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Click the Next button, and a DRM (Digital Rights Management) page will appear and ask
you to log in with your Qt account. If you don't have one, you can also create your account
on the same page:

Once you have logged in, you will see a message that says No valid commercial license
available in your Qt Account for this host platform. Don't worry about that, just click the
Next button to proceed.
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Next, you will be asked to specify the installation path. The default path is usually just fine,
but you can change it to any other path as you please. Also, you can either leave the
Associate this common file types with Qt Creator option checked, or uncheck it manually
if otherwise.

After that, you will be presented with a series of checkboxes with which you can select the
version(s) of Qt you need to install to your computer. Typically, for new users, the default
options are sufficient. If you don't need some of the options, such as support for Qt on
Android, you can unselect them here to reduce the size of the download. You can always go
back and add or remove Qt components later if needed, using the Maintenance Tool:

Next, you will be presented with the license agreement. Check the first option, which says I
have read and agree to the terms contained in the license agreements, and click the Next
button. Make sure you do read the terms and conditions stated in the license agreement!
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Finally, the installer will ask you to enter a name to create a start menu shortcut for Qt.
Once you're done, just click Next and then click Install. The download process will take a
couple of minutes to a couple of hours, depending on your internet speed. Once all the files
have been downloaded, the installer will automatically proceed to install the files to the
installation path that you have just set in one of the previous steps.

Setting up the working environment
Since you have installed the latest version of Qt, let's fire up Qt Creator and start messing
around by creating our first project! You should be able to find Qt Creator's shortcut icon
either on your desktop or somewhere within your start menu.

Let's look at the steps to set up our environment:

When you first start Qt Creator, you should see the following interface:1.
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Before you start creating your first project, there are several settings that you2.
might want to tweak. Go to the top menu and select Tools | Options. A window
that looks something like this will pop up on the screen:

There are quite a number of different categories available on the left of the3.
window. Each category represents a set of options you can set to customize how
Qt Creator will look and operate. You may not want to touch the settings at all,
but it's good to learn about them first. One of the first settings you might want to
change is the Language option, which is available in the Environment category.
Qt Creator provides us with an option to switch between different languages.
Although it doesn't support all languages, most of the popular ones are available,
such as English, French, German, Japanese, Chinese, Russian, and so on. Once
you have selected your desired language, click Apply and restart Qt Creator. You
must restart Qt Creator in order to see the changes.
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The next setting you probably need is the setting for indentation. By default, Qt4.
uses space indentation, in which four spaces will be added to your script
whenever you press the Tab key on your keyboard. Some people, like me, prefer
tab indentation instead. You can change the indentation setting at C++ category.

Do note that if you are contributing to Qt project's source code, it's
required that you use space indentation instead of tabs, which is the
coding standard and style of the Qt project.

Under the C++ category, you can find a Copy button located beside the Edit5.
button, somewhere in the top right position. Click it and a new window will pop
up.
Insert a code style name of your own, as you can't edit the default built-in coding6.
style. After you have created your own settings, click the Edit button. You can
now see the actual Tabs And Indentation settings under the General tab:

Do note that even though there is a Tabs And Indentation setting located at7.
the Text Editor category, I believe it's an old setting that no longer has any effect
in Qt Creator. There is also a note written on the UI that says Code indentation is
configured in C++ and Qt Quick settings. A possible reason for this is that since
Qt Creator now supports both C++ project and QML projects, Qt developers
probably felt there was a need to separate the settings into two, so therefore the
old setting is no longer valid. I'm pretty sure this section on Text Editor will be
deprecated in the near future.
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After that, you will be presented with a window which lets you select a template2.
for your project or file. For this demonstration, we will pick Qt Widgets
Application:

After that, set your project name and project directory. You can also check the3.
checkbox that says Use as default project location so that you can automatically
get the same path when you create a new project in Qt next time.
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Next, Qt Creator will ask you to select one or more kits for your project. For this4.
demonstration, we'll pick Desktop Qt with the MinGW compiler. Don't worry, as
you are allowed to add or remove kits from your project later on during
development:
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After that, you will be presented with a page that says Class Information. This is5.
basically where you set the class name for your base window, but we're not going
to change anything, so just click the Next button to proceed:

Finally, it will ask you to link your project to your version control server. If you6.
have not added any to Qt before, you can click the Configure button, which will
bring you to the settings dialog that I showed you in the previous section of this
chapter.
For this demonstration, however, we'll keep the settings as <None> and press the7.
Finish button. Qt Creator will then proceed to generate the necessary files for
your project. After a second or two, Qt Creator will automatically switch to Edit
mode and you should be able to see the files it created for you under the Project
panel. You can open up any of the files by double-clicking on them in Qt Creator
and they will be shown in the editor located on the right-hand side:
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Introduction to Qt Designer
There are two types of GUI applications in Qt, namely Qt Quick Application and Qt
Widgets Application. In this book, we will cover mostly the latter, as it is the standard way
of designing a GUI for desktop applications, and Qt Quick is more widely used for mobile
and embedded systems:

