@thodin thelistBox1 DragDroandler Note that
we do not need to call th listBoxl.PointToCliemethod in the
listBox1 MouseDotwandler, since thdéocal coordinates are returned in the
mouse event handlers.

3. Dueto the use of different dragffects(Copy and Move), the usercan
determineby the type ofdrag cursorwhich controlis the data sourceh(s is
comboBoxtbr the Copy effect andlistBoxXor the Move effec). By checking
the current dragffect (namelythe e.AllowedEffgmtoperty) at the beginning of
thelistBox1_ DragDnmethod,we determine whether the source item should be
removed from the list.



186

20. Checkboxes and checked list boxes:
CHECKBOXES project

The C(HECKBOXES project isrelatedto the ChecBoxand CheckedListBox
controk that implemeng checkbox and list of checkboxes (called a checked
list box). Methods for checking and changing the stateh&fckboxsare cm-
sidered, as well as the features of usihgckboxs that take three states.

20.1. Checkboxes and checking their state

After creating the CHCKBOXES project, place three checkboxes
(checkBoxL checkBoy3three labelslébelli label3, and a buttor{buttonLon
Form1Setthe properties of the form and the addedtrok and arrange theon-
trols as shown in Fig20.1.

Properties (Form1 and its controls)
Forml: Text = CheckboxesMaximizeBox = False,

FormBorderStyle = FixedSingle , AcceptButton = buttonl

checkBox1: Text = Group 1, RightToLeft=  Yes
checkBox2: Text = Group 2, RightToLeft = Yes
checkBox3: Text = Group 3, RightToLeft=  Yes
label 1Klabel 3: Text = No items selected

button 1: Text = Select |tems

o2/ Checkboxes =N Mol ™5
Group 1 Mo items selected
Group 2 Mo items selected
Group 3 Na items selected
o Ll o
m Select ltems O
O O O

Fig. 20.1. Form1 view

Since thdabell label3abels have the same value of Textproperty, it is
convenient to set this propeffor all labels at ongeafter selecting them.

Add a new form to the project (it will be namé&drm2 and place three
CheckedListBoxontros on it (they will be named checkedListBoxi
checkedListBgxas well aghe buttonbutton Setthe properties foForm2and its
controk. When defining thééemsproperty ofCheckedListBorntrok, a special
dialog box is used; in our case, et ofnumbers must bmputinto thisdialog
box (5 numbers forcheckedListBgx4 numbers focheckedListBgx2 numbers
for checkedListBgx8/ping each number onsgparate line
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Properties (Form2 and its controls)

Form2: Text = Select Items ,MaximizeBox = False,
MinimizeBox = False, FormBorderStyle = FixedDialog,
StartPosition =  CenterScreen ShowlInTaskbar = False,
AcceptButton = buttonl

checkedListBoxl:ltems= 1 2 3 4 5,CheckOnClick = True

checkedListBox2:ltems= 1 2 3 4,CheckOnClick = True

checkedListBox3:ltems= 1 2 3 4 5 6,CheckOnClick = True
buttonl:Text = OKDialogResult=  OK
Arrange thecontrok a shown in Fig20.2

Select Items @

s L P —
e La M=
[ae B & T SN L T LS R

Y
d ok b
(m O

m
(.}

Fig. 20.2. Form2 view

Add a new field to th&ormXlass delaration:
private Form2 form2 = new Form2();

In the constructor of theormXlass, add thetatement
AddOwnedFofform?2);

Definethe Clickevent handler fobuttonbn Forml andthe FormCloseglvent

handler forlForm2

buttonl.Click handler for Form1
private void button1_Click(object sender, EventArgs e)
{

form2.ShowDialog();

}

Form2.FormClosed handler
private void Form2_FormClosed(object sender,
FormClosedEventArgs e)

{
for (int i =1; i <=3; i++)
/Il process ing each group of checkboxes
{

string s =",
CheckedListBox clb =
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Controls["checkedListBox" + i] as CheckedListBox;
int k = clb.CheckedIndices.Count;
if (k ==0)
s =" No items sel ected";
else
if (k == clb.Iltems.Count)
s =" All items are selected ";
else
{
foreach (int j in clb.CheckedIndices)
s=s+""+ clb.Items[j].ToString();
s =" Selected" + s;

}
/l display inf  ormation about checked items
/Il in the corresponding label of Forml
OwnerControls [" label "+ i]. Text = s;

}
}

Result When you openthe Select Itemsdialog box,then check some
items in each checkbox group (calledleecked list bgx andfinally closethe
dialog box by clickingOK or pressing Enterthe mainCheckboxesform dis-
plays information about theheckedtems in each group. Theheckboxe®n the
main form are not used yet.

Comments

1. Tocheckan item (or uncheck achecked itemin the checked list box
you can select th item using the arrow keys and press the spacebar. The
method of action using the mouse depends on the value @hbekOnClick
property. If this property is set t6alse (the defaultvalue), then clicking an
item seleds this item (makes it highlighted) bdbes not changis state yetto
change the state of tltem, you must click on an already selected item again.
If the CheckOnCligkoperty isTrue, clicking an item immediately changes its
state. The second wagems more natural, since this is how one checkbox (the
CheckBozontrol) behaves by default.

2. You cantrack user actions related to moving through the list of khec
boxes and changing their state using the handlers of two events.

The SelectedindexChangs@nt occurs whea user selects atem using
the keyboard or mouse, as well as whsar clicks by the left mouse button
an already selected item (you can determine the index of the selectedsitem u
ing the SelectedIndgxoperty, which isboth readald and writablgindexing,
as usual, is from zero)n addition, theSelectedindexChangaant occurs
when theSelectedIndgxoperty is programmatically changed.
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The ltemCheckvent occurs when a user or prograyntdr change the state
of an item; in thiscase, using the properties of the second pararaeitthis
event handler, you can determine the previous stateC{ihentValygoperty),
new state NlewValye and the iters index (ndeX The CurrentValuand
NewValuproperties are of th€EheckStatenumerated type (with three possible
values:CheckedUncheckedandIndetermingtelt is important to note that the
NewValuproperty can be changed in a handler; this feature is especially useful
when usingthreestate checkboxegee Section 20.3),elbause user actions
cannotset a checked list box item in thedeterminatstate (note that the
CheckedListBozontrol unlike the CheckBoxcontrol does not have the
ThreeStatproperty that allows the user to sequentially set a checkbox in each
of the hree states).

3. The easiest way to get information about checked items is using the
CheckedIndicesllection property, which contains the ioés of the checked
items (that is, items in th€heckednd Indeterminat&tate). The number of
checkeditemscan beobtainedusing theCountproperty of theCheckedindices
collection (of course, thekemscollection, which contains all theems also has
the Countproperty).In addition, there is th€heckedltentollection property,
which contains the checkedmnte themselves.

To get the text associated with an itthwm the Checketdmsor Itemscal-
lection,applythe ToStringnethodto thisitem.

If you need to obtain the state of & item you can use the
GetltemCheckState(method of theCheckedListBorntrd, which returnsthe
state of thatem with index ind (the method returns a value of tGdeckState
enumerated type). The paired metHdektltemCheckState(indalkbvs you to
set theitem with indexindto thestatest If the Indeterminattate is notised,
then it is easier to use tligetitemChecked(in@hod (which returns a boolean
value) andthe SetltemChecked(ind, watthod with a boolean parametel
Thetruevalue corresponds to a checked item,fdlsevalue corresponds tan
uncheckedtem

20.2. Global setting of CheckedListBox items

Define an event handler for tiiheckStateChangadent forcheckBoxand
then connect thishandler to theCheckStateChangedent of checkBoxand
checkBox3

checkBox1.CheckStateChanged handler

private void check Box1l CheckStateChanged(object sender,
EventArgs e)

{

CheckBox cb = sender as CheckBox;

string s = "label" + cb.Name[cb.Name Length - 1];

Controls[s].Text = cb.Checked ? " All items are selected
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"No items selected ";
}
Also, change theuttod_Clicknethod ofFormi
private void button1_Click(object sender, EventArgs e)
{
for (inti=1;i<=3;i++)
{
CheckedListBox clb =
form2.Controls['checkedListBox" + i] as CheckedListBox;
bool b = (Controls['checkBox" + i] as CheckBox) Checked;
for (intj = 0;] < clb.ltems.Count; j++)
clb.SetitemChecked(], b);

}
form2. ShowDialod);

}

Result Checking the checkbox on the main form ensures that all items of
the corresponding checked list box will be checkattcheckingthe checkbox
ensures that all items will be unchecked. When you opeSdlest Itemsdialog
box, its checked list boxes are adjusted.

Disadvantage Explicitly made settings in the dialog box do not affect the
appearance of the checkboxes of the main formallisuf someof the items
are selected in the dialog box, then the corresponding checkbox on the main
form is shown in theCheckState.Indetermirsdétde. The necessary corrections
will be made in the next section.

Comment

Instead of theCheckStateChangadent,we could usdhe CheckedChanged

event. Weusedthe CheckStateChangexknt because it (unlike tiéhecked
Changeevent) also occurs when the checkistate changes fro@heckedto
Indeterminate and vice versarhis feature will be useful in thetfure.

20.3. Using checkboxes with three states
Modify the Form2_FormClosadthod ofFormas follows:
private void Form2_FormClosed(object sender,
FormClosedEventArgs e)
{
for (inti=1;i <= 3;i++)
{
strinrg-s—="——
CheckedListBox clb =
Controls["checkedListBox" + i] as CheckedListBox;
CheckBox cb = Owner.Controls['checkBox" + i] as CheckBox;
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int k = clb.CheckedIndices Count;
if (k ==0)
cb.Checked = false;
else
if (k == clbltems Count)
cb.CheckState =CheckState.Checked;
else
{
strings ="";
foreach (intj in clb.CheckedIndices)
s=s+"" + clbltems[j].-ToString();
s = "Selected” + s;
Owner.Controls["label" + i].Text = s;
ch. CheckState = CheckState Indeterminate ;

}
OwnerControls{"label" + i]Text=s;,
}
}

Result If someof the itemsare selected in one of tlvhecked list boxem
the Select Itemswindow, the corresponding checkbox in tGdeckboxeswin-
dow changes its state tadeterminatdlote that the user cannot explicitly set the
checkboxes of the Cheobxeswindow to the Indeterminatgate, becausdor
the checkBox1 checkBox8ontrok, theThreeStte property isfalse(the default
value.

Remark. Note that in the new version of theorm2_FormCloskandler,
the label text changes only wheameof the items arehecked If all items are
checkedor noneof them ischecked then the change in thebkal text occurs in
thecheckBox1 CheckStateChamgedler (se&ection 20.2 which is automat
cally called whenever the checkbox state changes.

Error 1. The textAll items are selectedis always displayed e the
checkbox which is in thelndeterminatgate This error is due to the fact that
when theCheckStategroperty is set tbndetermingtéhe CheckStateChangaaknt
handler is calledput the Checkegbroperty istruein this situation so the coe-
sponding label obtains thiext All items are sdected

Correction. Changethe checkBox1_CheckStateChamgdidod ofFormlas
follows:

private void checkBox1 CheckStateChanged(object sender,
EventArgs e)

{
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CheckBox cb = sender as CheckBox;
if (cb.CheckState == CheckState.Indeterminate)

return ;
string s = "label" + coName[cbName Length - 1],
Controls[s].Text = cb.Checked ? " All items are selected "

"No items selected ";
}

Error 2. When youreopenthe Select Itemswindow, all itemsare checked
in the checked list boxes correspondirggtheindeterminatecheckboxes of the
main window. his error, likeError 1, is due to the fact that tidheckegrope-
ty is truefor both checked andeterminateeheckboxes

Correction. Changehebuttonl_Clickethod of FormZAs follows:

private void b uttonl_Click(object sender, EventArgs e)
{
for (inti=1;i <= 3;i++)
{
CheckedListBox clb =
form2 Controls["checkedListBox" + i] as CheckedListBox;

CheckState cs =
(Controls["checkBox" + i] as CheckBox).CheckState;
if (cs == CheckState.Indeterminate)
continue;
for (intj = 0;j < clbltems Count; j++)
clb.SetltemCheckState(j, cs);

}
form2. ShowDialod);

}

Result Now, in the case oindeterminatecheckboxes, theorresponding
checled listboxesare not changed when tlgelect Itemswindow is opened.
For this, the new version of thitton1 Clickethod uses theontinustatement
which ensures the immediaerminationof the current loop iteration.
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21. Viewing images: IMGVIEW project

The IMGVIEW project describes how to use fheeeVievandListBoxon-
trols and various classes from tBgstem.l@amespace to visualize tdaectory
structure of a computer. In atldn, we describe th&plitContainandPictureBox
controk and discuss issues related to docking and using the Windows registry to
store information about the state of the application and then restore it.

21.1. Displaying a directory tree

Place acontrol of SplitContaingype onForm1(we will call this control
asplit contained. Thiscontrolwill be namedsplitContaineahd will immediag-
ly occupy the entirelient area of the form (since it8ockpropertyis Fill by de-
fault). ThesplitContainecbntrolconsists of twachild panelqthe left one named
Panelland the right one namdehanelp, between these panels there spétter.
Dragging the splitteryou can increase the width of one panel by reducing the
width of the other. Each of the child panels ¢te selected; the properties of the
selected panel are displayed in fperties window. The plitter cannot be
selected; clicking on it selects the enw@itContainecbntrol (note that this is
the most convenient way to select a sptihtainer, gice the rest of it is oce
pied by child pans).

Remark. There isthe Splittecontrolin the .NET visuatontrollibrary, but
after including theéSplitContaineontrolin .NET 2.0,a separate splittezontrolis
usuallynot used

The specifics of workig with theSplitContaineontrolwill be discussed in
the nextsection In thissection we will only use its left pan€Panell Place the
TreeViewontrol (it will be namedireeViewlon this panel and set the properties
of the form and thigontrol Recall that setting thBockproperty in theProper-
ties window displays a special panel; to select the requti#doption in this
panel, click on the central rectangle.

Properties
Forml:Text = Image Viewer, StartPosition = CenterScreen
treeViewl: Dock = Fill ,HideSelection = False

The form will take theview shown in Fig. 21.1.
Add a new directive to the list afsingdirectives at the beginning of the
Form1l.csfile:
using System.lO;
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Fig. 21.1. Form1 view at the initial stage of development

In theFormXlass, define a helper method:
void MakeChildNodes(TreeNode node)
{
node.Nodes.Clear();
if (node.Tag.ToString() =="")
foreach (var drive in Drivelnfo.GetDrives())
{
if (!drive.IsReady)
continue;
TreeNode newNode = new Tradode();
newNode.Tag = drive.RootDirectory.FullName;
newNode.Text = drive.Name;
if (driveVolumeLabel 1="")
newNode.Text += "[" + drive.VolumeLabel + "";
if (drive.RootDirectory.GetDirectories().Length > 0)
newNodeNodes. Add("*");
node.Nodes.Add(newNode);
}
else
{
try
{

foreach (var subDir in Directory
.GetDirectories(node.Tag.ToString()))

{
try
{

TreeNode newNode = new TreeNode();
newNodelTag = subDir;
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newNode.Text = Path.GetFileName(subDir);
if (Directory.GetDirectories(subDir).Length > 0)
newNode.Nodes.Add("*");
node.Nodes.Add(newNode);
}
catch {}
}
}
catch {}
}
}

Define an event handler for thigeforeExparelvent for thetreeViewton-
trol:
treeViewl.BeforeExpand handler
private void treeViewl BeforeExpand (object sender,
TreeViewCancelEventArgs e)

{
MakeChildNodes(e.Node);

}
Add the following statements to tlsenstructor of thé&ormXklass:
TreeNode node = new TreeNode();
node.Tag ="";
node.Text = "My Computer";
node.Nodes.Add("*");
treeViewl.Nodes.Add(node);
treeViewl.SelectedNode = node;

Result When you start the program, tledt panel of the forndisplaysthe
My Computer root nodeof thetree (hierarchical lis) of the directory structure
of computer When youexpandthis node all currently available disks appear
when you expand any disk, &t$ first-level directoriesappear If the dik has
alabel, t is displayed in square brackets next to thk ldiger.

If the directory contains subdirectories, then it can also be expaNdad.
thosenodesthat can be expanded, a speegband markers displayed, usually
i n the form of sign(Fig.3l2aWhen exganding aade fine- 0
mar ker view changdéaiga Toeandmliape sede wi t h
just click on the expandharkeror doubleclick on the name of the required
node A single click on thenodename selects it.

You can also avigate thereeusing the keyboard; thep andDown arrow
keys move the selection tor@delocated above or below the current one, and
the Right andLeft arrow keys expandhe node(if it can be expandedr, re-
spectively, collapse theode(if it is expanded). If thenodeis already collapsed
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or there is no expancharkerassociated with it, then tHeeft key navigates to
the previous level directory (that is, tharentnodefor thisnode)

o Image Viewer EI@
=, Compuie]

+-C\

4D

B

- H\ [Elements]

Fig. 21.2. View of the runningMGVIEW applicationat the intial stage of development

Comments

1. The main feature of th€reeVieveontrol which allows creatingrees
(hierarchical listy is that each of itsodes(of TreeNodéype) itself canbe
aroot of atree Checkboxes can be associated wide nodesit is enough to
setthe CheckBoxeasropertyof the TreeViewontrolto True. In this case, the
treewill contain not only theselectedtem, but also a set @heckedtems. To
check or uncheck a checkbox, you can either click on the checkbox or press the
spae bar.

The main events of th&€reeVieveontrol are BeforeExpan8eforeCollapse
BeforeSelecand BeforeCherlthese eventsccurwhen the user performs the
actions to expand, collapse, selectcloecklincheck someaodeof thetree re-
spectively You can determine for whicliree nodean event occurred using the
Nodeproperty of the parameterof the handler. In addition, the parameger
hasthe Canceproperty that allows you to cancel the specified action (for this,
you just need to set.Cancekqualto trug. There are also théfterExpand
AfterCollapsAfterSelecandAfterCheokvents of th@reeViewontrol

In addition, theTreeViewontrol hasthe SelectedNodgwoperty that allows
you to déermineor change the selected itefirhere is ndSeletedindeprope-
ty for atree

Both theTreeVievand TreeNodelassedhavethe Nodescollectionproperty
that contains all thdirst-level children of thetree or node In addition, the
TreeNodelass haghe followsreadonly propertes: Paren{returns he parent
nodeof agivennodg, Indexthe index of thenodein theNodegollection ofits
paren}, and TreeNodé¢a reference to th&ree that thisnodebelongs to). The
name of the node that appears in tleeis contained in th&extproperty
which isavailable for reading and writing

2. The program uses classes from 8ystem.lamespace the Drivelnfo
class, which allows you to get information about digikicesof the computer
(this class was previously used in the DISKINFO projsee Chapte?), and
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the Directorylnfand Directorglasseswhich allowto get information about the
directory.

For theDrivelnfelass, we use the stati@etDrivesnethod, which returns
acollection of all available disk devices (each member of the collectionas als
of Drivelnftype), and thésReadyNameVolumeLaheindRootDirectoprope-
ties. ThelsReadyproperty checks the availability of the devibmeeturns its
name, and/olumeLabetturns the name of the lal{ehe last two properties are
used to fom anodename corresponding to the root directories of the available
device$. The RootDirectoryproperty is of Directorylnfaype. Using the
DirectoryInfabject, it is easy to determine all the characteristics of the direct
ry: its name Namé, full name (FullNamje an array oDirectoryInfdjjpe with
information about all itsubdirectoriegobtainedusing theGetDirectorigseth-
od), an array oFilelnfoflype with information about all itsles (obtained using
the GetFilesnethod), etc.

The Directry class also hassetDirectorieand GetFilesmethods. These
methods are static; they are useful when you need to get a set of subdirectories
or files for a directory with &nown namgwhich is specified as methodpa-
rameter. In the second part of thizkeChildNoderethod, we uséhe Direab-
ry.GetDirectoriesethod as well asthe GetFileNam&atic method of théath
class from the sam8&ystem.lIvamespace. This method extracts the name,
without the preceding path, from the fully qualified flenameicectory.

3. When using a directory tree in a program, you should not build the entire
tree at once, since the number of directories on hard drives is usually very
large. A more efficienapproachs to build a part of the tree when it needs to
be displayd on the screen. An additional advantagsuafh arapproach is that
it allows you to easilypdateany part ofthe tree in a situation when you need
to take into account changes in the set ohades to do this, you just collapse
this partandre-expanl it.