The first thing we need to do is to open up Qt Creator and create a new project.1.
You can do so by either going to File | New File or Project, or by clicking the
New Project button located at the welcome screen:
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After that, the new project wizard will ask you to name your main window class.4.
We'll just go with the default settings and click the Next button to proceed:
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Finally, you will be asked to link your version control tool to your project. By5.
linking a version control tool to your project, you will be able to keep every
revision of your code on a remote server and keep track of all the changes being
made to the project. This is especially useful if you're working in a team. In this
tutorial, however, we will not be using any version control, so let's just proceed
by clicking the Finish button:

Once you're done with that, Qt Creator will open up your new project and you6.
will be able to see your project directory displayed at the top left corner, like so:
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Grid Layout: A grid layout widget lays out widgets in a two-dimensional grid.3.
Each widget can occupy more than one cell.
Form Layout: A form layout widget lays out widgets in a two-column field style.4.
Just as the name implies, this type of layout is best suited for forms of input
widgets.

Layouts provided by Qt are very important for creating quality applications and are really
powerful. Qt programs don't typically lay elements out using the fixed position because
layouts allow dialogs and windows to be dynamically resized in a sensible manner while
handling a varying length of text when it's localized in different languages. If you don't
make use of layouts in your Qt programs, its UI may very look very different on different
computers or devices, which in most cases will create an unpleasant user experience.

Next, let's take a look at the spacer widget. A spacer is a non-visible widget that pushes
widgets along a specific direction until it reaches the limit of the layout container. Spacers
must be used within a layout, otherwise they will not carry any effect.

There are two types of spacer, namely the Horizontal Spacer and Vertical Spacer:

Horizontal Spacer: A horizontal spacer widget is a widget that occupies the1.
space within a layout and pushes other widgets within the layout along a
horizontal space.
Vertical Spacer: A vertical spacer is similar to a horizontal spacer, except it2.
pushes the widgets along the vertical space.

It's kind of hard to imagine how the Layouts and Spacers work without actually working
with them. Don't worry about that, as we will be trying it out in a moment. One of the most
powerful features of Qt Designer is that you can experiment with and test your layouts
without have to change and compile your code after each change.

Besides Layouts and Spacers, there are a few more categories, namely Buttons, Item Views,
Containers, Input Widgets, and Display Widgets. I won't go and explain every single one
of them as their names are pretty much self-explanatory. You can also drag and drop the
widget on the Form Editor to see what it does. Let's do it:

Click and drag the Push Button widget from the Widget Box to the Form Editor,1.
as shown in the following screenshot:
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Then, select the newly added Push Button widget, and you will see that all the2.
information related to this particular widget is now appearing on the Properties
Editor panel:
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You can change the properties of the widget, such as appearance, focus policy,3.
tooltip, and so on programmatically in C++ code. Some properties can also be
edited directly in the Form Editor. Let's double-click on the Push Button and
change the text of the button, and then resize the button by dragging its edge:

Once you're done with that, let's drag and drop a Horizontal Layout to the Form4.
Editor. Then, drag the Push Button to the newly added layout. You will now see
that the button automatically fits into the layout:
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By default, the main window does not carry any layout effect, and therefore the5.
widgets will stay where they were originally placed, even when the window is
being resized, which does not look very good. To add a layout effect to the main
window, right-click on the window in the Form Editor, select Lay out, and finally
select Lay Out Vertically. You will now see the Horizontal Layout widget we
added previously is now automatically expanding to fit the entire window. This
is the correct behavior of a layout in Qt:
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Once you're done, click the OK button and you should be able to see that the3.
Submit button changes its appearance to this:

The Style Sheet we used earlier is pretty much self-explanatory. It enables the
borderline of the Push Button and sets the border color to dark blue using RGB
values. Then, it also applies a rounded corner effect to the button and changes its
background color to light blue. Finally, the Submit text has also been changed to
white.
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Database Connection

In the previous chapter, we learned how to create a login page from scratch. However, it is
not functional yet, as the login page is not connected to a database. In this chapter, you will
learn how to connect your Qt application to a MySQL (or MariaDB) database that validates
login credentials.

In this chapter, we will cover the following topics:

Introducing the MySQL database system
Setting up the MySQL database
SQL commands
Database connection in Qt
Functional login page

We will walk through this chapter in a step-by-step approach to discover the powerful
features that come with Qt and allow your application to connect directly to a database
without any additional third-party dependencies. Database querying is a huge topic by
itself, but we will be able to learn the most basic commands from scratch through examples
and practical methods.

Qt supports multiple different types of database systems:

MySQL (or MariaDB)
SQLite (version 2 and 3)
IBM DB2
Oracle
ODBC
PostgreSQL
Sybase Adaptive Server
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After you have installed XAMPP, launch the control panel from the start menu or3.
from the desktop shortcut. After that, you may notice that nothing has happened.
This is because the XAMPP control panel is hidden within the taskbar by default.
You may display the control panel window by right-clicking on it and selecting
the Show / Hide option in the pop-up menu. The following screenshot shows
you what this looks like on a Windows machine. For Linux, the menu may look
slightly different, but overall it is very similar. For macOS, you must launch
XAMPP from the launchpad or from the dock:

Once you have clicked the Show / Hide option, you will finally see the control4.
panel window displayed on your screen. If you click the Show / Hide option
again, the window will be hidden away:
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Their control panel is pretty much self-explanatory at first glance. On the left, you5.
can see the names of the services that are available in XAMPP, and on the right,
you will see the buttons that indicate Start, Config, Logs, and so on. For some
reason, XAMPP is showing MySQL as the module name but it is in fact running
MariaDB. Don't worry; both work pretty much the same since MariaDB is a fork
of MySQL.
In this chapter, we'll only need Apache and MySQL (MariaDB), so let's click the6.
Start buttons of these services. After a second or two, you'll see that the Start
buttons are now labeled as Stop, which means the services have been launched!:
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On the left-hand side of the page, you will see the navigation panel, which allows10.
you access to the different databases available in your MariaDB database. On the
right-hand side of the page are various tools that let you view table, edit table,
run SQL command, export data to spreadsheet, set privileges, and so on.
By default, you can only modify the General settings of the database on the11.
setting panel located on the right. You must select a database from the navigation
panel on the left before you are able to modify the settings of a particular
database.
A database is like a cabinet that you can store log books within. Each log book is12.
called a table and each table contains data, which is sorted like a spreadsheet.
When you want to obtain a data from MariaDB, you must specify which cabinet
(database) and log book (table) you would like to access before getting the data
from it. Hopefully, this will make you better understand the concept behind
MariaDB and other similar database systems.
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Now, let's get started by creating our very first database! To do so, you can either13.
click the New button located above the database names on the navigation
panel or click the Databases button located at the top of the menu. Both buttons
will bring you to the Databases page, and you should be able to see this located
below the menu buttons:

After that, let's create our very first database! Type in your desired database14.
name and click the Create button. Once the database has been created, you will
be redirected to the Structure page, which will list down all the tables contained
in this database. By default, your newly created database doesn't contain any
tables, so you will see a line of text that says No tables found in database:
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The timestamp, on the other hand, must be set to TIMESTAMP type, and must19.
set the default value to CURRENT_TIMESTAMP, which notifies MariaDB to
automatically generate the current timestamp upon data insertion.
Please note that the index setting for the ID column must be set to PRIMARY,20.
and make sure that the A_I (auto increment) checkbox is ticked. When you check
the A_I checkbox, an Add Index window will appear. You can keep the default
settings as they are and then you can click the Go button to complete the steps
and start creating the table:

After you have created the new table, you should be able to see something similar21.
like the following image. You can still edit the structure settings anytime by
clicking the Change button; you can also remove any of the columns by clicking
on the Drop button located at the right-hand side of the column. Please note that
deleting a column will also remove all the existing data belonging to that column,
and this action cannot be undone:



Database Connection Chapter 3

[ 64 ]

Even though we'll usually add data to the database through our programs or web22.
pages, we can also add data directly on phpMyAdmin for testing purposes. To
add data using phpMyAdmin, first, you must create a database and table, which
we have done in the previous steps. Then, click the Insert button located at the
top of the menu:

After that, you'll see that a form has appeared, which resembles the data23.
structure that we created previously:
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Then, go to the bottom and look for this link called Add user account:

Once you're in the Add user account page, type in the User name and Password
information in the Login Information form. Make sure that the Host name is set to Local:
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Then, scroll down and set the Global privileges of the user. Enabling the options within the
Data section is well enough, but do not enable the other options as it might give hackers the
privilege to alter your database structure once your server has been compromised:

Once you have created the user account, follow the following steps to allow the newly-
created user access to the database called test (or any other table name of your choice):
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If you see the following error, don't worry:

That is simply because you must install the MariaDB Connector (or MySQL Connector if
you're running MySQL) to your computer and copy the DLL file over to your Qt
installation path. Please make sure that the DLL file matches your server's database library.
You can open up your phpMyAdmin home page and see which library it is currently using.