To simplify the steps fodisplayingnew devices, we create a tree wiitle
My Computer root node which contairs all currently available devices. If
anewdeviceis connected to the computer (for example, a USB drive) or if an
existing device becomewvailable (for example, as a result of loading a CD or
DVD into a device for reading them), thdo display these new devicemu
shouldsimply collapseand reexpand thélyComputer rootnode

We usea simple way to mark siee nodeas expandable: @ummyo child
node wi tdis addadteth®fddesollection of thanode This child is
never displayed on screen because we
nodes before expanding the parent ndslemeauthorssuggest adding such
adummynodeto anytree nodehat you create. In this case, when you try to
expand anodethat has no childrents expandmarkersimply disappears. We
did it differently: in our program, a dummy child is added only whemode
actually has childrenThis method reques additional time fofinding children
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(which we do using th&etDirectoriesethod), but is more uséiendly, as it
immediately shows the presence of childdes Note that by default the
GetDirectori@sethod only returnBrst-levelsubdirectories

Also note the use of thEagproperty of theTreeNodelement to store the
full pathto the directory that this tree node is associated Wwihdisk drives
the full path to theiroot directoryis stored. There is only omedein thedi-
rectory treghat is not associated with a directaitye My Computer rootnode
whosethe Tagpropertyis an empty string

4. TheExpandltermethod uses twary1 catchstatements to handle errors
related to accessing directories. The outer try block is designed &ctbprr
handle a situation in which an attempt is made to access a directory that has
become inaccessible (either due to its deletion, or due to the disconnection of
the device containing this directory). In such a situagxpandings canceled
and the egand marker disappeangarthis node The inner try block (located
in theforeachoop) isintendedto correctly handle the situation in whisbme
child directories block access to their contefits this case, calling the
GetDirectori@sethodfor thosedirectories will resulto the exception). Such-d
rectories are simply not included in the list of child directories.

5. We changed the value of thiddeSelectigaroperty toFalseso that the
selectechodein the TreeViewontrolis highlighted even whetie controlloses
focus (this property was previously describe€€amment 2of Section 8.1).

Disadvantage Each time the program is launched, the user has to perform
the same actions to go to the desired directory.

Correction. Add a newhelpermethod tahe FormXlass:
TreeNode InitialExpanding(string fullPath)
{
if ('Directory.Exists(fullPath))
return null;
string[] paths = fullPath.Split(" \\Y);
paths[0] +=" \\";
TreeNode rootNode = treeViewl.Nodes[0];
MakeChildNodes(rootNode);
rootNode. Expand();
TreeNode node = rootNode;
foreach (var e in paths)
{
node = node.Nodes.Cast<TreeNode>()
First(el => el.Text.ToUpper() == e.ToUpper());
MakeChildNodes(node);
node.Expand();

}
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return node;
}

Definethe Loadevent handlefor theFormXlass:
Form1.Load handler
private void Form1_Load(object sender, EventArgs e)

{
var node = InitialExpanding(Directory.GetCurrentDirectory());
if (node !=null)
treeViewl.SelectedNode = node;
}

Result Now, when the program starts automatically switches to the reu
rent directory (by default, it is th&n\Debug subdirectory, which is included in
the directory containing theevelopingproject,seeFig. 21.3.

o5 Image Viewer EI@

i--‘n"_."inForms |a
H-CALC

1] CHECKBOXES
1.CLOCK

4-COLORS

1.CURSORS
4. DISKINFO
-EVENTS
1-EXCEP

- HTOWERS
3. IMGVIEW

. Erbi

é—--obj
. Properties
- JPEGVIEW

- LISTBOXES
4 1 3

1

Fig. 21.3. View of the runningMGVIEW applicationwith the selected etent directory

Comments

1. In the future (se8ection 216), we will modify the project in such a way
that,when the program starts, it switgto the directory that was selecteg-b
fore previous closingf the programFor this reason, thiaitialExpand) meth-
od checks existinghe required directonjf the directoryis missing the meth-
od returnsnull To check for the existence of a directory with the required
name,we use the stati€xistamethod of theDirectorglass. The static method
of theFileclass of the same name allows you to check the existence of a file.

2. To split the full path to thanitial directory into parts, aarsionof the
Splitmethod of thestringclass with acharacteparameter defining the separator
(in our case, th&' chaacter) is used. Since the slash is required in the oot d
rectory name, it is added to the first element of the generated array.
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3. ThelnitialExpandimgethod first expands the ronbdeof the treeViewl
control (this is the onlychild nodein its Nodescollection) and then iterates
over all the directories included in the full path to ithigal directory. The next
subdirectory included in the path of thmetial directory is searched for in the
corresponding collection athild nodesof the current no@. After finding it, it
expands resulting in a nesetof nodesn thetree in which the next part of the
path to thenitial directory issearcled The search uses tl@rstLINQ quey,
which returns the first item in the collection that satisfies treifpd cond
tion. Because directory names are case insensitive, they are converfed to u
percase by theoUppemethod before comparing them.

4. TheExpandnethod of thelreeNodelass is intended for programmat
cdly expanding atree node When this metha is called the BeforeExpand
event does not occur, so you must first explicitly calltakeChildNodeslper
method, which creates a set of child nodes for this node.

4. Notice that thénitialExpandimgethod expands the items in tlneg but
does notselectthem. This is due to the fact that the event of selectitrgea
nodewill be associatethter (see Section 2Z4).with the execution of additional
actionsthat can run for a long tim& herefore, the selection of a newdeis
performed after exitig thelnitialExpandimgethod (if the method call wascsu
cessfuland did not returmul).

21.2. View images from image files in the selected directory

Placea newsplit container on th&anelZanel of thesplitContainecbntrol
(the added splitontainemwill be namedsplitContaingrZor each splicontainer,
set theTabStoproperty toFalse

Although the second spliontainer is placed on one of the panels of the
first split container, visuallythe form will contain three panels of the same
heightandwith splittersof the same width. You canstinguishpanes by using
the upper part of th€roperties window. Sequential selection of form panels
from left to right will indicate the following names at the top of Breperties
window: splitContainerl.Rth splitContainer2.PansklitContainer2.Pané@te
that clicking on thesplitter located between the twleft panels will select the
splitContainecbntrol and clicking on thesplitter between the twaeight panels
will select thesplitContainecantrol.

Placethe ListBoxcontrol on the Panellpanel of thesplitContainecntrol
andthe PictureBogontrol on thePanelZanel of thesplitContainecdntrol (the
addedcontrok will be namedistBoxXand pictureBox1Set the properties of the
addedcontrols (see alsd-ig. 21.4).

Properties
listBox1:Dock =  Fill ,IntegralHeight = False
pictureBox1l:Dock = Fill ,SizeMode = Zoom BorderStyle = Fixed3D



201

o5 Image Viewer o e E@

listBox1

Figure:21.4. Forml view at theecondstage of development

Add the delarationof the imageExtfield to the beginning of thé&orml
class delaration
string [] imageExts = {"bmp", " jpeg", "jpg", "png", ".gif",
"ico", "wmf", ".emf"};
TheimageExtarraycontainsvarious image file extensions.
Define handlers for théfterSeleatvent for thetreeVewlcontrol and the
SelectedindexChangednt for thdistBoxTontrot

treeViewl.AfterSelect and listBox1.SelectedindexChanged handlers
private void treeViewl AfterSelect(object sender,
TreeViewEventArgs e)
{
listBox1.ltems.Clear();
string path = e.Node.Tag.ToString();
if ('Directory.Exists(path))
return;
foreach (string file in Directory.GetFiles(path)
Select(el => Path.GetFileName(el))
Where(el => imageExts.Contains(Path.GetExtension(el)
.-ToLower()))
OrderBy(el => el))
listBox1.ltems.Add(file);
}
private void listBox1_SelectedindexChanged (object sender,
EventArgs e)
{
string name = listBox1.Selecteditem.ToString();
Text = "Image Viewer -"+ name;
UseWaitCursor = true;

try
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{

pictureBox1. Image =

new Bitmap(treeViewl.SelectedNode.Tag + " \\" + name);
Text +="(" + pictureBox1.Image.Width + "x"

+ pictureBox1.Image.Height + ")";

}

catch
{

pictureBox1.Image = null;

Text += "(WRONG FORMAT)";
}

UseWaitCursor = false;
}

Result When you select a directory in thd@ectory tree the file list ds-
plays the names afagefiles (with the.bmp, .jpeg, .jpg, .png, .gif, .ico, .wmf,

.emf extensions) located in the selected directéile names are sorted ahph
betically. See als€Comment 1.

When you click on the file name (or when moving throughfilleelist us-
ing the arrow keys) theictureBoxaontrol in the righthandpane displays an
image from the selected fil&he image is scaled to fit the panel while mamai
ing aspect ratipand the full file name and image size (in pixels) are indicated in
the formtitle bar(see Fig215).

If the current directory does not contamagefiles or if the currentimage
file has an incorrect format, the viewing area remainptgrand in case of an
incorrect format, therrorinformation (the(WRONG FORMAT) text) is ds-
played in the forntitle bar. Note thatfor testing purposes, an empty file was
added to th®ebugdirectory (see Fig216).

When an image is loat, the cursr appearance for the entire application
changes to a wait cursor; after loading is complete, the cursor appearagce is r
stored (working with cursors was discussed in detail earlier in the CURSORS
project see Chapter }1This features useful when loadig very large images.

The width of the panels can be changed by draggingphitersbetween
them (when you move the mouse cursor over these dividers, it becomes a do
ble-headed arrow). When you change the width of the form, the width of each of
the thre panels changes proportionally. Pressing the Tab key allows yogrto to
gle betweerthe directory treandthe file list See als€Comment2i 4.

Remark. Since at thelaunchingof the program, theelecteddirectory is
the directory from which the exde is run (i. e, the bin\Debug subdirectory of
the directory with the IMGVIEW project), to speed up testing of the IMGVIEW
project it is advisable to copy several graphic files of different types timo
bin\Debugsubdirectoryof the project directory
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Fig. 21.6. View of theIMGVIEW applicationwhen a file in wrong format is selected

Disadvantage 1 When the form is resized (and tinedth of its panels is
changed synchronously),eltontents of the directotgeeand the file list flicker
as a result of repeated redrawing.
Correction. For the splitContainerdnd splitContainer@ntrok, set their
FixedPang@roperty toPanell
Result Now changing the width of the form affects ornhe righthand
panel containing the image; tedth of panels with directyr treeand file list
does not changén such a situation, the flickering of tlorectory treeand file
list practically disappears. See alSomments.
Disadvantage 2 When chaging the directory, the previously loaded-i
ageremaingn the righthandpanel. In addition, at the beginning of the program,
none of the images from the selected directory is displayed.
Correction. Add a statemento the beginning of théreeViewl Aftel8ct
method
pictureBox1.Image = null;
Text = "Image Viewer" ;

andadd aconditionalstatemenat the end of the same method
if (listBox1.Iltems.Count > 0)
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listBox1.Selectedindex = O;

Result Now, when changing the directory, the first item is automiyica
selected in the file list and its image is displayed in the -hgimidpane. If the
directory does not contaimagefiles, the righthandpanel is cleared. See also
Comment6.

Comments

1. To get a list of all files from a given directory, we use@stFilesneth-
od of theDirectorglass. Then we successively apply three LINQ queries to the
resulting set of file names: tt&elecjuery returns a set of file names without
the previous path, thé&/herequery selects image file names with the required
extensions, th®©rderByguery orders the names alphabetically. All obtained file
names are added to themscollection of thdistBoxTontrol

2. By nesting splittontainers into each other, it is possible to provide an
arbitrarily complex configuration gbanels with the possibility of flexibleda
justment of their sized.he problem when working with nested spiihntainers
Is their selection (for example, to set properties inRh&perties window). If
the child panel is not selected, then you can séhecsplitcontainer by clik-
ing on its plitter. If the child panel or theontrok located on it are selected,
then it is easier to press the Esc key several times, sequentially going to the
parentcontrok of all levels (up to the form). Les give an gample related to
the current project. If we assume that phetureBoxdontrolis currently selee
ed, thenby pressing the Esc key several times, we will sequentially select the
following controk:

1 splitContainer2.Panel2

1 splitContainer2

1 splitCotainerl.Panel2

1 splitContainerl

T Forml

In the case of a complex hierarchy adntrok, the Document Outline
window is useful, which is displayed on the screen usingViea | Other
Windows | Document Outlinemenu commandSee Fig21.7 withthe viewof
this window for our project at the current stage of its development.

Document Outline - Form1 v x

P-4 @

4 = splitContainerl SplitContainer
4 [T] splitContainerl.Panell SplitterPanel
= treeViewl TreeView
4 [T] splitContainerl.Panel2 SplitterPanel
4 = splitContainer2 SplitContainer
4 [T] splitContainer2.Panell SplitterPanel
[EE listBox1 ListBox
4 [T] splitContainer2.Panel2 SplitterPanel
] pictureBox1 PictureBox

Fig. 21.7.The Document Outline window
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3. We setthe IntegralHeigbtopertyto False for the listBoxIcontrol This
property determines whether to display the papt of the last orscreen list
item if the entire item cannot be displayed on the screen. WhenBeietgthe
defaultvaluefor the ListBoxcontrol), the list displays only those items that are
fully visible on the screen. In our case, this will lead to giteationwhenthe
listBoxXontrolwill not be aligned to the bottom border of the form (an empty
space will be displayed between the bottom border ofisti®oxIontrol and
the bottom border of the form). To prevent this, you just need to set the
IntegralHeigptoperty toFalse

4. The tryblock is used in théstBox1 SelectedindexChahgedler in o
der to correctly handle a possible situation when a file with an extensi@ corr
sponding toimagefiles has an incorrect format and therefore cannot be di
played in he PictureBogontrol In this situation, calling the constructor of the
Bitmapclass throws an exception, which is immediately handled ircétbeh
section. The exception handling is that BietureBogontrol becomesmpty,
that is, does not contain anage.

5. TheFixedPangroperty is one of the properties of the spiibtainer that
allows flexible customization of the behavior of the panels associated with it.
Note alsothe Orientatioproperty, which determines the orientation of $pét-
ter and,accordingly, the location of the child panels of the smittainer The
possible values of th@rientatiopropertyare Vertical (vertical splitter, Panell
on the left,Panel2n the right) andHorizontal (horizontal glitter, Panellon
top, Panel2n the bottom). When describing other properties, we will use the
concept of thahicknessof the split container and panel. When thglis con-
taineris oriented vertically, we mean tiadth of the control by its thickness,
and when it is orienteldorizontally, we mean ithieightby its thickness

Let us go back to th&ixedPangroperty. If it is equal tiNone (the default
value), thenwhen the container thickness changes, the thickness of its panels
changesproportionally. If the FixedPanglroperty isPanell or Panel2 then
the thickness of the specified panel does not change when the thickness of the
container changes.

ThePanellMinSizmdPanel2MinSipeoperties (default 25) define themni
imum thickness of the corresponding panel. Using the two pairegerties
PanellCollapsaddPanel2Collapsegbu can hide and restore the correspon
ing panel by setting the property Toue or False (the remaining panel will
take up the entire area thfe container, even if it was previously hidden; éher
fore, youcannot hide both panels at once).

The positionwidth, and step of changing the splitter are determined by the
SplitterDistanceplitterWiddmd Splitterincremeproperties, respectively. Byed
fault, thewidth is 4 pixels and thstep is 1 pixel. You ca block the ability to
change the position of the splitter by the user by settints®ditterFixquop-
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erty toTrue (while maintaining the ability to change the position of the splitter
programmatically).

It should be noted that the position of thpditser can be changed not only
by dragging it with the mouse, but also with the arrow keys, if you first move
the focus to themitter using the Tab key. Howevesuch a possibilitys not
always usefulFor example,fithere are two panels with @ldgter on a form,
the user usually expects the Tab key to allow hirsvidch betweerpanels
Therefore, in most programs, it isasonablyto disable focus on the Ilgger.

For this, it is enough to set tAi@abStoproperty of the splicontainer td-alse

To track user actions related to changing the position of the splitter, the
split container has two eventSplitterMovingrhich occurs when an attempt is
made to change the position of the splitter, &miitterMoveavhich occurs
when its position is succdafly changed. TheSplitterMovingvent, like all
events raisetieforethe execution of an action, allows it to be canceled by se
ting thee.Cancelalue totruein the event handlee(s the second parameter of
the handler).

6. Of the two events assotgd with a change in the selection of a node in
the TreeViewontrol (BeforeSeleandAfterSeletwe used théfterSele@vent,
since a new node has already been selected itrab@hen it occurs. When
the BeforeSeleetvent occurs, the new node had yet been selected, and-al
hough it can be derminedin the event handler using tleeNoderoperty, this
information is not available to tHstBox1 SelectedindexChamgeat handler.

21.3. Docking of controls and its features

In this section, we will pleethe ComboBozontrolat the bottom of panel 1
of the splitContainec®ntrol When adding thisontrolto the form, it is enough
to place itin thelistBoxXontrol (which completelyoverlapsthe panel 1 of the
splitContainerdontrol) and then set théollowing properties for the added
comboBoxdontrot

Properties
comboBox1: Dock = Bottom DropDownStyle = DropDownList

Error . The newcontrolis placed at théower partof the panel 1that is, it
i sdocKed to its bottomborder), however, it is locatebovethe listBoxXon-
trol overlappingits lower part (you can see this if you displalaaye set ofim-
age files as a result, a vertical scroll bar appears infilleelist, and itslower
partwill be hiddenby thecomboBdxcontrol).

Correction. Selectthe comboBoxdontrol and click on theSend to Back
button (this button is located on the right side oflthgout panel).

Result Now thelistBoxXontrol (with the DockpropertyequalFill) ocau-
pies the entire area of panel 1 of #mit container except for the lower part,
which is reserved for theomboBox&ontrol (see Fig. 21.8 We will add the
necessary functionality for trmboBoxdontrolin the next section.
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o5 Image Viewer EI@

listBox1

I -
Fig. 21.8. The finalview of Form1

Comment

Using the Dockproperty, which is avadble for all visuakontrok, you can
easily arrange the relative positioningoointrok in a form so that they occupy
the entire clienareaof the form and do not overlap each other even when the
form is resized. To do this, atbntrok, except one, nsti be docked to one of
the form lorders(the Dockproperties of theseontrok musthave the values
Top, Bottom, Left, or Right depending on which formdsderthey should be
docked to), and the remainirmgntrol mustfill the area othe form not ocu-
pied by the controk docked to théorders(the Dock propertyof this control
must be equal t6&ill).

It is necessary to discuss the following question: if twotrok are docked
to the same border, which one will be closer to this border? \(Wiag a form
designer you can give the following answer (though, as we will see later, it
will not be entirely correctlthe control placed earlieron the form will be cls-
er to the borderThis rule corresponds to the develdpeantuition: indeed, the
previously adde control ficaptureo the part of the form nar the border and
will not fgiveod it to anothercontrolthat appears later. It is important to eraph
size that the order in which values are assigned t@tukproperties (using
the Properties window) does not matter. if, for example paneliwas placed on
the form earlier thapanel2then even if th&ottom value was first set for the
panel2.Dogbkroperty andhenfor the panell.Dogbroperty,paneliwill still be
located closer to the bottom border.

So, everyting is determined by therder of placing thecontrols in the
form. But this order is closely related to therder of controk (in other words,
to the order of their placement in t@@ntrolgollection of theparentcontro)).
We discussedhe z-order fatures in detail in Séion 9.1, Comment 4. In pa
ticular, we established that the panellcontrolwas placedn the form in @-
sign modebeforepanel2then itsz-coordinate (as well as the index in G-
trolscollection) will have ayreatervalue (fa example, if the form containse
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ly two of thesecontrok, thenpanellwill have index 1 angbanel2will have in-

dex 0). But this, in turn, means that th@nelZontrolwill be thefirst item of

the Controlgollection Recall thatto add acontrolto the Controlgollection, it

Is enough to use itdddmethod. Thus, we come to another rule, which is no
longer quitentuitive: acontrolthat wadater added to th€ontrolsollection of

the parentontrol (and, accordingly, hasgreaternndex in it) will be closerto

the bordewof theparentcontrol

Now it should become clear the way we corredtesl errornoted in this
section: in order for theomboBoxdontrolto ficaptur® the bottom of the pa
el, we had to send ib the endof thez-sequence by cliing theSend to Back
button(thereby we set thegreatestindexfor it in the Controlsollection.

In conclusion, we make two remarks.

1) As we have seen, even if tkentrok are added to the form in an order
that does not correspond to the order ofrtdecking, we can alwayscorrect
the position by changing thexorder using the&send to Backand Bring to
Front commands.

2) If visual controk are created and added to the form not in design ,mode
but by programmaticallythen for the correct order alocking you must fd-
low the extremely "unintuitive”, although the simple ruork from the ce-
terd: first you need tadda control with the Dockproperty equal td-ill, then
thecontrok around it, andinally the controk that should be docked dirgcto
the border of the form.

21.4. Setting the image view mode

Add the following statements to the constructor ofRbemXlass:
comboBox1.ltems.Add(PictureBoxSizeMode.Zoom);,
comboBox1.ltems.Add(PictureBoxSizeMode.Stretchimage);
comboBox1.ltems.Add(PictureBoxSizeMode.Normal);
comboBox1.SelectedIndex = 0O;

Define an event handler for th&electedindexChangedent for the

comboBoxdontrot
comboBox1.SelectedindexChanged handler
private void comboBox1_SelectedlndexChanged(object sender,

EventArgs e)
{
pictu reBox1.SizeMode =
(PictureBoxSizeMode)comboBox1.Selectedltem;

}
Result Using thecomboBoxdirop-down list, you can select thremage

view modes in the Zoom mode, the image is scal@chile maintainingaspect
ratio as before; irbtretchimage mode, thamage is stretchetb theentire right
handpane] in Normal mode, the image is displayed without scaling.
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Disadvantage When displaying large images without scaling, it is aavis
ble to add scroll bars to view different parts of the image.