For some reason, even though I'm running XAMPP with MariaDB, the library name here
shows libmysql instead of libmariadb, so I had to install MySQL Connector instead:
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Then, set the echoMode of the password input as Password. This setting will hide the
password visually by replacing it with dots:
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Click the Run button again and see what happens when you click the Submit button:

Hip hip hooray! The login page is now fully functional!

Summary
In this chapter, we learned how to set up a database system and make our Qt application
connect to it. In the next chapter, we will learn how to draw graphs and charts using the
powerful Qt Framework.
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Types of charts and graphs in Qt
Qt supports most commonly used diagrams, and even allows the developer to customize
the look and feel of them so that they can be used for many different purposes. The Qt
Charts module provides the following chart types:

Line and spline charts
Bar charts
Pie charts
Polar charts
Area and scatter charts
Box-and-whiskers charts
Candlestick charts

Line and spline charts
The first type of chart is the line and spline chart. These charts are typically presented as a
series of points/markers that are connected by lines. In a line chart, the points are connected
by straight lines to show the changes of the variables over a period of time. On the other
hand, spline charts are very similar to line charts except the points are connected by a
spline/curve line instead of straight lines:
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Bar charts
Bar charts are one of the most commonly used diagrams beside line charts and pie charts. A
bar chart is quite similar to a line chart, except it doesn't connect the data along an axis.
Instead, a bar chart displays its data using individual rectangular shapes, where its height is
determined by the value of the data. This means that the higher the value, the taller the
rectangular shape will become:
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Pie charts
A pie chart, as its name implies, is a type of chart that looks like a pie. A pie chart presents
its data in the form of pie slices. The size of each slice of pie will be determined by the
overall percentage of its value compared to the rest of the data. Therefore, pie charts are
normally used to display fraction, ratio, percentage, or a share of a set of data:

Sometimes, a pie chart can also be displayed in a donut shape (also known as donut chart):
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Polar charts
Polar charts present data in a circular graph, where the placement of the data is based on
both the angle and the distance from the center of the graph, which means the higher the
value of the data, the further away the point is from the center of the chart. You can display
multiple types of graphs within the polar chart, such as line, spline, area, and scatter to
visualize the data:
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If you are a gamer, you should have noticed this type of graph being used in some video
games to display the in-game character's attributes:

Area and scatter charts
An area chart displays its data as an area or shape to indicate volume. It's usually used to
compare the differences between two or more datasets.
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Scatter charts, on the other hand, are used to display a collection of data points, and for
showing the non-linear relationship between two or more datasets.
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Box-and-whiskers charts
Box-and-whiskers charts present data as quartiles extended with whiskers that show the
variability of the values. The boxes may have lines extending vertically called whiskers.
These lines indicate variability outside the upper and lower quartiles, and any point outside
those lines or whiskers is considered an outlier. Box-and-whisker charts are most commonly
used in statistical analysis, such as stock market analysis:

Candlestick charts
Candlestick charts are visually quite similar to the box-and-whiskers charts, except they are
used to represent the difference between the opening and closing value, while showing the
direction of the value (whether increasing or decreasing) through different colors. If the
value of a particular piece of data stays the same, the rectangular shape will not be shown at
all:
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Click the Run button in Qt Creator, and you should see something like this:
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Creating the dashboard page
In the previous chapter, we created a functional login page that allows the user to sign in
using their username and password. What we need to do next is to create the dashboard
page, which the user will automatically get directed to upon successful login.

The dashboard page usually serves as a quick overview for the user about the status of their
company, business, project, assets, and/or other statistics. The following image shows an
example of what a dashboard page could look like:
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Once you're done, you should be getting two completely different GUIs (the dashboard
page is empty for now) when switching between pages on the stacked widget:

Next, drag and drop a grid layout to the dashboard page, and apply Layout Vertically to
the dashboard page:
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After that, drag and drop six Vertical Layout into the Grid Layout, like so:

Then, select each of the vertical layouts we just added to the grid layout, and turn it into
QFrame:
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Phew! That's a lot to digest for this chapter! Hopefully, this chapter will help you
understand how to create a beautiful and informative page for your project.

Summary
The chart module in Qt is the combination of feature and visual aesthetic. Not only is it easy
to implement without the need to write a very long code just to display the chart, but it is
also customizable to suit your visual requirements. We really need to be thankful to Qt
developers for opening up this module and allowing non-commercial users to use it for
free!

In this chapter, we have learned how to create a really nice-looking dashboard, and display
different types of charts on it using the Qt Chart module. In the coming chapter, we will
learn how to use view widget, dialog boxes, and file-selection dialogs.





Item Views and Dialogs Chapter 5

[ 116 ]

There are two ways to display data in an item view. The most common method is to use the
model-view architecture, which uses three different components, model, view, and
delegate, to retrieve data from a data source and display it in the item view. These
components all make use of the signal-slot architecture provided by Qt to communicate
with each other:

Signals from the model inform the view about changes to the data held by the
data source
Signals from the view provide information about the user's interaction with the
items being displayed
Signals from the delegate are used during editing to tell the model and view
about the state of the editor

The other method is the manual way, in which the programmer must tell Qt which data
goes into which column and row. This method is much simpler than the model-view, but
much slower when compared to its performance. However, for small amounts of data, the
performance issue can be negligible, making this a good approach.

If you open up Qt Designer, you will see the two different categories for Item View
Widgets, namely Item Views (Model-Based) and Item Widgets (Item-Based):

Even though they might look the same, in actual fact the widgets within the two categories
work very differently. In this chapter, we will learn how to use the latter category, as it is
more straightforward and easy to understand, and able to serve as prerequisite knowledge
for the former category.
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Under the Item Widgets (Item-Based) category are three different widgets called List
Widget, Tree Widget, and Table Widget. Each of these item widgets displays data in a
different way. Pick the one that suits your needs:

As you can see from the preceding diagram, the List Widget displays its items in a one-
dimensional list, while the Table Widget displays its item in a two-dimensional table. Even
though the Tree Widget works almost similar to the List Widget, its items are displayed in
a hierarchical structure, in which each item can have multiple children items under it,
recursively. One good example of this is the filesystem in our operating system, which
displays the directory structure using the tree widget.

To illustrate the differences, let's create a new Qt Widgets application project and try it out
ourselves.
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Then, double-click on the List Widget and a new window will pop out. Here, you can add a
few dummy items to the List Widget by clicking the + icon, or remove them by selecting an
item from the list and clicking the - icon. Click the OK button to apply the final result to the
widget:
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You can do the same to the Tree Widget. It's almost the same as the List Widget, except that
you can add sub-items to an item, recursively. You can also add columns to the Tree Widget
and name the columns:

Finally, double-click on the Table Widget to open the Edit Table Widget window. Unlike
the other two item views, the Table Widget is a two-dimensional item view, which means
you can add columns and rows to it just like a spreadsheet. Each column and row can be
labeled with the desired name by setting it in the Columns or Rows tab:
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It's really easy to understand how a widget works by using the Qt Designer. Just drag and
drop the widget into the window and play around with its settings, then build and run the
project to see the result for yourself.
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In this case, we have demonstrated the differences between the three item views widgets
without writing a single line of code:

Making our List Widget functional
Writing code, however, is still required in order for the widgets to be fully functional in
your application. Let's learn how to add items to our item view widgets using C++ code!
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The new WebEngine module is based on the Chromium framework built by Google, and it
will only work on the Visual C++ compiler on the Windows platform. Therefore, if you're
running Windows, please make sure that you have installed Microsoft Visual Studio on
your computer as well as all the MSVC components for Qt that match the version of Visual
Studio installed on your computer. Other than that, the Qt WebEngine component is also
required for this particular chapter. If you have skipped the components during Qt's
installation, all you need to do is to run the same installer again and install it there:





Integrating Web Content Chapter 6

[ 145 ]

Build and run the program now and you should see the following result:

It's actually that simple. You have now successfully placed a web view on your application!
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Once you're done with that, let's drag and drop a Horizontal Layout widget above the
QFrame object. Now we can see that the size of both the Horizontal Layout widget and the
QFrame object are the same, and we don't want that. Next, select the QFrame object and set
its Vertical Policy to Expanding:
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The result is pretty astounding, as you can see from the following screenshot:

You can do a lot more than just change the text or call a message box. For example, you can
start or stop an animation in an HTML canvas, show or hide an HTML element, trigger an
Ajax event to retrieve information from a PHP script, and so on and so forth... endless
possibilities!

Calling C++ functions from JavaScript
Next, let's take a look at how we can call C++ functions from JavaScript instead. For the sake
of demonstration, I'll put a text label above the web view and we will change its text using a
JavaScript function:
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You can do a lot of useful things using this method other than altering the properties of a Qt
widget. For example, saving a file to the local hard disk, getting scanned data from a
barcode scanner, and so on. There is no longer any barrier between native and web
technology. However, do be extra aware of any possible security implications of this
technique. As the old saying goes:

"With great power comes great responsibility."

Summary
In this chapter, we have learned how to create our own web browser and make it interact
with the native code. Qt provides us with the web channel technology that makes Qt a very
powerful platform for software development.

It takes advantage of both the power of Qt and the beauty of web technology, which means
you can have a lot more options when it comes to development and not just be limited to
Qt's methods. I'm really excited and can't wait to see what you can achieve with this!