Correction. In the Properties window for the Panel2object of the
SplitContainecd®ntrol set theAutoScropiroperty toTrue. In the constructor of
theFormXklass, change the statement

comboBox1ItemsAdd(PictureBoxSizeMode Normal);
in the following way:
comboBox1ItemsAdd(PictureBoxSizeMode AutoSize);

Add newstatements to theomboBox1 SelectedindexChamgibad:

if (pictureBox1.SizeMode == PictureBoxSizeMode AutoSize)
pictureBox1.Dock = DockStyle.None;
else

pictureBox1.Dock = DockStyle Fill;

Result The thirdmode is now calledutoSize in this mode, scroll bars
appear on the panel when large images are displdygd.21.9 shows the
IMGVIEW application windowin differentimage viewmodes.

Comments

1. When defining a set aemsfor thecomboBoxdrop-down lst, we used
the objects of th@€ictureBoxSizeMagtmimeration, which definesariousscad-
ing options for thePictureBozontrol Dueto this, we were able to directlga
sign the value of thecurrent list itemto the SizeModeproperty in the
comboBox1_ SefedindexChangegkthod it was onlyrequired to perform the
appropriate type conversion). Note that string representatidPistofeBoxSize
Moddype are used as the text of the ddmpvn list items.

2. TheSizeModeroperty is responsible for settingethelative position of
the PictureBosontroland themageloaded into it as well as for image scaling
Its value optionsare Zoom, Stretchimage, Normal, and AutoSize There is
also aCenterlmage option, which differs from th&ormal option only in that
the imageis placed in the centesf the PictureBoxontrol (whereasin the
Normal mode, it isin the upper left corner of theontrol). In theNormal (and
Centerlmage) mode, the picture is cropped if it exceeds the size afdheol
To correctthis, we changedthe Normal modeto the AutoSize mode which
resizes thecontrol to fit the loaded image (in this only case, gentrol is
resized to fit the image, in other scaling modesith&geis resized to fit the
contro)).

To make thepictureBoxdontrolresizable in the case of tAeitoSize mode,
we disable thd-ull docking mode for theictureBoxdontrol In addition,we
setthe AutoScrofroperty of the panel containing thictureBox control to
True (thedefaultvalueis Falsg. If AutoScrol Tru e, scroll bars appear on the
panel if it containgcontrok that are larger than the panel itself. Note that the
AutoScropiroperty isavaliablenot only for splitcontainer panels, but also for
usualpanels the Panetontrol), as well as for the form.
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Fig. 21.9. View of theIMGVIEW applicationin differentimage viewmodes
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21.5. Saving information about the state of the program
in the Windows registry

At the beginning of th&orm1l.csfile, add thefollowing directive:
using Microsoft Win32;
Add a delaraton of the new field to th&ormXlassdeclaration
string regKkeyName = "Software \\ WinFormsExampl&sIMGVIEW";
Define an event handler for tk®@rmCloseelvent forForm1
Forml.FormClosed handler
private void Form1l_FormClosed(object sender,
FormClosedientArgs e)
{
RegistryKey rk = null;
try
{
rk = Registry.CurrentUser.CreateSubKey(regKkeyName);
if (rk == null)
return;
rk.SetValue("FormWidth", Width);
rk.SetValue("FormHeight", Height);
rk.SetValue("Splitl", splitContainerl SplitterDistance);
rk.SetValue("Split2", splitContainer2.SplitterDistance);
rk.SetValue("Zoom", comboBox1.Selectedindex);
rk.SetValue("Path", treeViewl.SelectedNode.Tag.ToString());
rk.SetValue("File", listBox1.SelectedIndex);

}
finall y

{
if (rk  !=null)
rk.Close ();

}
}

Result Now, when the program exits, information about its current state is
written to theWindows registryln order to verify this, you should run tReg-
istry Editor program. The easiest way l@unchthis program is by executing
the Run... commandfrom the WindowsStart menu and entering theext
regedit in the window that appears. In the registry editor, select the
HKEY_ CURRENT_USER registry key(that is, a root section of the registry)
and the Software\WinFormsExamplesIMGVIEW registry subkey(that is,
asubsection)n it. As a result, theegstryvaluesof the selected siiey will be
displayed in the right pahef the registry editofeach registry value has name
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and data).The sulkey should contairsevenvalues(in addition to theDefault
valug whichis not used in our programyith the named-ile, FormHeight,
FormWidth , Path, Splitl, Split2, Zoom. Thedata of thé”ath valueis of string
type, theotherdataare integers. lisection21.6, we will add a fragment to the
program that allows to read this data from the registry.

Comments

1. The Windows registry is a convenient centralized storage of dats-nece
sary for the correawvorking of programs, in particular, to restore their settings
at the nextaunch If for each computer user it is desirable to store his own se
tings, then they should be placed in tHKEY CURRENT_USER registry
root key If the settings are to be the same for all users, then they should be
placed in theHKEY_ LOCAL_MACHINE registy root key In any case, in
the selectedoot key you must create a skdy associated with a specificgpr
gram (usually this siley is placed in th&oftware sulkey of the selectedoot
key). The .NET library provides thRegistrnand RegistryKeslasses efined in
the Microsoft. WinBamespace to access registry data.

TheRegistrglass lets you select one of the root registry keys and getan a
sociated object oRegistryKetype. To retrievestandard root keyshere are
static reaebnly properties of th&®egistrglass.The CurrentUse@ropertycorre-
sponds tahe HKEY CURRENT_USER root key the LocalMachir@operty
corresponds to thdKEY _LOCAL_MACHINE root key

Once you obtain an object BfegistryKeype using thedRegistrglass, you
can use it to ciee new subkeys and open existing subkeys in read and/or write
modes. Th&reateSubKeyethod opens a subkey in write mode; if $ubkey
does not exist, then the method creates it. ®benSubKayethod opens an
existing subkey in readnly mode. In bothmethods, the full path to the-r
quired sukey must be specified as a string parameter. There is also an ove
loaded version of th®penSubKayethod that allows you to open an existing
subkey in read/write mode; to do this, you must specify the seconitipadd
parameter equal twuein the method. If the requested operation is successful,
both methods return an object BegistryKetype associated with the open
subkey. If the operation fails, then eithemdlvalue is returned (for example, if
an atempt is made to openmaissingsubkey using th®penSubKeyethod), or
an exception is raised (for example, if the program does not have sufficient
rights to access the specified subkey in the required mode). Any successfully
opened sukey must be closedsing theClosemethod.

The SetValuenethod of theRegistryKeglass allows you to add or change
valuesfor an open subkey. It has two parameters: the name gatheandda-
ta associated with if{data can beof string type integer type or byte array
type). The method for obtainingatafrom the subkeyalues will be described
in Section21.6.
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2. To debug fragments of the program related to the registry, you must use
the Registry Editor program since it allows you to view and ediite registry
contentslf you find outthat a subkey or any of it&lueswere created withre
rors, you can easily delete them using the registry editor. If the program under
test is restarted while the registry editor is loaded,,tteeupdate the infe
mation in the registrydstor window, just press the F5 key.

21.6. Restoring information from the Windows registry

Modify the Form1_Loadethod
private void Form1_Load(object sender, EventArgs e)

{
RegistryKey rk = null;
string path ="";
int fileIndex = 0O;
try
{
rk = Re gistry.CurrentUser.OpenSubKey(regKeyName);
if (rk  !=null)
{
Width = (int)rk.GetValue("FormWidth", Width);
Height = (int)rk.GetValue("FormHeight", Height);
splitContainerl.SplitterDistance =
(int)rk.GetValue("Split1",
splitContainerl.SplitterDistance);
splitContainer2.SplitterDistance =
(int)rk.GetValue("Split2",
splitContainer2.SplitterDistance);
comboBox1.Selectedindex = (int)rk.GetValue("Zoom",
comboBox1.SelectedIndex);
path = (string)rk.GetValue("Path","");
fileindex = (int)rk.GetValue("File", 0);
}
}
finally
{
if (rk  !'=null)
rk.Close();
}

if (Directory.Exists(path))
path = Directory.GetCurrentDirectory();
o — Initial R _ : ).
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var node = InitialExpanding(path);

if (node !'=null)
treeViewlSelectedNode = node;

if ( filelndex >=0 && fileIndex < listBox1.ltems.Count)

listBox1.Selectedindex = fileIndex;
}

Result When the programtarts, the data from the Windows registry is
used to restorpreviously savedtateof the programlf there is no data in the
registry, then the default settings ared Since the state of tHide and direcb-
ry structuremay have changed since the laste the data was saved in thg+e
istry, we check the existance of the directory with the name obtained from the
the Path registry value

Disadvantage If the form has been resized, itnst centered on screen on
the next launchThis is because the awtis to center the form are performas
forethelLoadevent occurghat is,when the formhasits original size.

Correction. In theForm1_Loadethod, before thstatement

if (!Directory Exists(path))

path = Directory GetCurrentDirectory();
add the follaving statements:

Left = (Screen.PrimaryScreen.WorkingAreaWidth - Width) / 2;
Top = (Screen.PrimaryScreenWorkingArea.Height - Height) / 2;

Result Centering now works correctly for afgrm size.

Comments

1. The GetValuenethod of theRegistryKeglass isused to read thdata
from the registry subkeyalues in this case, it is enough to open the required
sulkey for reading only. The most convenierdrgionof the GetValuenethod
Is with two parameters: the first parameter containgeabstry valuename the
second contains the default value (thethod returns a default value if the
specifiedregistry valuas not found in the registry subkey). Thersionof the
method with one parametethé regisrty valuenamg is less convenient,eb
causein the abence of the requiregkgisrty valueit returnsnull The GetValue
methodreturns resulbf objectype, so its return value must be explicitly cast to
the type of theequireddata(intor string.

2. Registry editor is especially useful when debuggipgogramfragmensg
responsible for reading data from the registry. With its help, you can delete
somevaluesof aregistrysulkeyand the sukeyitself, as well as make changes
to thevalues which allows you to test the programorking in special sita-
tions.

3. To explicitly calculate the position of the form ensgits centering, we
used the standaiskcreerclass, which allows us to obtain various characteristics
of all screens associated waltomputer The PrimaryScregmoperty is used to
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access th@roperties of the main screen, and YWerkingArgaropertyreturns
apart of the screen without the Windoteskbay.

There is aother wayto correct thenoted dsadvantageYou mayread the
data from the registryn the form constructorin this casethe information
from the registry about the new form size will be available when centering the
form.
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22. MDI application: JPEGVIEW project

The JPEGVIEW project is a Mulibocument Interface (MDI) application.
We describe mthods of interaction between timeain and child forms and
standard actions on child forms (various types of placement of child forms on
the main form displaying a list of child forms in the menclpsing all child
forms at the same timetc.). We alsaliscusshow to implement image slaag
modes and keyboard scrolling for child forms.

22.1. Opening and closing child forms in MDI application

After creating the JPEGVIEW project, place nasual controk of
MenuStrignd OpenFileDialotype on Forml(these contros will be named
menuStripAndopenFileDialaghey will be placed in the nevisual controlarea
under the form imagen addition, the menu associated with thenuStripdon-
trol will be indicated at the top of the form)

Using the menuwesigner(see Section1), create a firskevel menu item
with the text&File in the menuStripmenu and use thRroperties window to
change the name of this item (that is, Nemeproperty) tofilel In the drop
down menu associated with tit@le item, create a menu item with the text
&Open, then a item with the text (dash this item will be converted to a her
zontalseparator, then an item with the teX@&xit . Setthe properties oForml
its controk, and menu items addedttee menuStripenu(see also Fig22.1).

Properties (Form1)
Forml:Text = JPEG ViewisMdiContainer =  True,

StartPosition = CenterScreen

openFileDialogl: Title = Openimage file ,
Filter = JPEGImages|*jpg; *jpeg

(pen (the Fle group):Name =  openl

Exit (the  Fle group):Name =  exitl

Add a new form to the projectt(will be namedForm2 and place the
menuStripinenu control and thepictureBoxtontainercontrol for imageson
Form2In themenuStriphenu ofForm2create a firstevel menu item with the
text &File and the namdilel In the dropdown menu associatesiith the File
item, create two menu items with the t&®pen and &Close, then an item
with the text- (dasl), then an item with the texE&xit . Set the properties of
Form2 its controk, and menu items added tbe menuStripinenu (see also
Fig. 22.2).

Properties (Formz2)
Form2:Text = empty string , ShowInTaskbar = False,
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AutoScroll = True

pictureBox1: SizeMode = AutoSize,Location=  0;0 ,
Modifiers = Internal

Fle :MergeAction = Replace

Qpen (the Fle group):Name =  openl

Jose (the Fle group):Nam e = closel

Exit (the  Fle group):Name = exitl

|| File ||| Type Here

Open
Exit

Type Here

Fig. 22.1. Form1 view at the initial stage of development

Fig. 22.2. Form2 view at the initial stage of development

Define event handlers for tl&ickevent for theopenlandexitlmenu items
of Form1
openl.Click and exitl.Click handlers (Form1l menu items)
internal  void openl_Click(object sender, EventArgs e)
/I access modifier changed to internal

{

openFileDialogl FileName ="";
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if (openFileDialogl.ShowDialog() == DialogResult.OK)
{
/I create a child form and customize it
Form2 f = new Form2();
string n = openFileDialogl.FileName;
Image i = Image .FromFile(n);
fpictureBoxl.Image = i;
f.Text = string.Format("{0} ({1}x{2})",
System.|O.Path.GetFileNameWithoutExtension(n),
.Width, i.Height);
fMdiParent = this;
f.Show();

}
}

private void exitl Click(object sender, EventArgs e)

{
Close();

}

Define event handlers for th@lickevent for theopenl closel and exitl
menu items ofFormz2
openl.Click, closel.Click and exitl.Click handlers (Form2 menu items)
private void openl_Click(object sender, EventArgs e)

{
(MdiParent as Form1).openl_Click(this, null);
}
private void closel Click(object sender, EventArgs e)
{
/I close the child form
Close();
}
privat e void exitl_Click(object sender, EventArgs e)
{

/I close the main form
MdiParent. Close();
}

Result Using theOpen menu item inthe main formJPEG View, you can
load image files in JPEG format. Each of the uploaded files is displayed in
aseparate widow (@ child windowor achild form), with the file name andn-
age size in pixels (for exampl200x35(Q indicated in thditle bar of the child
form. The initial size and position of the child form is determined by default
(since itsStartPositiopropery is equal toWindowsDefaultLocatidinthe child
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form is not large enough to display the entire image, then scroll bars appear in it.
When the child form isnaximized its title is alded tothe title of the main form.
When a child forms minimized itstitle baris placed at the bottom of the main
form. If at least one child form is opethe additionalClose command appears

in the main form menu, which allows you to close #agive child form. If all

child forms are closed, thaitial main form menus restored.

To close the active chitbrm, you can use the Ctrl+HR&y combination. In
addition, there ar&ey combinations for activating the next and previous child
forms: these are, respectively, Ctrl+F6 and Ctrl+Shift+F6. You can also switch
betweenopen child forms using the arrow keys. All thet®rtcutkeys are pr-
cessed automatically in the MDI application. See @lsmments 14.

Disadvantage If the width of the child form exceeds the size of the picture,
then a menu bar is visible on the togloé child form.

Correction. For themenuStripgéontrol of Form2 set theVisiblgoroperty to
False

Result Now the menubar on child forms is not displayedhis does not
affect the appearance ofenuitems added from this menu to the menu of the
main fam.

Comments

1. To access the main form, tMiParergroperty of the child form is pr
vided. Any form with a norempty MdiParenproperty value is considered
achild form. To define a form as the main form of an MDI application, it is
enough to set itsdiContaingaroperty toTrue.

2. The GetFileNameWithoutExtemamthod of thePathclass from theSys-
tem.lIOnamespace extracthe file namewithout the path and extensidrom
the full file name. Since there is n@ngdirectivesfor this namespace ime
Forml.csfile, we had to use the fully qualified class narBgstem.lO.Path

3. Since thelnitialDirectogyroperty is not explicitly set for thepenFile
DialogXontrol the first time the program is started, its working directory will
be selected athe initial directory (in our case, then\Debug subdirectory of
the directory containing the JPEGVIEW project)wé selecta file from an-
other directoryusing theopenFileDialogialog box then the next time theat
log box opens, this directory wile shownas the initial onel.nformation about
the last used directorg automatically saved in a special section of thenWi
dows registryand this directory will bsshownas the initial one when thegr
gram is started again. Such behavior of the progeanuite reasonable and
does not require any effort from the programmer to implementatu can
compare this approackith an explicit setting of thénitialDirectoproperty in
the TEXTEDIT1 project(seeSection12.2).

4. A child form has no menu. Whean child form is activated, the contents
of its menuStripdontrol replacesthe firstlevel menu items of the main form
with the same names. In our case, File menu itemis replaced. The method
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of replacement is determined by tMergeActioproperty ofthe child form
menu item: in our case, it is equal Replace so theFile menu item of the
main form is replaced with the corresponding item of the child form. It should
be noted that thallowMergeroperty must bequalto True (this is the default
value) for menuStripdontrok of both main and child forms to be able to merge
menus.

22.2. Standard actions with child forms

Create a new firdevel menu item with the tex&Window in the
menuStriphenu ofFormland use th@roperties window to change the namé o
this item (that is, th&lameproperty) towindowlln the dropdown menu assec
ated with thewindow item, create menu items with the t&dtTile , &VTile ,
&Cascade &Arrange Icons and set theNameproperties of these items to
hTilelvTild, cascadelarangelconstespectively (see Fig2.3).

ot JPEG View o[ ) ]

File [Window |
HTile
VTile

Cascade

Arrange Icons

Fig. 22.3. Form1 view at asecondstage of development

Add newstatements$o the constructor of theormXlass

public Form1()
{

InitializeComponent ();

hTilel.Tag = MdiLayout.TileHorizontal;

vTilel.Tag = MdiLayout.TileVertical;

cascadel.Tag = MdiLayout.Cascade;

arrangelcons1.Tag =MdiLayout.Arrangelcons;

}

Define the Clickevent handler for thé@Tilelmenu item, therconnectthe
created handler to the@lickevent of thevTile2cascadeglandarrangeles1lmenu
items.

hTilel.Click handler
private void hTilel_Click(object sender, EventArgs e)
{
LayoutMdi((MdiLayout)(sender as ToolStripMenultem).Tag);

}
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Result Using the commands of tiWindow group menu, you can perform
standard actions on child forms
1 HTile andVTile. All child forms are arranged with naverlappingand
so that they cover the entiolient area of thenain form. These ado-
mands differ in the waghild formsare positionedHTile places forms
from top to bottom (stretching them horizohgal VTile places forms
from left to right (stretching them vertically). Sometimes these-co
mands work the same way (for example, for four or five child forms).
1 Cascade All child forms are arrangesdo thatthetitle barsof all forms
are visible on the seen.A unified size is setor all child forms this
sizedepends on the current size of the main form
1 Arrange Icons. All minimizedchild forms are located neahe botom
border of the main form.
See als€Comments 12.
Disadvantage In the absence of dt forms, the commands of th&/in-
dow menugroup lose their meaningut are still available in the menu.
Correction. For thewindowinenu item ofFormlset the value of thlod-
fiersproperty tolnternal and the value of th¥isiblgroperty toFalse
In theopenl_Cligkethod ofFormlbefore the statement
fShow();
inserta new statement:
windowl.Visible = true;
Definethe FormClosdaandler forForm2
Form2.FormClosed handler
private void Form2_FormClosed(object sender,
FormClosedEventArgs e)
{
I f (MdiParent.MdiChildren.Length == 1)
/[ there is only one child -form left,
/I which is currently being closed
(MdiParent as Fornl). windowl. Visible = false ;
}
Result The Window menu item is displayed only if there is at least one
open child formSee als€Comments B4.
Comments
1. All actions on childforms are implemented in one methodmed
LayoutMdif the Formclass; the action required is determined by its single p
rameter of theMdiLayoutnumerated type. To make it possible to sisgle
hTlel_ Clickhandler for allmenu itemsin the Window group, weassignthe
corresponding element of thddiLayouénumerationto the Tag property of
eachmenu item
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2. The hTilel_Clidkandlertwice performs a type conversiothe first time
for the sendeparameter and the second time for thegproperty. In the first
case, thesoperabr is usedin thesecond casé¢he (typg operato is used The
asoperator can only be used to conveferencedata types (for examplepn-
trols); this operatocannot beused for enumerat types and numeric data
types.The (typg operator can be used to convert any data types, but it is less
convenient to uséor controk than theasoperator. This is due to the fact that
the operatrs of type onversionhave a lower pdrity than thedot operabr A.0
of access to anemberof an object. For exampld, we want to convert the
sendemparameter to th&oolStripMenultéype and then use it$agproperty,
thenthe expressioriToolStripMenultem)sendemilagpe erroneous bewse it
means thathe sender.Tagropertyshould beconverted to th@oolStripMenultem
type. The((ToolStripMenultem) sende@xXagssions correct, but looks worse
than(sender as ToolStripMenultem)lhagspeed of execution of these espre
sionsis practically the same. Recall thathen these operat® are applied to
referencedata, the only difference between (hgg operato and theasopem-
tor is that if the specified conversion is impossible, {hgg operabr throws
an exception oflnvakdCastExceptiaype, whereasthe as operato simply re-
turnsnull

3. TheForm2_FormClosettthod useshe MdiChildreproperty of Form]|
type This propertycontains all currently open child forms. In this case, we
were only interested in thmumberof these forms, which can be obtained using
the Lengttproperty of theMdiChildrearray.