Join us in the next chapter to learn how to create a map viewer similar to Google Maps,
using Qt!
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After that, drag a QQuickWidget from the widget box to the UI canvas. Then, click on the
Lay Out Horizontally button located at the top of the canvas to add layout properties to it:

Then, set all the margin properties of the central widget to 0:
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Once you're done, let's compile and run our project and see what we've got! You can try
panning around and zooming in and out from the map using the mouse, too:

Even though we can achieve the same result by using the web view widget, it will make us
write a ton of JavaScript code just to display a map like this. By using Qt Quick, we only
need to write a few simple lines of QML code and that's it.

Marker and shape display
In the previous section, we successfully created a map display, but that is just the beginning
of this project. We need to be able to display custom data in the form of markers or
shapes layered on top of the map, so that the user can understand the data.
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Obtaining a user's location
Qt provides us with a set of functions to retrieve a user's location information, but it will
only work if the user's device supports geopositioning. This should work on all modern
smartphones and might work on some of the modern computers as well.
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Graphics View

In the previous chapter, we learned about the importance of visual presentation for the user
by displaying coordinate data on a map. In this chapter, we will further explore the
possibility of graphics data representation using Qt's Graphics View framework.

In this chapter, we will cover the following topics:

Graphics View framework
Moveable graphics items
Creating an organization chart

At the end of this chapter, you will be able to create an organization chart display using C++
and Qt's API. Let's get started!

Graphics View framework
The Graphics View framework is part of the widgets module in Qt so it is already
supported by default, unless you're running Qt console application instead, which does not
need the widgets module.

The Graphics View view in Qt works pretty much like a whiteboard, where you can draw
anything on it using C/C++ code, such as drawing shapes, lines, text, and even images. This
chapter may be a little hard to follow for beginners but it will definitely be a fun project to
work with. Let's get started!
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First, create a C/C++ class by going to File | New File or Project:
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Once you're done, build and run the project again. This time, you should be able to create
an organization chart, such as the following:

This is just a simpler version that shows you how you can make use of Qt's powerful
Graphics View system to display graphical representation of a set of data that can be easily
understood by an average Joe.
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Then, add another Horizontal Layout to the bottom of the previous horizontal layout and
right-click on it and select Morph into | QFrame. After that, set its sizePolicy (Horizontal
Policy and Vertical Policy) settings to Expanding. Refer the following screenshot:

Your program's user interface should look something like this by now:
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The reason we convert the layout to a frame is so that we can set the sizePolicy (both
Horizontal policy and Vertical policy) to Expanding. However, if we just add a Frame
widget (which is essentially a QFrame) from the widget box, we don't get the layout
component on it which is needed for attaching the viewfinder later.

Next, right click on the QFrame again and select Change styleSheet. A window will pop up
for setting the style sheet of that widget. Add the following style sheet code to make the
background black:

This step is optional; we made its background black just to indicate the viewfinder's
location. Once this is done, let's put another Horizontal Layout above the QFrame, such as
the following:
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After that, add two Push Buttons to the Horizontal Layout and a Horizontal Spacer to
keep them aligned to the right:
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Instant Messaging

One important feature of corporate software is the ability to communicate with staff. Thus,
an internal instant messaging system is a crucial part of the software. By incorporating the
networking module in Qt, we can easily create a chat system out of it.

In this chapter, we will cover the following topics:

Qt networking module
Creating an instant messaging server
Creating an instant messaging client

Creating an instant messaging system using Qt is a lot easier than you think. Let's get
started!

The Qt networking module
In the following section, we will learn about the Qt networking module and how it can help
us to achieve server-client communication via the TCP or UDP connection protocols.

Connection protocols
The networking module in Qt is the module that offers both low-level networking
functionality, such as TCP and UDP sockets, as well as high-level networking classes for
web integration and network communication.

In this chapter, we will use the TCP (Transmission Control Protocol) internet protocol for
our program instead of the UDP (User Datagram Protocol) protocol. The main difference is
that TCP is a connection-oriented protocol that requires all clients to establish a connection
to the server before they are able to communicate with each other.
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Once you're finished, drag and drop another Horizontal Layout and place it on4.
top of the text browser. After that, place a Label, Line Edit, and a Push Button
into the horizontal layout, like this:
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Meanwhile, you should also see all the activities on the server side as well:

That's it! We have successfully created a simple chat system using Qt. You are welcome to
improvise on this and create a fully fledged messaging system!
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Summary
In this chapter, we learned how to create an instant messaging system using Qt's
networking module. In the following chapter, we will dive into the wonders of graphics
rendering using Qt.
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The main characteristics of both formats are listed here:

Bitmap:
Usually a larger file size
Cannot be enlarged into a higher resolution as the image quality
will be affected
Used to display complex images with many colors, such as
photographs

Vector:
Very small in file size
Graphics can be resized without affecting the image quality
Only a limited amount of color can be applied to each shape (single
color, gradient, or pattern)
Complex shapes require high-processing power to be generated

The diagram here compares bitmap and vector graphics:

We will focus on learning how to draw vector graphics using Qt in this section, but we will
also cover bitmap graphics later in this chapter. 
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Summary
In this chapter, we have learned how to draw vector and bitmap graphics, and
subsequently we created our very own paint program using Qt. In the following chapter,
we will look into the aspects of creating a program that transfers and stores our data on to
the cloud. 
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Cloud Storage

In the previous chapter, we learned how to draw images on-screen using Qt. In this chapter,
however, we are going learn something totally different, which is setting up our own file
server and linking it to our Qt application.

In this chapter, we will cover the following topics:

Setting up the FTP server
Displaying the file list on the list view
Uploading files to the FTP server
Downloading files from the FTP server

Let's get started!

Setting up the FTP server
In the following section, we will learn how to set up an FTP server, which stores all the files
uploaded by a user and allows them to download them at any time. This section is not
related to Qt, so if you already have a running FTP server, please skip this part and proceed
to the next section of this chapter.

Introducing FTP
FTP is an acronym for File Transfer Protocol. FTP is used to transfer files from one
computer to another on a network, usually over the internet. FTP is just one of the many
different forms of cloud storage technology, but it is also a simple one that you can easily
set up on your own computer.
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Once you're at the download page, click on the Download FileZilla Server3.
button and start downloading the software. We're not going to use the FileZilla
Client, so you don't have to download that. Once everything is ready, let's
proceed to install the software.
Like most Windows software, the installation process is very straightforward.4.
Keep everything as default and click Next all the way until the installation
process begins. It will take a couple of minutes at most for the installation to
complete.
Once it's completed, click on the Close button and we're done!:5.
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After the FTP server has started running, we need to create a user account. Click3.
on the fourth icon from the left to open up the Users dialog:

Then, under the General page, click on the Add button located at the right side of4.
the window. Create an account by setting a username and press OK.
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We don't have to set the user to any group for now, as user groups are only5.
useful when you have many users that have the same privilege settings since it is
easier to change all users settings at once or move users to different groups. Once
you have created the user, check on the Password option and key in your desired
password. It is always a good practice to put the password on your FTP account:
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After that, we will proceed to the Shared folders page and add a shared directory6.
for our newly created user.
Make sure the Delete and Append options are checked so that files that have the7.
same name can be replaced. We will be using that for updating our file list in a
moment:
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Next, let's proceed to create our Qt project!

Displaying the file list on the list view
In the previous section, we successfully set up a FTP server and kept it running. In the
following section, we will learn how to create an FTP client program that displays the file
list, uploads files to the FTP server, and finally downloads files from it.
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Build the program now and you should be able to download any files listed on6.
the file list!:

Summary
In this chapter, we learned how to create our own cloud storage client using Qt's
Networking module. In the following chapter, we will learn more about the multimedia
module and create our own multimedia player from scratch using Qt.
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Qt Quick and QML

In this chapter, we are going to learn something very different from the rest of the chapters
in this book. Qt consists of two different methods for developing an application. The first
method is Qt Widgets and C++, which we have covered in all previous chapters. The second
method is using Qt Quick controls and the QML scripting language, which we will be
covering in this chapter.

In this chapter, we will cover the following topics :

Introduction to Qt Quick and QML
Qt Quick Widgets and Controls
Qt Quick Designer
Qt Quick Layouts
Basic QML Scripting

Are you ready? Let's get started!

Introduction to Qt Quick and QML
In the following section, we will learn what Qt Quick and QML are, and how we can make
use of them to develop Qt applications without the need for writing C++ code.

Introducing Qt Quick
Qt Quick is a module in Qt that provides a whole set of user-interface engines and
language infrastructure for developing touch-oriented and visual-oriented applications.
Instead of using the usual Qt Widgets for user-interface design, developers who choose Qt
Quick will be using the Qt Quick objects and controls instead.
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Furthermore, developers will be writing their code using the QML language, which has
similar syntax to JavaScript, rather than writing in C++ code. You can, however, use the C++
API provided by Qt to extend the QML application by cross-calling each language's
functions (calling C++ functions in QML, and vice versa).

Developers can choose which method they prefer for developing their applications by
choosing the right option when creating the project. Instead of choosing the usual Qt
Widgets Application option, developers can pick Qt Quick Application, which tells Qt
Creator to create different starting files and settings for your project that empowers the Qt
Quick modules:

When you're creating a Qt Quick Application project, Qt Creator will ask you to choose the
Minimal required Qt version for your project:
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Once you have selected a Qt version, Qt Quick Designer will determine which features to
enable and which widgets will appear on the QML Types window. We will talk more about
those in later sections.