4. Notice that the first timewe access theMdiParenbbject in the
Form2_FormCloseéthod,we do not need to convert it the Formltype, ke-
cause thd-ormclass alreagl has theMdiChildreproperty. When accessing the
windowInenu item, which is a fieldf the Formiclass(andis absentin the
Fornclasg, the conversion d¥idiParerib theFormlype is required. Note also
that, to be able to access thendowiield of FormIfrom another clasgnarne-
ly, Form®, we need to change i4odifierproperty tolnternal .

22.3. Adding a list of open child forms to the menu

For themenuStripgontrol of Form1set the value of theldiWindowListltem
property towindowl.

Result A list of all open childforms is now displayed in th&/indow
menugroup; a check mark is displayeeéar he active child form. By clicking
on an item from this list, you can activate the corresponding tritd. To ®-
lect an item from the list, you can also $gd¢he key corresponding to its ordinal
number (from 1 to 9). If more than ¢hild forms are open, théMore Win-
dows...menuitem is displayed below the item corresponding to Qtrechild
form. By selecting it, you can display an auxiligdglect Windowdialog box
with a list of allopenchild forms.
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22.4. Closing all child forms at the same time

Add a new item to th&ile menu ofForm2with the textClose &All. This
item must be addedfter the Closeitem; to do this, select theeparatobelow
the Closeitem, press the right mouse buttoend select thénsert | Menultem
command from theontextmenu that appearnyou can also do it differently:
create &lose All menuitem at theendof the File groupand then drag it with
the mouse to a new locatiprbet theNameproperty of the newly created menu
item tocloseAllAnd definghe Clickevent handler for this menu item

closeAll1.Click handler
private void closeAlll_Click(object sender, EventArgs €)

{
foreach (Form f in MdiParentMdiChildren)
f. Close();
}
Result When theClose All command is executed, all child forms are
closed.

Remark. The Close Allcommand is included in tHeormanenu because it
should only be available if there are open child forms in the application.

22.5. Image scaling

Add a new item wh the text& Zoom to theFile menu ofForm2This item
must be added after tli@ose All item using one of the methods described at the
beginning ofSection 2.4. Set theNameproperty of the newly created menu
item to zooni, setthe CheckOnCligkoperty b True, and definethe Checked
Changedvent handler for the menu item

zoom1.CheckedChanged handler
private void zooml1CheckedChanged(object sender, EventArgs e)

{
if ( zoom.Checked)

{
pictureBox1.Dock = DockStyle Fill;
pictureBox1.SizeMode = PictureBoxSizeMode.Zoom,;

}

else

{
pictureBox1.Dock = DockStyle.None;
pictureBox1.SizeMode = PictureBoxSizeMode AutoSize;

}

}
Result Imagesin the child formscan be scaled to fit the curresizeof the

child form (while maintaining the pect ratio of the image). To enable/disable
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the scaling mode, thdoom checkboxlike menu itemis provided. If thezoom
mode is enabled, a chenlark is displayed ra this menu item When thezoom
mode is disabled, thariginal image size is set; in thisase scroll bars may p-
pear on the childorm. Each child form sets trmommode independently; the
state of theZoom menu itemcorresponds to theoommode for the active child
form. See also Comment 2 in Section 21.4.

22.6. Automatic resizing of child forms

Add two new items to th&ile menu ofForm2with the text&Resize and
R&esize All. New items must be added after theom item using one of the
methods described at the beginningSettion 2.4. Set theNameproperties of
the created menu items tesizelandresizeAlllrespectively. The final view of
theFile group menu foFormas shown in Fig. 2.4.

82 Form2 =N EOR =5

Open » ‘

Close
Close All
Zoom
Resize
Resize All

Exit

Fig. 22.4. The finalview of Form2

Define event handlers for tl@ickevent for the new menu items
resizel.Click and resizeAll1.Click handlers
private void resizel_Click(object sender, EventArgs e)
{
Size sz = ClientSize;
if ( zoom.Checked)
{
int iw = pictureBox1.Image.Width,
ih = pictureBox1.Image.Height,
cw = ClientSize Width,
ch = ClientSize.Height;
double x =cw /( double)iw,
y = ch / (double)ih;
if (x<vy)
sz Height = (int)(x * ih);
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else
sz Width = (int)(y * iw);
}
else
sz = pictureBox1.Size;
ClientSize = sz;
}
private void resizeAll1_Click(object sender, EventArgs e)
{

MdiParent.LayoutMdi(MdiLayout.Cascade);

foreach (Form f in MdiParentMdiChildren)
(f as Form2).resizel_Click(f, null);
}

Result The Resizecommand sets the size of the active child form equal to
the current size of the image it contaifitie Resize Allconmand resizesnd
cascadeall child forms.

Remark. Calling theLayoutMdnethod that cascades child forms should be
done before sizing, because tteyoutManethod itself resizes the child forms.

Comment

If the zoommode is disabled, then setting the saz¢he form is trivial:you
justneed toset the size of its cliemreaequal to the size of th@ctureBoxdon-
trol. You cannot do this ithe zoommode, because the size of fietureBox1
controlis not equal to the size of the scaled image. Moreaves,impossible
to determine what part of @ntrol occupies an image inoommode. At the
same time, in theoommode it is sufficient to correct thsize of the form in
only onedimension (in width or height). To determine which dimension and by
whatamount to adjust, the proportions of thrgginal (unscaled) image and the
clientareaof the form are compared.

22.7. Additional control tools

Place aoolbaron Formlthat is,a controlof ToolStripype (thiscontrolwill
be namedoolStripl The toolbar wi automatically dock to the top border of the
form and will be positioned below timeenuStripdenu

Proceeding in the same way asSection15.1, add fourToolStripButtaon-
trols to thetoolStripioolbar, change their names (that Mameproperties) @ the
following: openZ2 close2resize2zoon?, and set thelextproperties toOpen,
Close Resize andZoom, respectively. For all four buttons, set thiesplayStyle
property toText, AutoSizéo False andSize.Widtto 50 (the last two settings are
neeckd to set the buttons to the same width, since by default the width of the
buttons is determined by the size of their caption). The resulting toolbar is
shown in Fig. 2.5.
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85 JPEG View E@
File
.k

Open Close Resize Zoom | -

Fig. 22.5. The finalview of Form1

Change the access modifiers for some membgisoom2 for the zoom
menu item, set th®lodifierproperty tolnternal ; for thezoomi_CheckedChanged
andresizel Clickethods, replace thwivatenodifier with internain their hea-
ers.

Return toFormlandconnectthe Clickevent of theopenzutton b the exis
ing openl Clickandler, and define th€lickevent handlers for thelose2
resize2andzoon2 shortcutbuttonsas follows:

close2.Click, resize2.Click, zoom2.Click handlers
private void close2_Click(object sender, EventArgs e)

{ ActiveMdiChi ld.Close();

Lrivate void resize2_Click(object sender, EventArgs e)
{ (ActiveMdiChild as Form2) resizel_ Click(this, null);
|}orivate void zoon2_Click(object sender, EventArgs e)
{

ToolStripMenultem mi = (ActiveMdiChild as Form2).zoom,
mi. Checked= ! mi. Checkedl
}

Result The Open shortcut button duplicates the menu command of the
same name. Th€loseandResizebuttons close and resize the active child form
the Zoom shortcut bubn toggles image scaling on and off in the active child
form.

Remark. When implementing actions on clicking tiose Resize and
Zoom buttons, theActiveMdiChifitoperty of the main form is used, whick-r
turns the active child form.
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Error . Clicking the Close Resize or Zoom buttons with no child forms
throws aNullRefereeExceptiofirecause thActiveMDIChjpdoperty isnullin this
case).

Correction. For theclose2 resize2 and zoon2 buttons, set théviodifiers
property tolnternal , theEnablegroperty toFalse

Add new statement tineopenl Cligkethod ofFormbefore the statement
f.Show()

close2 Enabled = resize2.Enabled = zoom2.Enabled = true;
Change thé&-orm2_FormClosedthod ofForm2

private void Form2_FormClosed(object sender,
FormClosedEventArgs e)

{

Forml f = MdiParent as Form1;

if ( MdiParentMdiChildrenLength == 1)

Mel e e s e
fwindowl.Visible = fclose2 Enabled = fresize2.Enabled =
f. zoom.Enabled = false;
}

Result If the main form contam nochild forms, then theClose Resize
andZoom buttors areunavailable

Disadvantage 1When you hover the mouse cursor over any shortaut bu
ton, a tooltip appears next to it duplicating the text on the button.

Correction. In our case, there is no need to display tooltips, since the bu
tons themselves cornitatext that explains their purpose. Therefore,magy dis-
ablethedisplayof tooltips for theentire toolbarby setting theShowltemToolTips
property of theoolStriptontrolto False(see alscComment 1).

Disadvantage 2 Unlike the Zoom menu item, theview of the Zoom
shortcut button does not allow to determine whether the active child form is in
zoommode.

Correction. Define anEnterevent handler foForm2

Form2.Enter handler
private void Form2_Enter(object sender, EventArgs e)

{
(MdiParent as Form 1).zoom2.Checked = zoom.Checked;

}

Addthe followingstatemento thezoom1 CheckedChangethod
(MdiParent as Form1).zoom2.Checked = zoom1.Checked;

Change the last statement in #fem?2_FormClosedthod as follows:
fwindowlVisible = fclose2 Enable d = fresize2 Enabled =

fzoom2Enabled = fzoom2.Checked = false;
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Remark. The change in thd=orm2_FormCloseethod ensures that am-i
accessibl&Zoom buttonwill never be in the pressed state
Result Now theZoom shortcutbutton is in pressed statethfe zoommode

is set for the active child fornTheZoom button changes state in the following
situationg(see als&Comment 2)

1 when clickng this button;

1 when executing théoom menu command,;

1 when switching to a child form witthe othezoommaode.

Comments

1. If you want to disable the tooltip for a particulaolStripputton, set the
AutoToolTyroperty toFalsefor this item and check that ol TipTextrope-
ty is empty. Note thatf AutoToolTig True (which is the defaulvaluefor the
ToolStpButtorontrol), then theT ool TipTextroperty always has the same value
as theTextproperty.

2. Note that theoomautton itself does not change its state when clicked
it only changes the state of tzeoml menu item, but this change calls the
zoon_CheckedChangkdndler, which changes the state of the button. This is
the simplest way of interaction between a button and a menu item, in which the
state of the button can change both when you click on it and when the &ssocia
ed menwcommands executed.

22.8. Scrolling the image using the keyboard

Define an event handler for tikeeyDoweavent forForm2
Form2.KeyDown handler
private void Form2_KeyDown(object sender, KeyEventArgs e)
{

if (e.Modifiers !'= Keys.Control)

return;
Point p = AutoScrollPosition
Size s = pictureBox1.Size;

pX= -pX;

p.Y = -p.Y;

switch (e KeyCode)
{

case Keys.Up:

p -=new Size(0, 10); break;
case Keys.Down:

p += new Size(0, 10); break;
case Keys.Left:

p -=new Size(10, 0); break;
case Keys.Right:
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p += new Size(10, 0); break;
case Keys.Home:
p = PointEmpty; break;

case Keys.Pag

eDown:

p = new Point(s); break;

case Keys.End

p = new Point(0, s.Height); break;

case Keys.Pag

p = new Point(s. Width, 0); break;

}

AutoScrollPositio

}

eUp:

n =P

Result Image scrolling (if the zoom mode is disabled and the dbitah
contains only part of the image) can be performed not only with the bargl)
but also using the keyboard while holding down thd Key: the arrow keys
provide scrolling in the specified direction, and the keys Home, End, ,Rgldp
PgDn provide movement to one of the corners of the image (to the upper left,
lower left, upper right and lower rightespectively. The need to use thetrl
key is explained by the fact that ordinary arrow keys are already reserved in the
MDI application for switching between child forms (see Sect@i )2

Let us give an example of a running prograkig( 22.6). The program
window contains two child fons with the same image. In the K@ind(active)
form, the zoom mode is enabled, the riphthdform has scroll bars.

o2 JPEG View
File Window

Open Close Resize

B8 B8 =>4

0- cat2? (551x5
ra\ oy

o = [ @ s |

o cat22 (551x579) | = || @ || 2 |

- -

Fig. 22.6. View of the running JPEGVIEW application
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Comment

The AutoScrollPositiproperty of a formgndof any visualcontrol that s
adescendant of th&crollableContrhss, for examplePanel allows you to
programmatically control the scrolling $ contens.

This property, like theSelectedTextroperty of theTextBoxcontrol (see
Comment 2 in Section 8.1), belongs to a grod propertieshat do not behave
quite naturally:if you set theAutoScrollPositiproperty to the value of some
objectp of Pointtype with positive fieldsX andY (which are thepositions of
the scroll bars) and then read the new value of this psgpet getan object
of Pointtype withnegativefields X andY (more precisely, the field values will
be oppositeof p.X andp.Y). Therefore for our program to work properlyve
must use thep.X=ip.X and p.Y=1p.Y statements at the beginning of the
Fam2_KeyDownethod.
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23. Splash screen application: TRIGFUNC project

The TRIGFUNC projecappliesthe DataGridViegontrolto show multict
umn list of datalt also describes techniques related to processing command line
argumentsdisplaying a splash wiav with special properties, and early term
nation of the program. lisesthe Sleepmethod of thelhreadtlass, theDoEvents
method of theApplicatiodlass, and thBrogressBaontrol

23.1. Creating a table of trigonometric function values

After creating theTRIGFUNC project, place thBataGridVietable control
on FormJ(this controlwill be nameddataGridVielyand set the properties of the
form and the addecbntrot

Properties
Formi: Text = Trigonometric Functions
StartPosition = CenterScreen

dataGridViewl: Dock = Fill ,AllowUserToResizeColumns = False,

AllowUserToResizeRows =False, AutoSizeColumnsMode = Fill

RowHeadersVisible = False,ReadOnly = True

In addition to setting the properties of tth@taGridViewable, you must set
the properties foits columns. To do this, select ti&lumnsproperty in the
Properties window of thedataGridVievwebntroland click the ellipsis buttol...|
nearthis property TheEdit Columns dialog box appears allowing you to create
table columnsgefinetheir order, ad set their properties. Click thheldé but-
ton in this windowin the Add Column window that appearsypethe header of
the first column in theHeader text box x (no other settings need to be
changed)and click theAdd button. An image of the creatediamn will appear
on the lefthandside of theEdit Columns window, and a table that allows you
to setc o | u propérses will appear on thaght-handside (the structure of
this table is similar to the structure of tReoperty window). Add four more
columns to thedataGridVievidble using similar actionsnd specifying the fb
lowing headers for thenSin(x * pi), Cos(x * pi), Tan(x * pi), Cot(x * pi).
Then close th&dit Columns window by clicking theOK button. As a result,
the dataGridViewdontrol will display the headers of the created columns (see
Fig.23.1). See als€@omments 12.



232

Sinfx* pi)

Fig. 23.1. Form1 view at the initial stage of development

Define a handler for theoadevent ofFormi1
Forml.Load handler
private void Form1l_Load(object sender,EventA  rgs e)
{
int n =7, nMax = 100001;
string[] args = Environment.GetCommandLineArgs();
if (args.Length > 1)
try
{
int n0 = int.Parse(args|[1]);
if (N0 <2 || nO > nMax)
throw new Exception();

else
n =no;
}
catch
{
string s = string . Forma{(" Invalid parameter :{0} \n"+
"Valid values are from 2 to {1}", args[l], nMax

MessageBox.Show(s, "Error", MessageBoxButtons.OK,
MessageBoxIcon.Error);
Close();
return;
}
double step=1.0/(n - 1);
/I reduce the width of the first column
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dataGridView1.Columns[0].Width /= 2;
Il determine the number of rows:
dataGridViewl. RowCount n;
for (int i =0; i <n; i++)
{
double x =i * step,
sx = Math. Sin(Math.PI * x),
cx = Math.Cos(Math.P1 * x);
dataGridView1][0, i].Value = x.ToString("f5");
dataGridView1[1, i].Value = sx.ToString();
dataGridView1[2, i].Value = cx.ToString();
dataGridView1][3, i].Value = (sx / cx).ToString();
dataGridViewl[4,i].Value = (cx / sx).ToString();

}

}
Result The program fills thelataGridVievwtable with the values of tray

nometric functions with arguments from 0 garadians on a grid of equally
spaced points. Thpoint numbern can be specifiedis a command linargu-
ment valid valuesare from 2 to 100001. When starting the program from Visual
Studio, you can specify the parameters in @@mmand line argumentstext
box of the Debug settingssectionin the project properties window (recall that
this window iscalled by theProject | <Project name Properties menucom-
mand). If the parameter is specified incorrectly, an error message is displayed
and the program exits immediately. If the parameter is not specified, then the
number of points is asswd to be 7. See al€@bmments B8.

Comments

1. Note that when adding a new column, you can specifyyipge this type
allows you to determine which type will be used by default for all cells of
agiven column. In addition to the text displayed on theuwwl header
(HeaderText), you can specify the column nanidafme), which isan identif-
er similar to the names of theontrok placed on the form (by default, the
namesColumnlColumn2etc. areused. Finally, when you create a newlco
umn, you can immedialy define three of its boolean properti®ssible(de-
fault value True), ReadOnJyand Frozen(default valueFalsg. Only the last
property needsxplanationif Frozens True, then this column and all theleo
umns preceding it ardfrozerd, that is, theystop moving on the screen when
scrolling horizontally in thédataGridVietable All of these properties, as well
as a number of others, can be defined after creating a column using tref table
propertiedn the Edit Columns window.

2. It is possible tadefine columns of th®ataGridVietable and set their
properties without visualools The easiest way to do this is to use HAuxl
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method of theColumngproperty of theDataGridViewontrol This method has
two versions the first version has twastring parameterscolumnNamand
headerTexthis versionallows you to create a column with text data (that is,
acolumn ofDataGridViewTextBoxColype);, the secondersion hasa paran-

eter ofDataGridViewColutype, this parametecan be a column object ohw
possible type. Th&dddmethod returns the index of the created column. In our
case, taking into account that all columns areDataGridViewTextBoxColumn
type and their names will not be used in the futwegould simply put the fle
lowing five statemats in the constructor of thBormlclass(instead of the
steps described above for setting columns

dataGridViewl.ColumnsAdd(","x");

dataGridViewl ColumnsAdd("","Sin(x * pi)");

dataGridViewl.ColumnsAdd(","Cos(x * pi)");

dataGridViewl ColumnsAdd(™,"T an(x * pi)");

dataGridViewl ColumnsAdd("","C ot(x * pi)");

3. To access the command laggumentsthe GetCommandLine Argthod
of the Environmermass was used, which returns a string array. The fiest el
ment of this array (with index 0) contaithe full name of the applicationex
cutable file Sarting with the next element, the array contains command line
arguments

4. In our case,ite command linargumenimay be invalid for two reasons:
firstly, it may be a string that cannot be convertedriontegersecondly, even
if such a conversion is possible, the resulting number may be out of range. In
order toperformerrorhandlingin one place in the programge implementhis
error handlingin the catchclauseof the try blockcontaining statenmé that
convers the command lin@argumentto an integer. If such a conversiéails,
an exception is raisemhd thecatchclause ismmediatelyactivated If the con-
versionis successful, but the number is out of range, theactivatethe catch
section the programexplicitly throws an exception using th#arowoperator
(the type of the exception does not matter in this case, so an excepkrn of
ceptiontype is thrown)For details on handling exceptions, see Chapter 3.

5. For immediate termination d¢iie programye call the Closemethod of
the form.Note that even after calling th€losemethod, the current method
will run to the end. Therefore, after calligose you must immediately exit
the current method using theturrstatement.

6. Due to tle Fill value of the AutoSizeColumnsMqgu®perty of the
dataGridVievebntrol the columngistretcio to the width of thecontrol By de-
fault, the width of all columns is the same, but you can change it for &y co
umn For example, in our program, the widdi the first column has been
halvedin theForm1_Loadethod

7. When performing calculations wittoubldype, you danot have to wo-
ry about possible overflow. In particular, when calculating the value of the
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function ot at zero, no error will occur dnthe valuanfinity (ors j f Sys dzJ
dzts ) lwvill be displayed in the corresponding cell of the taBlee also Co-
ment 2 in SectioB.1.

8. When converting the obtained function valtesheir string represeat
tion by means of th& oStringnethod,the default numeric format (thrgeeneal
formal is used, in which the shortest possible representation of the giwen nu
ber is setcted. Any other formatting option must be explicitly specified as
aparameter to th&oStringnethod. For example, for tlxecolumn, the program
uses thd5 forma that isa format with a fixed number of fractional digits (in
this case, witlfive fractional digitg.

23.2. Displaying the splash window when loading the program

Add a new form to the project (will automaticallybe namedForm2 and
placelabellon Form2Set the properties dformz2andlabellTo set the specified
properties Nlame SizeandBold of theFontproperty oflabellit is convenient to
display theFont dialog box by clicking the ellipsis butto|...| near the Font
property in theProperties window. Using theFont window, you can configure
all the font properties and, in additiojgu canview a sample font with thees
lected settings.

Properties
Form2:Text = empty string ,ControlBox = False,
FormBorderStyle = FixedSingle ,Opacity = 80%

Showln&skbar = False, StartPosition = CenterScreen,
UseWaitCursor = True

labell: Text=  Trigonometric Functions
AutoSize = False,Dock = Fill ,TextAlign=  MiddleCenter,
FontName = Times New RomaRontSize = 32 FontBold = True

After setting thd~or property of thdabellcontrol resize thd=ormzZo that
the label text is placed on two lines (see E&j2).

[m]

Trigonometric
Functions

Fig. 23.2. Form2 view at the initial stage of development
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Remark. Recall thatto select a form in a situation when one ofcibsitrok
is slected,you canjust press the Esc key. Another quick way to select a form
(clicking on itstitle bay is inapplicable in this casbgecausgdue to the settings
made earlief-ormzhas naitle bar.

Add a new field to the beginning of tiféormlclass desription in the
Forml.csfile:

private Form2 form2 = new Form2();

Changehe constructor for thEormZXlassas follows:

public Form1()
{

InitializeComponent ();

AddOwnedForm(form2);

form2.Show();

Application . DoEventg);

}

Add a new statement tbeForm1_Loaudethod

form2. Hide();

Result While loading thedcormImainwindow and filling thedataGridView1l
table with data, &ormZplash windows displayed on the screen indicating that
the program is currently performing initializing actions. Bpéesh windowhas
no title and is serdiransparent; it cannot be moved around the sci@rrthe
splashwindow, the mouse cursor changes to an hourglass. When thewmnain
dowis displayed, the splastindow disappears.

Disadvantage If the amount of calculaties required to fill the table is
small (for example, when using the default number of paints’), then the
splashwindow cannot be viewedue tothe short display time.

Correction. In theForml_Loachethod, before the previously addede-
mentform2.Hdie()jnserta newstatement:

System.Threading.Thread.Sleep(1000);

Result After the completion of the initializing actions, the program pauses

for 1 second, during which the splash window remains on the screen.

Comments

1. The Opacitypropertyof the Formclassis responsibléor the transparency
mode of the formBy default, it isSL0®6, which corresponds to thell opacity
mode. Partial transparency mode is convenient for dialog windows if, when
they are displayed on the screen, it is desirable to setexhof the main wi-
dow located under them (note that sultdlog windows are used in the Visual
Studio environment when displayiegceptionrmessages In our case, we used
asemitransparensplash window just to give it a more origirnabk.

2. In theabsence of thépplication.DoEvenst@temenin the Formicon-
structor an empty rectangular areavould be displayed instead of a splash
window. Calling theDoEventmethod of theApplicatiodlass provides immed
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ate handling ofall events that have ogoed up to tht point in particular,
events related to the redrawing adntrok on the screerMore precisely, the
DoEventsethod provides processing @t Windows messagesirrently co-
tained in the message queue for this applicatienall thatin .NET applia-
tions, Windows messages are converted to events for ceotatirok).

3. To suspend program execution for the specified number of milliseconds,
we use the Sleepmethod of theThreadclass from the System.Threading
namespace.

23.3. Using the splash window as an information window

Placebuttonbn Formzand set the propertieds Formzand the addedontrol
(see also Fig23.3).

Properties
Form2: AcceptButton = buttonl
buttonl: Text = OKDialogResult=  OKVisible = False

Trigonometric
Functions

Fig. 23.3. Form2 view at irermediate stage of development

PlacemenuStripdn Form1If the menu bar added Eormls overlappedy
the upper part of thdataGridViewable, then select thmenuStripéontrol and
click on theSend to Backbutton on the right side of tHeayout panel (seethe
comment in Section 21).3

Using the menulesigner(see Section1), create a firskevel menu item
with the text& A b o u in éhe menuStripinenu (see Fig23.4) and use the
Properties window to change the name of this item (that is,Nlaeneproperty)
to aboutlDefinethe Clickevent handler for the created menu item

aboutl1.Click handler
private void aboutl_Click(object sender, EventArgs e)

{
}

form2. ShowDialod);
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o2 Trigonometric Functions E@
=

About...
u

Fig. 23.4. The finaview of Form1

Add two statement® the Form1_Loaudethod:

form2.UseWaitCursor = false;
form2.Controls["button1"].Visible = true;

Result Now the splash window can be displayed é@modal window) &
ter loading themain formusing theA b o u ménu command. To close the
splash window in this case, use (K buttonor the Enter keyWwhen the splash
window is displayed during loading of the main form, @i€ button is not -
played on it.

23.4. Displaying the progress of the program loading
Placethe ProgressBarontrol (namedprogressBarbn Form2and set its
propeties (see also Fig3.5):
Properties
progressBarl: Dock = Bottom Modifiers =  Internal
Style = Continuous

Trigonometric
Functions

Fig. 23.5. The finaliew of Form2

Modify the Form1_Loauethod ofFormZias follows:
private void Form1_Load(object sender, EventArgs e)

{
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intn=7,nMax = 100001;
string[] args = EnvironmentGetCommandLineArgs();
if (argsLength > 1)

try
{
int nO = intParse(args[1]);
if (N0 <2 || nO > nMax)
throw new Exception();

else
n = no;
}
catch
{
string s = stringFormat(" Invalid parameter :{0} \n"+
"Valid values are from 2 to {1}", args[1], nMax);

MessageBox.Show(s, "Error", MessageBoxButtons OK,
MessageBoxIcon Error);

Close();

return;

}

double step =10/ (n - 1),
dataGridView1 Columns[0]Width /= 2;
dataGridViewl RowCount = n;

for (inti=0;i <n;i++)

{

}

double x =i * step,

sx = Math.Sin(Math PI * x),

cx = MathCos(Math Pl * x);
dataGridView1]O0, i]Value = x.ToStr ing("f5");
dataGridView1[1,i]Value = sx.ToString();
dataGridViewl1[2,i]Value = cx.ToString();
dataGridView1[3,i]Value = (sx / cx).ToString();
dataGridView1[4,i]Value = (cx / sx).ToString();
form2 progressBarl.Value = 100 *i/ (n - 1);

System.Threading.Thread.Sleep(1000);
form2 Hide();

form2.UseWaitCursor = false;

form2 Controls['button1"]Visible = true;
form2.progressBarl.Visible = false;
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Result When the mainwindow is loading the splash window displays
graphi@l information about theading progress (that is, about the percentdge
calculations perform@gdthe progressBarbntrolis usedfor this. On subsequent
calls of the splash windowsingthe A b o u tménu item the progressBarion-
trol is not displayed.

Comments

1. TheProgressBaontrol implemens the progress barandallows you to
display information about the progress of a certain process in three nedes d
termined by the&Styleproperty: the indication in the form ofantinuous strip
(Continuous, usel in our progran) indication in the form of aet of rectang-
lar blocks (Blocks, the default value)and indication in the form ofunning
markers(Marquee). The latter mode is convenient to use in a situation where
you need to indicate the execution ofrge longterm actions, but it is difficult
to determine which part of the actions has already been completdthrin
gueemode, no additional customization of tAeogressBas required; just note
that theMarqueeAnimationSppeaperty can be used to sggcthe speedat
which markers moveln the other two modes, the appearance of the indicator
depends on the values of three integer propeNakie Minimungdefault vé-
ue0), andMaximunfdefault valuel00). The value of th&alueproperty ranges
from Minimunto Maximunand determines which part of the indicator will be
highlighted. Although theProgressBacontrol provides thelncrementand
PerformStemethods to change théalueproperty there is no particular need
for these methods because Yfaueoroperty ismutable

2. By setting the value of thdodifierproperty of theprogressBadontrol
to Internal, we got the opportunity to directly access tbantrol from the
methods of another form (namely, thermlownerform). In this casethereis
no need to use théontrolgollection property (which was used in Sectii3
to access fronrormlo thebuttonTontrolof Form

23.5. Early termination of the program

Define a handler for thikeyDowrvent br Form2
Form2.KeyDown handler
private void Form 2_KeyDown(object sender, KeyEventArgs e)
{
if (e.KeyCode == Keys.Escape)
Hide();

}
In the Form1_Loaahethod ofForm]at the beginning of thiorloop, insert

anewpiece ofcode
Application.DoEvents();
if (Iform2.Visible)
{
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Close();

return;
}

Result The program execution can be interrupted during the initial @lcul
tions to do this, just press the Esc key. In this case, the splash windqw disa
pears from the screen and the program exits immediately.

Comments

1. Pay attention to calling theoEentsmethod before checking fbrm2
remains visible on the screen. As noted earlier (see S&3idh theDoEvents
method allows you to handle events that occurred after the stwotnef mdi-
od (in our case, after the start thie Form1 Loachethod we want to handle
event related witlpressing the Esc kgyin the absence of tHeoEventmet-
od, all such events will beandledonly after the current methofinishes that
IS, in our caseafter the completion odll actions associated with the cakaul
tion of data.

2. When the splash window is displayed using Amut... command,
pressing the Esc key does not close it. This is due to the facinthiais case,
the events associated with the keyboard go directly to the acinteolbutton;1
bypassinghe Form2In order for the Esc key to close the window in this case,
it is enough to set thikeyPrevieproperty ofForm2o True. After the corre-
tion has been made, teplashwindow called up by th&bout... command can
be closed either by pressing tBater key, or by pressing the Esc kistead
of setting theKeyPreviemroperty toTrue, you can set th€ancelButt@rope-
ty to buttonl.

23.6. Dragging the splash window

Add the field to th&cormzlass delaration:
private Point p;
Define event handlers fahe MouseDowaind MouseMowvevents for thda-
bellcontrolof Form2
labell.MouseDown and labell.MouseMove handlers
private void labell MouseDown(object sender, MouseEventArgs e)

{

p = e.Location;

}

private void labell _MouseMove(object sender, MouseEven tArgs e)

{

if (Control.MouseButtons == MouseButtons.Left)
Location += new Size(eX - pX,eY - p.);

}
Result The splash window can now deaggingaround the screen with the

mouse; to do this, place the mouse cursor in any position of the wiptdess
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the left mouse buttgrand, without releasing it, move the mouse to the required
position on the screen.

Note. Previously, a similar drag method was usedSection 9.1 This
method is most natural for thogsendowsthat do not contain title bar.

Disadvantage The splash window can also deaggedwhen it is firstap-
pearson the screerd(ringdata initialization), which is usuallyot desirable.

Correction. Select thelabellcontrolandclear the text boxassociated with
the MouseMovevent in theProperties window. In the delaration of the la-
bell MouseMowvaethod, replace therivate modifier with internal In the
Forml.csfile, adda newstatemento the Form1 Loadethod

form2.Controls["labell"].MouseMove += form2.labell_MouseMove;

Result Dragging the splash window is possible only when it is displayed
on the screensingthe A b o u toémmand. At the moment of initial loading of
the program, the splash window cannot be dragged, becautsbéht Mouse
Movemethod is not yet associated with tMe®useMovevent of theabellcon-
trol.

Let us give aview of the running program after calling the splash window
by the Ab o u ttalmmand in the case when the number of pomis 15
(Fig. 23.6).

o5 Trigonometric Functions o || B ER
About..
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Fig. 23.6. View of the running TRIGFUNC application
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24. Creating controls at runtime: HTOWERS project

The HTOWERS project is a computer implementation of the-kedivn
logic problemiiTowers of Hana  ( Tower ofi Hanod .) Thisproblemis as fd-
lows: there are threeods, one ofthem contains(in decreasing ordeof size)
several disks forming &owelg; it is required to move the entire tower to one of
the emptyrodsusing the other emptyd as an auxiliary one. You canoveone
disk at a time a larger dik cannot be placed on a smaller oRer solving the
problem with N disks, the minimum number aofiovesis 2'i 1 (see 4, Chap
ter 1]).

The HTOWERS application uses three rectangular ai@asupBoxon-
trols) instead ofrods and rectangularlbcks (Labelcontrok) instead of disgs
blocks can baenoved between eeas.The HTOWERS project demonstrates the
capabilities associated with creating controls at runtivheving blocks is m-
plemented using thdraganddrop mode The application has a demo mode
showing the correct sequence of moves to solve the problem.

24.1. Creating a start position

After creating the HTOWERS project, place thmamntrok of GroupBox
type (they will be namedyroupBoxil groupBox3andthe NumericUpDowantrol
(namednumericUpDowrdn Form1Setthe properties ofFormland all the added
controk and arrange thmontrok as shown in Fi24.1.

Properties
Formi: Text = Towers of Hanoi, MaximizeBox= False,
FormBorderStyle = FixedSingle , StartPosition = CenterScreen

groupBox: Text = Start position
groupBoxXgroupBox2: Text = empty string
numericUpDown1: Minimum =2, Maximum = 10,Value = 4

o= Towers of Hanol EI [=] @

m :D

Start position

Fig. 24.1. Form1 view at the initial stage dévelopment
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Definethe Loadevent handler foForm1
Forml.Load handler
private void Form1_Load(object sender, EventArgs e)
{
Random r = new Random();
/I ni sthe number of tower blocks
int n = (int)numericUpDownl.Value,
w = groupBoxl. Width,
h = groupBox1.Height;
for (inti=0;i<n;i++)
{
Label Ib = new Label();
/[ defining the properties of the created Label control
/l (thei -th block of the tower );
I/l all blocks are drawn on the groupBox1 control :
Ib . Parent = groupBox.,;
Ib.BorderStyle = BorderStyle FixedSingle;
Ib.Size = new Size(w - 10)*(n - i)/n,(h - 15)/n);
Ib.Location =
new Point((w - lbWidth) /2,h - 2 - (i+ 1) *IbHeight);
/I the label background color is determined randomly:
Ib.BackColor = Color.FromArgb(r.Next(256), r.Next(256),
r.Next(256));

}
}

Result When the program starts, a tower of four colored bldaksch are

thecontrok of Labetype) is drawn on thgroupBoxdontrol

Comment

Any containercontrol (in particular, a form) can be specified as plaeent
control of any visualcontrol by assignment té?arentproperty of this visual
control Instead of tk Ib.Parent = groupBaxdtementwe can use the equav
lent call to theAddmethod for theControlollection property of the parent
controt

groupBox1.Controls Add(lb);

The parentontrolis responsible for redrawing all of its chibdntrok. If
thecontrol has no parent, it cannot be displayed on the screen.

24.2. Redrawing the tower when changing the number
of blocks

Define a handler for th&alueChangexVent for thenumericUpDown@n-
trol:
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numericUpDownl.ValueChanged handler
private void numericUpDownl_ VaueChanged(object sender,
EventArgs e)

{
Form1_Load(this, null);

}
Result Changing the value of theumericUpDownntrol creates a new
tower with the specified number of blocks.
Error . The new tower is drawoverthe old one.
Correction. Add a newmethod label Dispos® the declaration of the
FormXklass
private void label Dispose(GroupBox gb)

{
for (int i = gb.Controls.Count - 1;i>=0;i -)
gb.ControlsJi].Dispose();
}
Add thefollowing statementtathe beginning of thaumericUpDownl alu
Changedhethod

label_Dispose(groupBox1);

Result Now all blocks of the old tower disappear from the screen and also
free their resources.

Disadvantage In the process of forming a new tower, extraneoug-fra
ments of images flicker on the screenisTiadvantageis due tothe fact that
afterdefining a parent for a label, this labglimmediately drawn onstparent
and all subsequent changes to its properties lead to redrafrtimg label

Correction. In the Form1_Load method, move the statement

IbPa rent = groupBox1;
to the end of the loopody (that is, to thgyosition after thestatementefining
the background color of the label).

Result Now all settings of the lab@l properties are performdxtforeits
parentcontrolis defined, therefore, thedo not lead to redrawing of the label on
the screen (the label is drawn only once after setting all its properties).

24.3. Dragging blocks to a new location

Add a newstatemento the constructor of theormXklass:
groupBox1.AllowDrop = groupBox2.AllowDrop =
groupBox3.AllowDrop = true;
Add new methodshamedlabel MouseDowand label Movéo the Forml
class
private void label_MouseDown(object sender, MouseEventArgs e)

{

if (e.Button == MouseButtons Left)
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DoDragDrop(sender, DragDropEffects.Move);

}
priva te void label Move(Label Ib, GroupBoxgb)

{

/I change the GroupBox control that displays the Ib label

Ib.Parent = gb;

Ib.Top = gb.Height - 2 - gb.Controls.Count * |b.Height;

}

Add thefollowing statementt the end of the loop body the Form1 Load

method
Ib.MouseDown += label MouseDown,;

Define event handlers for thBragEnteland DragDropevents for the
groupBox&ontroland thenconnectthesehandlers to th®ragEnteand DragDrop
events of thgroupBox2ndgroupBox8ontrok:

groupBox1.DragEnter and groupBox1.DragDrop handlers
private void groupBox1_DragEnter(object sender, DragEventArgs e)

{
e.Effect = DragDropEffects.Move;

}

private void groupBox1_DragDrop(object sender, DragEventArgs e)
{

Label Ib = e Data.GetData(typeof(Label)) as Label;

GroupBox gb = sender as GroupBox;

if (gb == Ib.Parent)

return;
label_Move(lb, gb);
}
Result Any block that is, theLabelcontro) can bedraggedto another
tower (that is, th&roupBogontrol), and the moved block will always be at the
top ofthe tower.
Remark. Actionsrelated tomoving a label to anotheGroupBogontrol are
implementedas a spcial label _Movenethod, since #se actionswill be per-
formed not only whenexecuing DragDrohandlers, but also innaadditional
demo mode of the pgram (see Sectidy.6).
Error . You candragnot only the togblock, but also any other block of the
tower.
Correction. Change thgroupBox1 DragEmhethodas follows:
private void groupBox1_DragEnter(object sender, DragEventArgs e)
{

Label Ib = eDa ta.GetData(typeof(Label)) as Label;

if (Ib.Parent.Controls[Ib.Parent.Controls.Count - 1] !'=1b)
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e.Effect = DragDropEffects.None;
else
e Effect = DragDropEffects Move,;
}

Result Only the top block of the tower can loeagged When you try to
drag the lower blocks, the dragnddrop cursortakes the form of a prohiban
sign®.

Remark. We took advantage of the fact thathen you add a child to the
Controlsollection, itis placedat the end of it; therefore, the tbjpck has ann-
dex equal ta&Controls.Couint in the Controlsollection

It remains to take into account the additional condition of the prolitesn:
block can move either to an empbyver or to a tower with aop block of the
larger size To do this, we change tlggoupBox1 DragBrmethod again

private void groupBox1_DragEnter(object sender, DragEventArgs e)
{

Label Ib = e DataGetData(typeof(Label)) as Label;

int k = int.MaxValue;

GroupBox gb = sender as GroupBox;

if (gb.Controls.Count > 0)

k = gb.Controls[gb.Cont rols.Count - 1]Width;
if (IbParentControls[lbParentControls.Count - 1]!'=1b
|| lbwidth >k )
e Effect = DragDropEffectsNone;
else
e Effect = DragDropEffects Move;
}

Result Whendraggingthe block,the additional condition is takemto ac-
count.

Remark. The new version of thgroupBox1 DragEmtethod uses the xa
iable k, which containsthe width of thetop block of the receiving panel or the
maximum possiblent value (equal tant.MaxValyief the receiving panel ¢e
tains no block.

Error . When changing the number of blocks using themericUpDownl
control only those blocks that are on t@upBoxpanel are deleted.

Correction. Change th@eumericUpDownl ValueChangétbd

private void numericUpDownl_ValueChanged(object sender,
EventArgs e)
{

label_Dispose(groupBox1);

label_Dispose(groupBox2);

label _Dispose(groupBox3);
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Form1_Load(this, null);
}

Comment

Drag-anddrop mechanism was discussed in detail irafter10. Note that
the AllowDroproperty for theGroupBogontols had to be defined in the fogmn
constructor, since this property is not displayed in Pneperties window.
Next, noe thatall Labelcontrok have theirAllowDroproperty set td-alse (the
defaultvalug), so labels cannot act asogreceivers (thewrefinvisibleo to the
draganddrop mode). Tkerefore, the draganddrop cursor does nohave
aprohibition signover the labelsand if youdropthe source object over tha-|
bel, theDragDrogvent will occur for the&sroupBoxgontrol contairning this la-
bd.

24.4. Restoring the start position and counting the number

of block movings

Placethe Buttoncontrol (hamedbuttonlon Formlset theTextproperty of
the button toStart position, and connectits Click event to the existing
numericUpDownl_ ValueChdmgader. Also, placdhe Labelcontrol (namedla-

beld on Form1(you donot need to change itBextproperty). Arrange the added
controk according td-ig. 24.2.

o5 Towers of Hanoi \E\ [=] @

4 = Start position

Start position

Fig. 24.2. Form1 view at an intermediate stage of development
Add declarationsof two fieldsand teInfohelper methodo FormXlass

private int count;
private int minCount;

private void Info()

{

labell.Text =$" Number of moves{count} ({minCount})";

}
Add three statements to tRerm1_Loadethod:
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count = 0;
minCount = (int)Math.Round(Math.Pow( 2,n)) - 1;
Info ();

Add two statements to thabel Moveethod:

count++;
Info();

Result To restore the starting position with the same number of blocks,
press theStart position button. If, when restoring the initial position, it is ngce
sary to changehe number of blocks, it is sufficient to specify a new value in the
numericUpDowadntrol (in this case, you do not need to press the button).

Information about the number of block niogsis displayed in the text of
labell There, inparentheses, the mmmum number of moves required to solve
the problem with a given numberof blocks is indicated (this minimum number
is equal to 27 1).

Remark. Note thatblock mowvings within the sameGroupBoxontrol are
not counted when calculating the number of moves.

Comments

1. When forming the text débellin thelnfomethod,aninterpolated string
was useqseestomment? in Section 22).

2. The Powfunction of theMathclass was used to find the value 8f@ince
it returns a resulbf doublaype the resulting value must be converted toran i
teger type. Since the fractional part is discarded wisamg the(irt) operatoy
we first round the resulting number to the nearest integer usirigatnedunc-
tion. Note that th€int)conversion remains necessafyer rounding since the
Roundunction returns aesultof doublaype (with a zero fractional part).

24.5. Information about solving the problem

Place another labehémediabel?2 on Formlunder the existindabel set its
Textproperty toProblem solved! and setits ForeColgoroperty toGreen.

In theForm1_Loadethod add thestatement

label2 Visible = false;

Add the followingpiece ofcodeto thelabel Movaethod:

if (groupBox2.Controls.Count == numericUpDown1.Value
|| groupBox3.Controls.Count == numericUpDown1.Value)

label2 Visible = true;

Result The problem is considered solved and the mesd$agblem
solved!is displayed if the size of the towerate of twofinal positiors (on the
groupBox@r groupBox8ontrol) is equal to the total number of blocks.

Disadvantage After solving the problengraggingblocks is still allowed.

Correction. Add the folbwing piece of codeto the beginning of the
groupBox1_DragEmthod:

if (label2.Visible)
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{
e.Effect = DragDropEffects.None;

return ;

}
Result After solving the problem, blocks cannotdragged

24.6. Demo mode implementation

Place another button on Forrfduttonand set itsTextproperty toDema.
FormMwill take theview shown in Fig24.3.

o Towers of Hanoi \E\ [=] @

Lt ]
4 = Start position 0 Demo [ labell
o0 o  Problrm salved!

Start position

Fig. 24.3. The finalview of Form1

Add a newStepmethod to thé-ormXklass
private void Step(int n, GroupBox src, GroupBox dst,
GroupBox tmp)
{
if (n==0)
return;
Step(n - 1, src, tmp, dst);
if (button1.Enabled)
return;
label _Move(src.Controls[src.Controls.Count - 1] as Label, dst);
Application.DoEvents();
System.Threading.Thread.Sleep(1500 /
((int)numericUpDownl1Value) - 1);
Step(n - 1,tmp, dst, src);
}
Definethe Clickevent handler fobutton2
button2.Click handler
private void button2_Click(object sender, EventArgs e)

{
numericUpDown1.Enabled = button1.Enabled = !button1.Enabled;
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if (Ibutton1.Enabled)
{
if (groupBox1.C ontrols.Count != numericUpDown1.Value)
numericUpDownl_ValueChanged(null, null);
Step((int)numericUpDownl.Value, groupBox1, groupBox3,
groupBox2);
numericUpDown1.Enabled = buttonl.Enabled = true;

}

}
Add the following statementto the beginning of the label MouseDown

method:
if ('button1.Enabled)

return;

Result When you click thdDemo button, the program switches tiemo
mode which demonstrates the correct sequence of moves to solve the problem
with a givennumber of blocks (blodkmove automatically). In demo mode, the
numericUpDowndntrol and theStart position button arenot available;also,
you cannot drag labels. Demo mode is exited after completing the solution, as
well as when thédemo button is clicked again (in the lattease, after exiting
the demo mode, you can continue to solve the problem yourself).

Error . When trying to terminate a program in demo modeAumentCut
OfRangeExceptiam-time error occurs due to the fact that previously cefip
methods continueexecuion after the Controlscollection properties of the
GroupBogontrok have been cleared as a result of the terminating program a
tions.

Correction. Definethe FormClosegvent handler foForm1

Forml.FormClosed handler
private void Form1l_FormClosed (object sender,
FormClosedEventArgs e)

{

button1.Enabled = true;
}

Result Now, when the form is closedhuttonlis made available, which
makes it possible to almost immediately complete all recursive calls ®Bitepe
method without accessing tki®nrolscollection.

Comment

The Step(n, src, dst, tmpgthod defines the actions required to solve
aproblem withn blocks The last threeparametergof GroupBoxype) define
the startingarea(the srcparametersource, the endingarea(the dstparameter
destination, and theauxiliary area(thetmp parametertemporary. Obviously,
to solve a problem with blocks, it is enough to perform three steps
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Step1l. Moven- 1blocks from thesrcareato thetmpareausing thedstarea
as an auxiliary.

Step2. Move then-th block from thesrcareato thedstarea

Step3. Moven- 1 blocks from thempareato thedstarea using thercarea
as an auxiliary.

Steps 1 and 3 can me performed as a call to the sp@ethod with the
first parameter equal to- 1. Thus, the method implementgecursive al@-
rithm. The chain of recursive operations should be interrupted when tha-para
eternbecomes equal to 0. In addition, theepmethod provides another way to
exit: if the Demo button was pressed again (to chelais action, theEnabled
property of thebuttonTontrolis analyzed).

Step 2 is implemented using th&bel Movenethod. After calling this
method, you must call theoEventmethod of theApplicatioolass, which pr-
vides redrawing the moved label andaaallows to handle thBemo button
click if the user wants to exit demo mode earlier. Bieepmethod of the
Threadclass is also called, which pauses the program execution for a while
(this period of time depends on the number of blocks). We uselDotieents
and Sleepmethods earlier in Chapter 23 (see Commen&i2 Section 23.2
andComment 1in Section 23.hb

Here is aview of a running program after solving a problem with five
blocks (Fig.24.4).

o Towers of Hanoi E [=] @

Number of moves: 31 (31)
Problrm solved!

5 = | Start position | | Demo

Start position

Fig, 24.4. View of the running HTOWERS application
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25. Study assignments

25.1. General requirements

If the form does not contaioontrok for which it makes sense to resize,
then it cannot be resized or maximized.

When placingcontrok in aform, make optimal use of tHerm space. For
forms of variable sizeyou should actively use thnchoor Doclproperties.

All actions provided in the project must be associated with keyboard
shortcuts. Information about keyboard shortcuts should be available incthe pr
gram window through underlined characters in thedithfcontrok, additional
text inparentheseffor example Run (F5)), default buttons. Changing the focus
with the Tab key should occur in a natural ordiit: to right and top to bottom.

Programs should not contain handlers of the same type; instaaanyst
connect one handler to multipt®ntrok. Actions applied to multipleontrok
must be performed in a loop using thentrolproperty of the form.

The default namesf controk should not be changed, except for the names
of menu items and shortchtittons

25.2. CONSOLE project: console applications,
file and directory processing

General guidelines All input data for the program must be passed using
command lineargumentsTo test a program with differeargumentsuse the
project settings specified ithe Debug group and prepare a special directory
structure on disk.

The program shoulgrovide formatted output (for instancesinginterpo-
lated strings). LINQ queries can be useful in a number of situations.

The program must correctly handle directomath relative paths (that is,
with paths that do not start with a drive letter and a backslash). For example,
specifying thedirl directory means that thdirl directory is a subdirectory of
the current directory. Spedialo dqit wectd
do not need to be processed.

At the beginning of its work, the program should print to the consol&-an e
ample of its call with the command limeégumentdif someargumentsare -
tional, they are enclosed in square brackets). If there iisvahid argument(for
example, the name of a directory that does not exist), the program sheuld di
play an error message. After the completion of the data output, it is necessary
that theform does not close immediately and alkie user toview the resilts
obtained.
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1. At the end of program worlg list of files from the current directory (or
the directory specified as a command larigumenkis displayed in the console.
Files are sorted by size. Information about files should be displayed in tiree co
umns containing the file name, size (in bytes) and creation Wate.do rot
need to process subdirectories.

2. At the end of program worla list of subdirectories of the current die
tory (or the directory specified as a command Angumenk is displayd in the
console. Subdirectories of all levels must be listethe order of their nesting
and directories must be indented with four spaces for each fveach level,
the directories must be sorted alphabetically by name.

3. At the end of program ark, the console displays a list of files from the
current or usespecified directory with names matching the es@ecified mask
(for example *.jpg). The directory and mask are specified by the user on the
command line (the first is the mask, the secmnthe directory). If the second
argumentis missing, the current directory is processed. Ifasjumerg are
missing, an error message is displayed. Information about files should-be di
played in three columns containing the file name, its size (irspgied the date
of creation (files are sorted by name in alphabetical ortdfen). do rot need to
process subdirectories.

4. At the end of program workhe console displays a list of files matching
the specified mask in alével subdirectorie®of the curent directory (or theid
rectory specified athe firstcommand lineargument The mask is specified as
the seconc@rgumentif it is not specifiedthenit is considered equal to*. For
each subdirectoryou should outputs full nameand thera listof the names of
the files that satisfy the masind are located in thsubdirectory together with
their size in bytes (each name is displayed on a new line with an indention of 4
spaces, the files are sorted in alphabetical order of names). Subdisectoriee
listed in any order.

5. At the end of program workhe console displays summary information
about files matching the specified mask inlallel subdirectories of the current
directory (or the directory specified #se firstcommand lineargumen). The
mask is specified as the secargumentif it is not specifiedthenit is consd-
ered equal td.*. For each subdirectory, first its name is displayed, then (in the
same line) the number of files matching the mask and their total size in bytes.
Subdirectories of all levels must be listiedthe order of their nestinglirectories
must be indented with four spaces for each |ew&thin each level, directories
can be listed in any order.

6. At the end of program workhe console displays a list fies from the
userspecified directory with names that match the ispacified creatiorate
interval (subdirectories are not processed; the start date and end date may coi
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cide). The directorythe start dateand the end datare specified by the usen

the command line as threegumerd. If there ardess than threeommand line
argumentsan error message is displayédformation about files should besdi
played in three columns containing the file name, its size (in hyed)the ae-

ation date.Files must besorted in ascending order ofeationdate.ln an exan-

ple of program call (this example should be print to the congdlleeabeginning
of programwork), therequireddate format should be displayed.

7. Create a program that compares theaustof files with the same name
(case insensitive) in the two directories specified by the asewocommand
line argumentsIf there areless than twocommand linearguments an error
message is displayediwo lists of files are displayed on the scre@) a list of
files with the same name and the same cogté} a list of files with the same
name and different contemtin each list, filesmust besorted alphabetically,
with each name displayed on a new line.

8. Create a program that comparesdbetents of twalirectories specified
by the useas twocommand lineargumentslf there ardess than tw@ommand
line argumentsan error message is displaydthiree lists of fileanust bedis-
played on the screen: (1) a list of files present in tls¢ dilrectory and absent in
the second, (2) a list of files present in the seadinectoryand absent in the
first, (3) a list of files contained in both directori€sle contents is not required
to analyze In each list, filesnust besorted alphabeticigl, with each name di
played on a new line. Filename comparisons are not case sensédiveo rot
need to process subdirectories.

9. Create a program that copies the structutbexiested directoriesn the
created directory structureach subdirecty namemust have a prefigspecified
by the usem the firstcommand lineargument The source directory (containing
the directory structuréo be copiefland thedestinationdirectory (in which the
copy of this structure will be creafedhust be specifeeas the second and third
command lineargument respectivelylf there ardess than threeommand line
argumentsan error message is display@tie progranmustdisplay the number
of created directorie¥.ou do rot need tacopy files

10. Create a progm that calculates two values: the number and total size
of all files located in the specified directory and itsledlel subdirectories and
satisfying the mask specified by the user. Theléwpl directory and mask are
specified by the user as the fiemtd second command lirrggumentsrespe-
tively. If no mask is specified, the* mask is used. If the directory is also not
specified, then the current directory is processed. Several masks can be specified
in the command linargumentsin this caseeach mask is processed separately,
and the program displays more than two values (each two values must be di
played on a new line).



256

11. Create a program that searches for a file by mask in the structure of
nestedsuldirectories, excluding somsuldirectories from consideration. The
initial directory name, filemask and suldirectory names to be excluded are
specified by the user on the command line (there can be multiple drees
cludad suldlirectories) Files of the initialdirectoryare always processeor all
found files, their full name, size (in byteghdcreationdate are displayed (files
canbe displayed inany order). If names of excluded directories are not ispec
fied, then all subdirectories are processed; if, in addition, no file mask is spec
fied, then all files ardisplayed If all command lineargumentsare missing, the
current directory is processed.

12. Create a program thiatds the characteristics of the structure of nested
directories: the total number of subdirectories, the maximustingedepth, the
maximum number of files innedirectow, the total size of all filegn the initial
directory and all subdirectorie¥he initial directory is specified as a command
line argument if the initial directory is not specified, then the cuntréirectory
IS processed.

13. Create a program to rename all files with a -gpecified name in
agiven directory and alits subdirectories. The user specifies tlé and new
file names (without * an® wildcardg and the toplevel directoryascommand
line argumentsif there areless than threeommand lineargumentsan error
message is displayefearching for files to renanghould not be case sensitive.
The program displays the total number of renamed files.

25.3. DIALOGS project: form interaction

General guidelines For dialogboxes (that ismodalforms), it is necessary
to implementthe standard@ctionsfor the Enter and Esc keys (the Enter key is
always associated with ti@K button or its analog, thEsckey is always ass
ciatedwith the Cancel key or its analog). When you reopen the dialog box, it
must either retain the previous information or display new information if such is
the condition ofa studyassignmentln any case, it is necessary to ensure that
the firstcontrolof the dialog box is astated.The dialog box should not contain
minimize and maximize buttons. The mé&mm mustcontain an available m+
imize button; maximization should only be available for tksizable mad
form. By default (ifa study assignmendoes notrequirethe diabg box to be
resizable), the dialogox should be fixedn size.

1. Thefixed-size main form containsa text box,the Passwordlabel and
the Open a protectedform button The initial password igwerty. If the pas-
word is input correctly, then, when the htton (or the Enter key) is pressed,
amodal form with the Protected form title appears containing twiext boxes
with theNew passwordiabel(at the beginning, thegext boxescontain thani-
tial password) and two modal buttor@®@K andCancel TheOK buton is avak
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able if bothtext boxesin the modalform contain the same nesmpty text
When you close the mod&drm with the OK button or the Enter key, this text
becomes the new password. When you close the niodalwith the Cancel
button or the Esc ke the password is not changed. Wlout a password, the
symbols "*" should be displayadstead of the typed charactets do this, use
the PasswordChproperty of thelextBoxontrol You do not need to save your
password when you close the applioati

2. Thefixed-sizemainform containsthe Change scalingoutton (the button
is located at the upper left corner of tleem). When the button is pressed,
amodalform with the Scaling title appears containingtaxt boxwith the New
scale (%)labelandthree buttonsOK, Apply, andCancel TheOK andApply
buttons are available if theext box contains an integer in the range frd@
to 300 The initial value of thisnput boxis 100, only digits can beinputin this
box. When you press theK or Apply buttons, the maiform and the button it
contains change their sizes in accordance with the new scale factor (for example,
if the factoris 200, then the sizes are doubled); in case of pressin@Qkhéut-
ton, the modalorm will close. The scaling is alwayrelative to the initial size of
theform. When you clickhe Cancelbutton the modaform closes without per-
forming any additional actioniWhen you reopen the mod@airm, the text box
should display the currestale factowalue.

3. Theresizablemain form contains a multline text box When you try to
close theform, a modalform appears with buttonsSave Not save Cancel
When you click theSavebutton, the entered text will be saved in thgt.txt
file. Pressing th€ancelbutton cancels the clog of the mairform. When you
reopen thdorm, if there is aext.txt file, its textis loaded into theext box

4. Theresizablemain form contains theShow button. When this button is
clicked, a modalform appears with tweext boxes containing the coent values
of the coordinates of the upper left corner of 8w button (thex coordinate
is displayed in the firsdext box they coordinate in the second) and the buttons
OK, Apply, andCancel. When youclick the OK or Apply buttons new coa-
dinatesare sefor the Showbutton; in case of pressing tlK button, the mad-
al form will close. When you clickhe Cancel button the modalform closes
without performing any additional action. If thext boxes contain invalid via
ues, theOK and Apply buttonsshould be unavailable (the value is considered
valid if it can be converted to a noregative number anéfter moving to the
specified position, theshow button will be at least partially visible on the
screen)

5. Thefixed-sizemain form contains thel'win button. When you clickhe
button amodalform of the same size appears with (b andCancelbuttons.
The modalform can be resized. Th@K button (and the Enter key) closes the
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modalform and sets the size of the modatm for the mainform, the Cancel
button (and the Esc key) also clogee modal form but does not change the
size of the mairiorm.

6. Theresizablemainform contains theAdd L abel button. When you click
the button a modalform appears with twdext boes for the coordinates of
anew label atext boxfor the text of thidabel, and buttongOK, Apply, and
Cancel TheOK andApply buttons are available if treordinates of a neval
bel are nomegative numbers corresponding to some point in the main form and
the label text is a neampty string.When youclick the OK or Apply buttons,
anew label is createth the mainform in the position specified by the user; in
case ofclicking the OK button, the modalorm will close. When you clickhe
Cancelbutton the modaform closes without performing any additional action.
If the modalform was closed by pressing tl@K button, thenwhen it is re-
pened, the coordinates for the new label should increa26. by

7. Thefixed-sizemainform containsthe Tossa coin button and labels s
playing statisticswith the textTotal number of tosses =0 and Percentage of
heads= 0. When you click théelossa coin button, a modaform appears with
atext boxfor input the number of tosses and &, Apply, and Cancel but-
tons.The OK andApply buttonsare available if théext boxcontains an integer
in the range frond to 10000. The initial value of thisnput boxis 10; only digits
can benputin this box. When you press th®K or Apply buttons the required
number ofcoin tossess simulated andtaistics labels are updated the main
form; in case of pressing thH@K button, the modaform will close. When you
click the Cancel button the modalform closes without performing any aed
tional action. Use thRandonelass to simulata coin toss.

8. Thefixed-sizemainform contains three labels. When you click on one of
the labels, a moddbrm appears with @ext boxand buttonOK, Apply, and
Cancel Thetext boxcontairs thetext of the label being clicked; thiext can be
changed When you clickOK or Apply, thetext of the correspondindabel in
the mainform is updated; in case of pressing @K button, the modaform
will close. When you clickhe Cancel button the modalform closes without
performing any additional action.

9. Thefixed-sizemain form contains thre¢éext boxes and a label (not a bu
ton!) with the textChange edit mode At thelaunchingof the program, the first
text boxhas focus, and atext boxesare editable. When you click on the label,
amodal form appears with théabel Are you sure? and buttonsYes and No.
Clicking the Yes button changes the edit mode for tegt boxthat has focus
(editablemode is switched toeadonly mode and vice versa). Pressing he
button does not change the edit mokleany casethe modaform will close.
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You should implement the mod&drm yourself without using thdlessageBox
class.

10. Thefixed-size main form contains theChange Background button.
When youclick this button, a moddbrm appears with threeext boxedor input
the intengies of the red, greerand blue colorcomponentsin addition, the
modalform containsbuttonsOK, Apply, and Cancel When youclick the OK
or Apply buttons the background coloof the main formchanges; in case of
clicking the OK button, the modaflorm will close. When you clickhe Cancel
button the modalform closes without performing any additional action. If at
least one of théext boxescontains text other than a number from the rarige 0
255, then th®©K andApply buttons should banavailable Use theColorstruc-
ture and it=romRGBethod.

11. Theresizablemainform containsthe Change alignmentbutton. When
you click on this button, a mod&drm appears with two dredown lists labeled
Horizontal alignment andVertical alignment. Each list cordins three options:
Align Left, Align Center, Align Right for the Horizontal alignment list and
Align Top, Align Middle, Align Bottom for the Vertical alignment list. In ad-
dition, the modalform contains button®K, Apply, and Cancel When you
click the OK or Apply buttons, the maiform changes its positioan the screen
in accordance with the values of the ddmpvn lists; in case aglicking the OK
button, the moddiorm will close. When you clickhe Cancelbutton the modal
form closes without performg any additional action. When aligning, take into
account the currergize of the mainform. Use thePrimaryScreen.WorkingArea
propertyof the Screerclass Working with dropdown lists is described in the
LISTBOXES project (Section 19.1).

25.4. SYNC project: control synchronization

General guidelines In all projects it is required to configurall controk of
the same typ®éy specifyingoneeventhandler for each group @bntrok of the
same typelf statements (such as(n == 1)f (n == 2)if (n == 3)...) or switch
statementshould not be used in handlers. It is allowed to usd #gproperties
of thecontrok, as well as th€ontrolproperty of the form, which allows you to
referto acontrol by its name. See the CALC projecd€dction 6.) for infor-
mation onsharingeventhandlers.

Working withtext boxess described in the CALC project (Section 6.5) and
TEXTBOXES project (Section 8.1). Working wittheckboxess described in
the CHECKBOXES project (Chapter 20). Working withdio buttonsis de-
scibed in the TEXTBOXES project (Section 8.2). Working witilolbar and
shortcut buttonss described in the TEXTEDIT4 project (Chapter 15). Working
with track barsis described in the COLORS project (Section 18.1). Working
with NumericUpDowaontrok is degribed in the TEXTEDIT6 project ($e
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tion 17.3). Working withprogress barss described in the TRIGFUNC project
(Section 23.4).

1. The mairform contains sixext boxes with the textl i 6 and theShow
button. When the&how button isclicked, a second (hemodal) form appears
containing six checkboxgshe CheckBogontrok). The checkboxesre labeled
17 6; initially none of thems checked When youcheckany checkbox, the text
of the correspondingext boxis highlighted in bold; when you uncheck the
checkbox, the boldighlighting of the correspondintext boxis canceled. When
changing the text of antext box the label of the corresponding checkbox
shouldchangeaccordingly

2. The mairform contains sixext boxes with the textl i 6 and theShow
button; the text of the firstext boxmust be in bold. When th&how button is
clicked a second (nemodal) form appears, containing six radio buttortise(
RadioButtooontrok). Radio buttons are labelddi 6; the radio button coer
sponding to the boltext boxmust be selected. When you select another radio
button, the boldighlighting is transferredo the text of the correspondirtgxt
box. When changing the text of atgxt box thelabel of the correspondingar
dio buttonshouldchange accordingly

3. The mainform containsthe Show button andthe toolbar (theToolStrip
control) with 6 shortcutbuttons (theloolStripButt@ontrok). The shortcutbut-
tons on thdoolbarhave titlesl i 6; initially, none of theshortcutbuttons isin
the pressedstate When theShow button isclicked, a second (nemodal)form
appears containing 6 checkbox#ése(CheckBokontrok). Thecheckboxesare
labeled1 i 6. When checking/unchecking any checkbox, the corresponding
shortcut button o the toolbar is automaticallpressed/releasedvhen the
shortcutbutton is pressed/released on the toolbar, the corresponding checkbox is
automaticallycheckedunchecked.

4. The mairform contains e&show button andhe toolbar (th& oolStripon-
trol) with 6 shortcutbuttons (theTooGtripButtonontrok). The shortcutbuttons
on thetoolbarhave titlesl i 6, one of theshortcutbuttons isn the pressed state
(initially it is theshortcutbutton1). When theShow button isclicked, a second
(nonrmodal) form appears containing 6 radmuttons the RadioButtortontrok).
Radio buttons are labeledi 6; the radio button corresponding to the pressed
shortcut button in the maiform should beselected. When another radio button
is selected, the corresponding shortcut button is automgtmassed (and the
previously pressed button is releasesdhen the shortcut button is pressed, the
corresponding radio button is automatically sele¢tedl the previously pressed
shortcutbutton is released)

5. The mairform containsthe Show buttonand six red labels with the text
Color. When theShow button isclicked a second (nemodal) form appears
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containing six panelfthe Panelcontrok); each panel contairthree radio bti
tons. Radio buttons have labdked, Green, Blue (theselabels can be ade
common for all panels by placirigree additionalLabetontrokto the left of the
first panel) Initially, the Red radio button is selected in each panel. When you
switch radio buttons, the text color of the corresponding labé¢he main form

is carected. When you click on any labdl the mainform, its color changes
cyclically (from red to green, from green to blue, from blue to eeulthe cao-
responding radio buttois automatically selected on tleerrespondingpanel of
the secondiorm.

6. Themainform containsthe Show buttonandsevenNumericUpDowaon-
trols with the text0. When theShow button isclicked a second (nemodal)
form with seventrack bargthe TrackBacontrok) appears. When you move the
slider of some track barthe numbern the correspondingext boxshould aub-
matically change. Specifying a different number intdyd boxshould automa
ically change theslider position of the correspondingack bar The rangeof
values or track bars andext boxesis from 0 to 100.Thetrack bar should only
be synchronized with the text box if the correct number (0 to 100) is entered in
the text box.

7. The mainform contains seven progrebars(the ProgressBarontrok),
the Default button and the Show button. When theShow button isclicked
asecond (nommodal)form with seventrack barqthe TrackBatontrok) appears.
As you change theslider position of some track bathe content of the cas¥
spondingprogresshar should automatically chan¢iherange ofvalues for track
bars andorogress bars from 0 to 100. When you click on one of th@ogress
bars, the correspondingrack bar is toggledbetweenavailableand unavailable
state When youclick the Default button, allprogress barandtrack bargeturn
to theirinitial (zero)position; the accessibility of theack bas does not change.

8. The mainform containsthe Show buttonandseventext boxes with the
texttextli text7. When theShowbutton isclicked, a second (nemodal)form
appears with sevemmack bars(the TracBarcontrok) and labels containing the
same text as thext boxes in the mairform. When youchangethe slider pos-
tion of some track bathe width of the correspondingxt boxin the mainform
should automatically changé@he range ofvalues for trackbars isfrom 0
to 100. When changing the text sobmetext box the text of the corresponding
label in the seconfibrm should automatically change.

9. The mainform containsthe Show button seventrack bargthe TrackBar
controk), andseven labelsvith the textiabelli label7. Therange ofvalues for
track bars isfrom 10 to 30, the initial value is 10 When theShow button is
clicked a second (nomodal)form appears with sevetext boxes. The content
of the text boxes must be synchronized with tbext of the labels of the main
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form. When youchangethe slider position of some track bathe font size for
the corresponding text boshanges according to the position of gider (in the

range from 10 to 30 When you change the textsone text box the text in the
corresponding label should charageordingly

10. The mairform containsthe Show buttonandseventext boyes with the
texttextli text7. When theShowbutton isclicked, a second (nomodal)form
appears with sevetext boyes that musbe synchronized with the corresponding
text boxesof the mainform. Synchronization must be performed whenever the
text in anytext boxchanges. The secomarm also containshe Stop Synchio-
nization button.When theStop Synchronizationbutton isclicked, synchroin
zation stops and the button name is changed®dsume Synchronization
Clicking the button again resumes synchronizatiwrde,and the text specified
in thetext boxes of themainformis used for synchronization. When you close
and reopen thesecondform, the state of th&top/Resume Synchronization
button does not change.

11. The mairform containsthe Show buttonandseventext boyes with the
texttextl i text7. When theShowbutton isclicked, a second (nemodal)form
appears with seven lals the text of label coincides with thetext of the corre-
spondingtext box When you click on any label, tHeckgroundcolor of the
correspondingext boxtoggles betweemhite andgray. When you change the
text inthetext boxwith a white backgroundhe text of thecorresponding label
is changed accordinglyvhen you change the text the text boxwith a gray
background, the label does not change. However, when you change khe bac
groundcolor of sometext boxfrom gray to white, theéext of the text box and
thetextof the corresponding labshould bammediately synchronized.

12. The mairform containsthe Show buttonandseven texboxeswith the
texttextli text7. When theShowbutton isclicked, a second (nemodal)form
appears with sevetrack bars (the TrackBarcontrok), slider position of each
track bar coinsides with thiength of the text in the corresponditext box
When editing texin some text boxthe slider position of thecorresponding
track baris automatically changeavhen theslider position ofsome track bais
changed, the text in thmorrespondindext boxis shortened or lengthened (text
lengthening is performed by addingcharacters Track barscan take values
from O to 25; text longer than 25 characters cannatyng into thetext box

25.5. DRAGDROP project: drag-and-drop mode

General guidelines In all projects the form must have a fixed size. Drag
anddrop modehas been discussed in detail in the ZOO prq@biapter 10)in
addition, it was used in the LISTBOXHESection 19.4)and HTOWERY Sec-
tion 24.3)projects. Working with menus was considered in the TEXTEDIT1
and TEXTEDIT2 projectg§Sections 12.1, 13i13.3)
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1. The form containghree multiline text boxes. Implement the ability to
dragand droptext files fromExplorer onto one of the text bo)ee as a result of
a such action, theontents of th text file is added to the existing teftthis text
box. Only files with the.txt extension should be processed. In additiomle-
ment theability to dragand dropthe norempty content of ontext boxonto an-
other (while holding down the Ctrl keyas a result of a such action, tentents
of the source text box is added to gevious contestof the targettext box
The form menu contains on€ommand submenu with theClear and Exit
menu itemsTheClear command removes text from ttext boxthat has focus.

2. The form containshree multiline text boes and three labels (each label
is placed above the corresponding text box). Initidhe, labels contain the text
<No file>. Implement the ability to dragnd droptext filesfrom Explorer onto
one of thelabelsand automatically load the contents of these files into phe a
propriatetext box.Only files with the.txt extension should be processed; the
full file name mustbe displayed in the corresponding label. You oaly drag
and dropa file onto the label with the tex¢tNo file>. Theform menu contains
oneCommand submenu with th&ave Clear, andExit menu itemsThe Save
and Clear commandsaffect the focus text bgxhe Savecommand saves the
new contents of thext boxin the same file, th€lear command clears thext
box alongwith the associated label (the label displays the<bit file> again.

3. The form containdour i u s Uaddlsavith the letters of nientidesA,
C, T, G and threefiwideo labelsthat have a frame and contain gene sequences
(in the beginning, wide labels are empty). The width of wide labels doe€not d
pend on the size of the text and is determined by the width dbthe Imple-
mentthe aility to drag and drop aucleotideletter from a usuallabel orio
awide label; the nucleotides are added to the end ofetkteof the wide label.
Also, implementhe ability to drag and drop the conteafsone wide labebnto
another this actionaddsall text of the source label to the end of tlaegetlabel
text. The form menu contains on€ommand submenu with theClear 1,
Clear 2, Clear 3, andExit menu itemsTheClear commands clear the wide-
belwith the specified numbeAll Clear commands musise one common ha
dler.

4. The form containsix labels withthe textlabell 1 label6 and sixtext
boxes with the texttextBox1 i textBox6. Whenyou drag and drop text box
onto a label While holding down the Ctrl kgy the £xt and font of the label
changes to th&ext and fonbf thetext box(the position of théext boxdoes not
change). You cadragand dropthe text boxonto the label several times. The
form menu contains on€ommand submenu with théBold, Italic, and Exit
menu items The Bold andltalic menu itemsact ascheckboxedo set or unset
the bold and italic font mode for thext boxthat has focus.
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5. The form containssix buttons with titlesbuttonl i button6 and six
enpty list boxes(the ListBoxcontrok). When you dragand dropa buton onto
the listbox, the title of this button issertedto the specified positioof the list
(the position of the button does not change). Youdragand dropa buttonon-
to the list several times. THerm menu contains on€ommand submenu with
the Clear and Exit menu items The Clear command clears the contents of the
list with focus;if a buttonhas focus, the command performs no actibm de-
termine the number of an item in the list by the position of the mowser use
thelndexFromPomethal (see Sectioth9.4).

6. The form containsix radio buttons with titlescolorl i color6 (titles
have different colors) and six rectangles with a white backgroundRasel
controk as rectangles). When you diagd dropa radio button onto a rectangle,
the background color of the rectangle changes to match the color of the title of
the radio button being dragged (the position of the radio button does not
change). Théorm menu contains on€éommand submenu withColor andExit
menu items The Color commandshowsthe ColorDialodialog boxto change
the color of the title of theelectedradio button.Working with theColorDialog
control is described in Section 13.3.

7. The form containg panel (thd?anekontrol) and two buttonsvith titles
New and Trash. Pressing theNew buttoncreatesa new labelocatedin a ran-
dom place on the panghe label text i random capital Latin letter. Implement
the ability to dragand dropthe appeared labetsito newlocationon the panel.
Dragging aabel onto theTrash button removes th&abel When you dragind
drop one label onto another, the sourdabel is removed and the text of the
sourcelabelis addedto the text of the targéabel Theform menu contains one
Command submenu with th€lear andExit menu itemsThe Clear command
removes alllabels All labelsare alsoremovedby clicking the Trash button.
See the HTOWERS proje¢Bection 24.1¥or information oncreatingcontrok
at runtime

8. The form containgour panelgPanekontrok) and a group of four radli
buttonswith titles 1 7 4 for selecting the current pandlhere are three labels
with textlabelli label3 on eachpanelin random places. Implement the ability
to dragand droplabels from thecurrent panel to any other (in addition, for the
current pael, you can dragnd dropabels within this panel). Labels located on
other panels cannot be dragged. Ttven menu contains on€ommand sub-
menu with theColor and Exit menu items The Color commandshowsthe
ColorDialodialog boxto change the color ddll labels in thecurrentpanel. See
the HTOWERS projedtSection 24.3jor information ondragging and dropping
controk between groupgontrok. Working with the ColorDialogontrol is cb-
scribed in Section 13.3.
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9. Implementan applicatiorto test dragand-drop modeThe form contains
four multi-line text boyes, a label with the textabel, and a label with the text
String. Any of the labels, as well as any objects from other programs, inyartic
lar from Explorer, can be draggednd droppednto any emptytext box As
aresult, detailed information about theadrobject is displayed in thext box
(including the available formats, which can be determined usinG&tEormats
method). When you drade Label label the drag object is the label itseMfhen
you dragthe String label the drag object is the string with its name (that is, the
stringobject). Theform menu containe@ne Command submenu with th€lear
andExit menu itemsTheClear command clears thext boxthat has focus.

10. The form contains list box for addng file hames by dragging and
dropping them fronkexplorer (the full file name is added to tlendof the list).
The formalsocontainsthe Trash label. When dragging the list onto tiieash
label (while holding down the Ctrl key), therrcentlist itemis deletedand the
next list item (or the previous one if thesst list item was deleted) becomtse
current one;he position of the lishox does not changéf the listboxis empty,
then draggingt is not allowed that is, the draggg cursor has a prohibwin
sign). Theform menu containeneCommand submenu with th€lear andEx-
it menu items The Clear command clears the liftox. See theLISTBOXES
project(Section 19.4jor information on dragging and dropping list items

25.6. TIMER project: timer-controlled programs

General guidelines In all projects, the form must be resizabjewhen
changing the form sizehe size and position of tiferm controk must be @
justed accordinglyusing theAnchowor Dockproperties) Working with a time
was discussenh the CLOCK projec{Chapter 7)

1. The form containg combo box with a list of comments (t®»mboBox
control with DropDownStyte DropDown; initially, it contains onlyone list
item i 0 ,)an emptylist box with the Resultslabel, astopvatch labelwith the
text 0:0, and abutton with the titleStart used to start the stopwatch (when the
stopwatch starts, the butttitte changes t&top).

The stopwatcldisplays seconds and tenths of a secWviden you stop the
stopwatchjts text alongwith the current commeritom thecombo boxis a-
pendedo the end of th&®esultslist and the stopwatdabelis set t00:0. To add
a new commen the list of commenigustinputit in thetext field of the con-
bo boxand press Enter. THerm menu cotainsone Command submenu with
the Clear andExit menuitems. TheClear command clears thiResultslist.

2. The form contains labelwith the lowercasé.atin lettera and tworead
only text boxes with thelabelsTime andPoints scored In the upper partfdhe
form there is a toolbar with foshortcutbuttonsStart, 10sec 30 ¢ 60 =G
the last threeshortcutbuttonsform a group that necessarily contaorge button
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in the pressed staf@itially, it is the button with the titld0 =0. In addition,
the form contains list box with the Top Scoreslabel this list box displayshe
top 10scoresfor the selected timenode (the time mode is determined by the
shortcutbuttons10sec 30 e 60 %0). List of topscoress sorted indexending
order.

When you press th8tart button, the countdown begims the Time text
box (in tenths of a second), thoints scoredtext boxis reset to zero, and the
Latin letter in thelabelchanges. It is required to press the key with the specified
Latin letter. Wherthe key is pressed correctly, the counter inRbants scored
text boxincreases by 1 and the letter in the label changes again. If the key is
pressed incorrectly, thieoints scoredcounterdecreases by 1. The duration of
one training session (in seconds)determined by theelected time mode, that
IS, by theshortcutbutton in the pressed state

After the completion of the training session, Trap Scoreslist is corret-
ed, if necessary; if theew scoras addednto the list, then this is reported ithe
auxiliary dialog box(use the MessageBox.Shawnction). The lists ofop scores
for each mode are stored in the filesored0.dat, scores0.dat, score$0.dat
and are read from them when changing the mode and when starting the program.

3. The form comainsa label and twaeadonly text boxes with the labels
Time and Points scored In the upper part of thiorm there is a toolbar with
five shortcutbuttons: Start, i+o, fii 0, ii*0, YO the last fourshortcutbuttons
form a group that necessarily contagmebuttonin the pressed stafmitially, it
is the button with the titlé+0). In addition,the form containg panel with five
radiobuttonswith empty labelsanda list box with the Top Scores label this list
box displaysthe top 10scoresfor the ®lectedmath operatiormode (the math
operation mode is determined by the shorbmttonsii+o, fii O, fi* 0, iV0). List of
top scoress sorted indexending order.

When you press th8tart button, the countdown begims the Time text
box (in tenths of a s®nd), thePoints scored text boxis resetto zerq and
anumerical expression with the selectadthoperation appears in the label (for
example34 + 78 3. The group of radio buttons displays 5 answer options. You
need to click on the radio button wittie correct option. If the answer is correct,
the counter in th@oints scoredtext boxis increased by;lif the answer isn-
correct, it is decreased by 1. In any case, a new expression appears in the label.
The duration of one training session is 30 selso

After the completion of the training sessidine Top Scores list is corret-
ed, if necessary; if theew scoras addednto the list, then this is reported in the
auxiliary dialog box(use the MessageBox.Shdéwnction). The lists of theop
scoredor each mode are stored in the fibedd.dat, sub.dat, mult.dat, div.dat
and are read from them when changing the mode and when starting the program.

For the i+0 and il 0 modes, the expressions must use numbers from 1
to 100, for thefi* 0 mode the expressia must use numbefsom 1 to 10, for
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the V0 mode, the first operand must be tdigit number the second onrdigit
number and the result must be an integer

4. The form containg label with text displaying the current system time of
the computer in theh:mm format and threeheckboxesssociated with a sap
rate alarm clock. The texiearthe checkbox indicates the alarm time and is also
in thehh: mm format. Alarm clock is activated at the specified alarm time if the
corresponding checkbox is checkedlithis casethe checkbox changes state to
Indeterminate andthe sound signalfrom the .wav sound file)is played for
10seconds If the sound file is less than 10 seconds long, the file is played in
aloop (use theSystem.Media.SoundPlelgess to playwav file).

To turn off the signal earlyust uncheck the corresponding checkbaiter
10 seconds of sound signal playbattie checkbox isautomaticallyunchecked
When you check anyncheckedcheckbox, a dialog box with two drajpwn
lists is displayed in which you can set a new alarm time (hours and minutes);
the default alarm time is the time previously associated with that alarm.

When the program finishes, it saves ealdrm time andts current staten
thealarm.dat text file. The saved data igstored when the program is started.

5. The form contains readonly text boxwith the text0:0 and thelabel
Time, an emptyist box with the labelResults anda panel that contains 6 small
square labels numberdd 6. Theform menu containghe Command submenu
with the Start andExit menu items

When theStart command isexecutedall thepanel labelshange theito-
cationon the panetandomlyand are filled witha red backgroupd colgrandthe
time count begins in th@ime text box(in tenths of a s@nd) You need to
quickly click on all thepanel labeldn the ascendingorder of their numbers
Clicking on the correct label makes its background green. As soon daladll$
areclicked thetime count stops. If th@ime text boxcontains a value leghan
10:0 (that is,less than 10exond$, then the messadmx with the textyou win!
is displayed and th time valueis added to the top of theesultslist box. Gh-
erwise, the messag@x You lostis displayed.

The Start menu itemshould be availablenly when the game is stopped.
The list of results must be storedthme results.dat file and read from this file
each time the programs started When changing the position of labels on the
panel, it is necessary that labdts notinterseci(see Commer? in Section 4.3)

6. The form containg panelandtwo readonly text boxes with the labels
Time andPoints scored In addition,the form contains list box with the label
Top 5 scores Initially, the Time text boxcontains the numbe80; the Points
soored text box contains the numb@rThe form menu contains on€éommand
submenu with th&tart andExit menu items

When theStart command is executed, the countdown begins inTihee
text box(from 30 to Q in seconds) and smalllabel with thenumber50 appears
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on the panel in a random place (the ladieéis 101 10 pixels). The number on
the label decreases byetery tenth of a secondVhen you click on the label,
the number in th€oints scoredtext boxincreases by theumberon the label
(or deceases if thexumber on the labas negative) and the label is displayed
elsewhere on the panel (again with theanber50). When you click outside the
label, the numbelO is subtracted from th€oints scoredvalue After 30 -
conds, the game ends. If tReints scoredtext boxcontains a positive number,
then the messadsox with the textYou win! is displayed, otherwise the sie
sageYou lostis displayed; the list of thep scoress adjusted if necessary.

The Start menu itemshould be available only whahe game is stopped.
Thetop score list must be stored tine score.dattext file and read from ftis file
each time the program started

7. The form containg panel, a button with the tittart, threereadonly
text boyes with the labelsAccuracy, Time, andResult (initially, thetext boxes
contain zeros)and alist box with thelabel5 bestresults.

When you click on th&tart button, its title changes ®top, thetime count
begins in thelime text box(in tenths of a secondand in one of the arners of
the panela squardramed labelwithout a extis displayed (the panel corner is
selected randomly). It is requireddeoagthis labelwith the mouse exactly to the
center of the panel and press 8tep button (wherdragging thelabel must fd-
low the mouseurso). After that, theAccuracy text boxdisplays two numbers:
the horizontal and verticatleviatiors from the correct positioiin pixels) and
the Result text boxdisplays a number calculated as follows: 1 is added to the
time obtainedin seconds, with one fractional dig@éhd this number is muHt
plied by the sum of the absolute values of the deviati®as.the MOUSE pr
ject (Section 9.1) for informatioon draggingwvith the mouse

If the number in thd&kesult text boxis less tharb0, then the messadgaox
with the textYou win! is displayed, otherwise the messageu lost is dis-
played;the list of thebestresultsis adjusted if necessaryhelist of the beste-
sultsmust be stored itheresults.dat textfile and read from tis file ead time
the program istarted

8. The form containswo readonly text boxes with the labelsMissiles and
Time to explosion a paneland a singleharacter label depicting an airplane
(the Wingdings font, symbolQ) located in the left top corner of thamgel. The
mouse cursor on the panel looks like a crddse form menu containghe
Command submenu with th&tart andExit menu items

When theStart command is executed, th@plands labelbegins a straight
line movement on the panel (the incrementtheleftandTopproperties should
be in the rangeiB; they are determined randomly before startinggémaeand
are performed every tenth of a second) nednumbe#d appearsn the Missiles
text box Clicking on the paneiarks the point ofaunching amissile which
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will explodeafter2 s2condg(in the Time to explosiontext box the countdown
beginsfrom 2.0 to 0.0, in tenths of a second); the missile launch point on the
screen should be marked with a-+@alored label of the sizel22 pixels At the
moment of the explosion, ttsize of the red-colored labeincreases t@01 30
pixels (the destructioarea).

If, at the moment of the explosiotine airplane is in thedestructionarea,
then the messadwx appearwwith the textThe airplane is shot down and the
game ends. Otherwise, nothing happens. You cannot launch a new nessile b
fore the explosion of a previously launched one. If all the mishide® been
usedwithout resultsor theairplanehasreachd the border of the panel, the se
sageYou lost is displayedUse thelntersectsWithethod to verify that the @i
plane is in thelestructiorarea (see Comment 2 in Section 4.3).

The Start menu itemshould be available only when the game is stopped.

25.7. REGISTRY project: dialog boxes and working
with the Windows registry

General guidelines Working with theWindowsregistry is described in the
IMGVIEW project(Sections 21.6521.6) Working with theOpenFileDialaolgalog
box is described in the TEXTEDIT1 projg@&ection 12.3)To organize dialogs
related tochoosing a font and color, you should use #entDialogand
ColorDialogontrok; an example of working with thesmntrok is given in the
TEXTEDIT2 project(Sections 13.1313.4). Working with theSplitContaineon-
trol is describedin the IMGVIEW projed (Sectiors 21.121.2). Working with
selections in the text boxes thscussedin the TEXTBOXES project (Sec-
tion 8.1).

1. The form containshe SplitContaineontrol with a vertical splitter orie-
tation. The left and right panels of tBplitContaineortrol contain one label and
one multiline text box Initially, focus is on the leftext box pressing the Tab
key toggles focudbetween thelextBoxontros. When thdorm is resizedthe
panels of theSplitContaineontrol are sized proportionall{you cannot change
the width of the panels by dragging thpglitter, both panels always have the
same width)Theform menu containsneFile submenu with th®pen.., Save
Compare, andExit menu items

TheOpen...command displays th@penFileDialagalog bo, which allows
you to open existing text files, as well as create new ones (if the required file is
missing, it is created automaticallyyWhen the required file ispen its text is
loaded into the activéext boxand the full file name is displayed iheg label
above thigext box

The Compare command is available only if bothextBoxontrok contain
loaded data; it compares the contents of the left and teghtboxes and pois
tions the cursor before the first differing character inléfietext box (pressing
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Tab should set the cursor before the first differing character imighe text
box).

If the text of thetext boxis changed by the user, the symiyad is indicated
in the label before the file name. TBavecommand saves the contents of the
adive text boxin the file with the same namafter thatthe symbolfi* 0 disap-
peasin the label

At the end of the program, the file names are saved ilMihdowsregis-
try; the next time the program is startéloey are read from the registry; the size
and position of thdorm and the position of the cursor in eatdxt box should
alsoberestored. When you try to close the program without saving the changed
contents of the files, a standard dialog box appears asking if you want to save
the changed filethe options ar&'es, No, Cancel If there are two unsavdiles,
two dialog boxes are displaysgquentially(unless you selecte@ancelin the
first dialog box).

2. The form containg multtline text box(the size of the text box aub-
matically resizedvhen theform is resize(l, a dropdown list ofoptions ofnum-
ber system conversiod0 => 2 (this option is selected by defayltl0 => 16,
2=>10, 16 => 10, 16 => 2, 2 => 16, and theConvert button. After the first
launch of the progranat the beginnig of its work, thetext boxis not available
for editing. The form menu contains onEile submenu with th®©pen.., Save
andExit menu items

The Open...command displays th®@penFileDialagalog box which allows
you to open existing text filed\s a result, the text of this file is loaded into the
text boxandthe name of the loaded file is displayed in fibren title bar.

The Convert button converts the number selected by the user irtettie
box from one number system to another (the selected numlbeplaced by the
convertednumber the convertecnumber remains selected). If nothing is selec
ed or the selection contains invalid data, then nothing happens.

If the text of the loaded file has been changed, the syfiilaas displayed
in theform title barafter the file name. Thavecommand saves the contents of
thetext boxin the file with the same namafter thatthe symboF* 0 disappeas
in theform title bar

At the end of the progranthe name of the currently open file is saved in
the Windows registry, the next time the program is startédis read from the
registry; the last conversiaption, the size and position of tierm, and the p-
sition of the cursor in th&ext boxare also restoredVhen you try to close the
program without savinthe changedile contents, a standard dialog box appears
asking if you want to save the changed, fitee options ar&es, No, Cancel

3. The form containsa list box with the Playlist label, the buttons
Play/Stop, Up and Down, and the NumericUpDoweontol with the Duration
(sec)label The listboxis automatically resized when th@m is resized. If the
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list box is empty, the buttons are inactivEhe form menu contains on€om-
mand submenuwvith the Add file, Add folder, Clear, andExit menu items.

The Add file and Add folder commandsshow the OpenFileDialafjalog
box, which allows you to open existingav-files; the Add file command adds
the selected file to the list, thedd folder command addall wav-files from the
folderto the list(files are adde to the end of the list). The last item added to the
list becomes the current item. After adding at least one item to the list, the
Play/Stop button becomes available; if the list contains more than one item, the
Up andDown buttons become available.

Clicking the Play/Stop button starts playback of the current file from the
list or stops playback of a file. Thauration (sec)counter allows you to specify
the playback time of each file (in seconds); the default timi® s&econdg(if the
file duration is &ss than the specified time, the file is played cyclically). Upe
and Down buttons allow you to move the current item in the list up or down.
When the playing time ends, the file located in the list after the current one starts
playing automatically (tlsi item of the list becomes the current one). Files are
played cyclically. During playback, tHastBoxcontrol the NumericUpDowan-
trol, and theUp and Down buttons are disabledJse theSystem.Media.Sound
Playerclass to playwav-files; working with list box itemsis described in the
LISTBOXES project(Sections 19.219.3)

At the end of the progranthe playlist, the position of the currdigt item,
the playback time, the size and position of filen are saved in th&/indows
registry.The next time th program is started should restore the saved state.

4. The form containshe NumericUpDowaontrol with the Symbol codela-
bel and a panglthe GroupBoxgontrol) with a label containing one character of
48 pointssize (the code of this symbol is spéed in the NumericUpDownn-
trol). Initially, the program is configured for thWingdings font; the name of
the font is specified in the title of ti&roupBogontrol Theform menu contains
oneCommand submenu with th&ont... andExit menu items

TheFont... commandshowsthe FontDialodialog box, which allows you to
change the name and style of the font, but not its Size font size shoulthe
changedautomatically when thérm is resized; the initiaform size cannot be
reducedWhen value othe NumericUpDovaontrol changed, the corresponding
symbol for the selected fonis displayed in the panelhe displayed symbol
must be centered vertically and horizontally relative to the border of the
GroupBoxontrol to do this, sethe appropriate value® the label properties
AutoSizeDock TextAlign

At the end of the progranthe value of theNumericUpDowontrol the
name and stylef the current font, as well as the size and position ofdia
are saved in th&Vindows registry. The next time theprogram is startedit
should restore the saved state.
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5. The form containghe NumericUpDovaontrol with the KnownColor
number label and a pandthe GroupBogontrol). When theform is resized, the
panel sizechangesproportionally. When younput the number of one of the
standarchamedcolorsfrom the KnownCol@numeration into thBlumericUpDown
control theGroupBoganel is filled with this color and the name of this color is
displayed in theitle of this panel. The range of valid values for tihanericUp
Downcontrol must match the range of all standaamedcolors of theKnown
Colorenumerationfrom AliceBlue to YellowGreen. The form menu contains
oneCommand submenu witlthe Color... andExit menu items

The Color... commandshowsthe ColorDiagdialog box, which allows you
to select a color for the background of tBeupBopanel. If the selected color
is one of the standarcdhamed colors, then its number appears in the
NumericUpDowantrol if the selected color is not a standaainedcolor, then
an error message is displayed in the standaessage boand thepanelbadk-
ground does not changélorking with colors is described in the COLORS and
LISTBOXES projectgChapter 18 and Section 19.1)

At the end of the progranthe value of theNumecUpDowoontroland the
size and position of thiarm are saved in th&/indowsregistry. The next time
the program is started should restore the saved state.

6. The form containgn empty multline text box(the TextBoxontrol) un-
available for eding, with a gray backgroundhe Open button and 3track bars
(the TrackBatontrok). Eachtrack barcan take 10 valuesrom 0 to 9. Therack
barsare oriented vertically and are located in-ledindside of theform. A label
is displayed above eattack barthat contains the current value of titrack bar
(a number fronD to 9). The Open button is located under theack bars the
multi-line textbox occupies the rest (riglitand part of theform along its entire
height.

When theform is resized, e width and height of the muline textbox, as
well as the height of thieack barsmust change; the minimum allowable size of
theform must be adjusted so that they provide the display of albitgrok.

When you set the correct thrd@it lock cale with thetrack barsand then
click the Open button (or press Enter), the content of tigebook.txt file (if
this file exists) is loaded into thEextBoxontrol the background of th€extBox
control turns white the text box becomes ealile and thebutton title changes
to Close(if the code issetincorrectly, the appearance of thextBoxontroland
the button does not change).

The correctock code is stored in th&/indowsregistry; if there is nahe
corresponding subkean the registry, then #hcode i900 When theext box is
editable you can set nevock code using thé&ack bars

When you click theClosebutton, the text is saved the notebook.txt file,
the code isavedn theWindowsregistry, thetext boxis cleared, its background
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is grayed out, the button title is changedQpen, and thevalues of track bars
are changed randomly.

At the end of the progranhe size and position of tHerm are additionally
saved in théVindows registry and are restored the next time the program is
started

7. The form containshe SplitContaineontrolwith a vertical splitter orie-
tation. Thelist box is located on the left pahef the SplitContaineontrol
amulti-line text boxis located on theight pané. The listbox and text box are
automaically resized when théorm is resizegd when theform width changes,
the width of theaextbox changesThe splitter between the left and right pdrad
the SplitContaineontrolcan be draged The Tab key allows you toggle focus
betweenthe listbox and thetext box The form menu contains onEile sub-
menu with theOpen.., Close andExit menu items

The Open...command displays th@penFileDialaljplog boxwhich allows
you to open existing text files, as well as create new ones (if the reqiered f
missing, it is created automaticallyyhen the required file ispen its full name
is added to the end of thist box (and beconesthe selectedist item) and its
text isloaded into theéextbox. In the future, to load this file into thext bo, it
is enough taselect its name in the libbx. If, when executing th®pen...com-
mand,the nameof the file isalreadyincludedin the listbox, then this name in
the list is madeselected When a list item loses selection, its associated text is
autanatically saved in the appropriate file.

The Closecommand removes the name of Hatectedile from the list of
files; thisactionalso automatically saves the textthe file. When a list item is
deleted, the next item is selectéfdthe next items absent, the previous item is
selectedIf the list box is empty, then th&ext box is not editableand theClose
menu item isunavailable.Working with list box itemsis described in the
LISTBOXESproject(Sections 19.219.3)

At the end of the progranthe file list is saved in théVindows registry.
Theindexof theselectedist item, the position of the cursor in thext box the
size and position of théorm, the position of thesplitter between the left and
right panels aralsosavedin the registry.The next time the program is started
it should restore the saved state.

25.8. MDIFORMS project: MDI applications

Working with MDI applications is described in the JPEGVIEW project
(Chapter 22)

1. The MDI mainform initially contains one special child form Wwithe t-
tle Clipboard, which is entirely occupied by thrulti-line TextBoxontrol This
child form acts as the applicati@ownclipboard The MDI applicationmenu
includes thresubmenusFile (the Open andExit menu item§ Clipboard (the
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Cut, Copy, Pastemenu item¥ andWindow (the HTile, VTile, Cascade Ar-
range Iconsmenu itemsas well as a list of child forms). The commands of the
Window submenuprovide standard MDI application actions related to the
placement of child forms and their select{sae Section 22.2)

TheOpencommand allows you to create or load a text file and display it in
a new child form with thd@extBoxontrol (in this case, th€losemenu itemap-
pears in theFile submeny this commandlosesthe active child form). In the
OpenHeDialogontrol used to select the file name, you should sefitbenask
(the Filterproperty)to display only text files (with thetixt extension). If a file
with the specified name does not exist, then it is created. The full name of the
created ordaded file is displayed in thigtle bar of the corresponding child
form; when you try to reload an existing file, a new child form is not created,;
instead, the child form that already contains the specified file becomes active.
When the child form is clesl, thecorrespondingtext file is automatically
saved.

When executing the comman@sit, Copy, Paste the TextBox control of
the Clipboard child form should be usefinstead ofthe standardVindows
clipboard: the text cut or copied from any other chiladrfoshould be placedn
the Clipboard child form (its previous contenis deleted) When thePaste
command is executed, the text from @igboard form should be inserted into
the current position of the activehild form. The contents of th€lipboard
form can be edited, however, commands related to copying, cutting and pasting
cannot be executddr it; furthermore, this child form cannot be closed.

2. The MDI mainform initially contairs nochild forms. The MDI applia-
tion menu includes twaubmenusFile (the Open and Exit menu item$ and
Group (theOpen Group menu iteny.

The Opencommand allows you to create or load a text file and display it in
a new child form withthe TextBoxontrot the Open Group command allows
you to immediately load all text & from the selected directory. In the
OpenFileDialagntrol used to select the file name, you should sefitaanask
(the Filterproperty) to display only text files (with thetxt extension). The
OpenFileDialagntrolis alsoused forgroupfile loadng; whenthe Open Group
commands executed, it is sufficient to selamteof the text files in the required
directoryto load all text files from this directoryWhen executing th©pen
command, you can specify the name of a-agistent file; in this ase, it is ce-
ated. The full name of the created or loaded file is displayed ititldar of
the corresponding child form; when you try to reload an existing file, a new
child form is not created; instead, the child form that already contains thie spec
fied file becomes active. A similar condition mustdagisfiedfor a group loal-
ing: already loaded files are not reloaded.

If there is at least one child form, tl#ose menu itemappears in th&ile
sulbmenu(this commanalosesthe active child formandthe Close Group and
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Close All menu itemsappearin the Group sulmenu(the Close Group com-
mandclosesthe active child form and all other child formsth files fromthe
same directonas the active child form filethe Close All commandclosesall
child formg. When the child form is closed, tleerrespondindext file is aub-
matically saved.

In addition, if there is at least one child form, Méndow submenuap-
pears in the application memth the HTile, VTile, Cascade Arrange lcons
menu itemsas wel aswith a list of child forms. The commands of tthéndow
submenuwprovide standard MDI application actions related to the placement of
child forms and their selectidsee Section 22.2)

3. The MDImainform initially contains no child forms. The Mpdica-
tion menu includes twaubmenusFile (the Open and Exit menu item$ and
Actions (the Shift Forward, Shift Backward, and Union menu items these
menu itemsare available only if therareat leastwo child forms).

TheOpencommand allows you to create load a text file and display it in
a new child form with &extBoxontrol In theOpenFileDialagntrolused to s-
lect the file name, you should set file mask(the Filtemproperty)to display o-
ly text files (with the.txt extension). When execang the Open command, you
can specify the name of a neristent file; in this case, it is created. The full
name of the created or loaded file is displayed irtitleebar of the correspaai
ing child form; when you try to reload an existing file, a newldcform is not
created; instead, the child form that already contains the specified file becomes
active. If there is at least one child form, thke sulmenu displays th€lose
menu item thatloses the active child form, anthe Close All menu item that
closes all child formswhen the child form is closed, tlcerrespondingext file
is automatically saved.

The Shift Forward, Shift Backward, and Union commands change the
contents of the child forms as followEhe Shift Forward commandperforms
acyclic shift forward, that is, it moves the contents of the first child form to the
second child form, the contents of the second child form to the third child
form, é , the contents of the | asdlheShfthi | d
Backward commandperfams acyclic shift backwardthat is, it moves the oe
tents of the second child form to the first child form, the contents of the third
child form to the second child for m,
last child form.The Union commandcombines the contents of all child forms
into the activechild form; thetextis added in the order of child fornumbers
starting with the activechild form (for example,when executinghe Union
command for the third of five loaded forms, the initialttekx the child forms
with the following numbers will be written in the third form: 3, 4, 5,11, 2

If there is at least one child form, thiéndow submenuappears in thepa
plication menuwith theHTile, VTile, Cascade Arrange Icons menu itemsas
well aswith a list of child forms. The commands of ttdindow submenupro-
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vide standard MDI application actions related to the placement of child forms
and their selectio(see Section 22.2)

4. The MDI mainform initially contairs no child forms. The MDlapplia-
tion menu includes twesubmenusFile (the Open and Exit menu item} and
Actions (theMove, Add, andSwapmenu itemsthesemenu itemsare available
only if there are at leastvo child forms).

TheOpencommand allows you to create or load a text file asgldy it in
a new child form with &extBoxontrol In theOpenFileDialegntrolused to s-
lect the file name, you should set file mask(the Filtemproperty)to display o-
ly text files (with the.txt extension). When executing tkidpen command, you
can specify the name of a neristent file; in this case, it is created. The full
name of the created or loaded file is displayed irtitleebar of the correspoa
ing child form; when you tryo reload an existing file, a new child form is not
created; instead, the child form that already contains the specified file becomes
active. If there is at least one child form, thiée submenu displays th€lose
menu item thatloses the active child drm, andthe Close All menu item that
closes all child forms. When the child form is closed,dbeespondingext file
is automatically saved.

The Move command changes the order of the child fobpanoving the
active form to the end of the list of childrms To implement this command, it
is enough to close thactive child form @nd saveif necessaryits contents in
the corresponding fi)eand create a new child form with the same costent

The Add andSwap commands modify the contents of the chiddnfis. The
Add command adds the contents of the fahat followsthe active form to the
contents of the active fornThe Swap command swaps the contents of tloe a
tive child form and the fornthatfollows the active form. The first child form is
assumed téollow the last child form.

If there is at least one child form, théindow submenuappears in thepa
plication menuwith theHTile, VTile, Cascade Arrange Icons menu itemsas
well aswith a list of child forms. The commands of tddndow submenupro-
vide standard MDI application actions related to the placement of child forms
and their selectio(see Section 22.2)
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