Introducing QML
QML (Qt Modeling Language) is a user-interface markup language for designing touch-
friendly user interfaces, similar to how CSS works on HTML. Unlike C++ or JavaScript,
which are both imperative languages, QML is a declarative language. In declarative
programming, you only express the logic in your script without describing its control flow.
It simply tells the computer what to do, instead of how to do it. Imperative programing,
however, requires statements to specify actions.
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Library: The Library window displays all the QML types available for the current1.
project. You can click and drag it to the canvas window to add it to your UI. You
can also create your own custom QML type and display it here.
Resources: The Resources window displays all the resources in a list, which can2.
then be used in your UI design.
Imports: The Imports window allows you to import different Qt Quick modules3.
into your current project.
Navigator: The Navigator window displays the items in the current QML file as a4.
tree structure. It's similar to the object operator window in the Qt Widgets
Application project.
Connections: The Connections window consists of several different tabs:5.
Connections, Bindings, Properties, and Backends. These tabs allow you to add
Connections (signal-and-slot), Bindings, and Properties to your QML file,
without switching over to Edit mode.
State Pane: State pane displays the different states in the QML project that6.
typically describe UI configurations, such as the UI controls, their properties and
behavior, and available actions.
Canvas: Canvas is the working area where you design your application UI.7.
Properties Pane: Similar to the property editor we used in Qt Widgets8.
Application projects, the Properties pane in the QML designer displays the
properties of the selected item. You can immediately see the result in the UI after
changing the values here.

Qt Quick layouts
Just like the Qt Widget applications, a layout system also exists in Qt Quick applications.
The only difference is it's called the Positioners in Qt Quick:
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The most noticeable similarity is the Column and Row positioners. These two are exactly
the same as the Vertical Layout and Horizontal Layout in Qt Widgets Application. Besides
that, the Grid positioner is also the same as the Grid Layout.

The only extra thing in Qt Quick is the Flow positioner. The items contained within the
Flow positioner arrange themselves like words on a page, with items arranged in lines
along one axis, and lines of items placed next to each other along another axis.

Basic QML scripting
In the following section, we will learn how to create our very first Qt Quick application
using Qt Quick Designer and QML!

Setting up the project
Without further ado, let's put our hands on QML and create a Qt Quick application
ourselves! For this example project, we are going to create a dummy login screen using Qt
Quick Designer and a QML script. First, let's open up Qt Creator and create a new project
by going to File | New File or Project...

After that, select Qt Quick Application and press Choose.... After that, press Next all the
way until the project is created. We are just going to use all the default settings for this
example project, including the Minimal required Qt version:
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Once the project has been created, we need to add a few image files to our project, so that
we can use them later:
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Cross-Platform Development

Qt has been known for its cross-platform capability since its first release. It was also one of
the main goals of the founders when they decided to create this framework, long before it
was taken over by Nokia, and later The Qt Company.

In this chapter, we will cover the following topics:

Compilers
Build settings
Deploying to PC platforms
Deploying to mobile platforms

Let's get started.

Understanding compilers
In this chapter, we will learn about the process of generating an executable file from a Qt
project. This process is what we call compile or build. The tool that is used for this purpose
is called a compiler. In the following section, we will learn what a compiler is and how to
use it to generate an executable file for our Qt project.

What is a compiler?
When we develop an application, either using Qt or any other software development kit,
we often have to compile our project into an executable, but what is actually going on when
we're compiling our project?
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A compiler is a piece of software that transforms computer code written in a high-level
programming language or computer instructions into a machine code or lower-level form
that can be read and executed by a computer. This low-level machine code is very different
depending on the operating system and computer processor you're running, but you don't
have to worry about it as the compiler will convert it for you.

That means all you need to worry about is writing your logic code in a human-readable
programming language, and let the compiler do the job for you. By using different
compilers, theoretically, you should be able to compile your code into executable programs
that can be run on different operating systems and hardware. I'm using the word
theoretically here because in practice it's actually much more difficult than just using
different compilers, you may also need to implement libraries that support the target
platform. However, Qt has already handled all this for you, so you don't have to do the
extra work.

In the current version, Qt supports the following compilers:

GNU Compiler Collection (GCC): GCC is a compiler for Linux and macOS
MinGW (Minimalist GNU for Windows): MinGW is a native software port of
GCC and GNU Binutils (binary utilities) for developing applications on Windows
Microsoft Visual C++ (MSVC): Qt supports MSVC 2013, 2015, and 2017 for
building Windows applications
XCode: XCode is the primary compiler used by developers who develop
applications for macOS and iOS
Linux ICC (Intel C++ Compiler): Linux ICC is a set of compilers of C and C++
compilers developed by Intel for Linux application development
Clang: Clang is a C, C++, Objective C, and Objective C++ frontend for the LLVM
compiler for Windows, Linux, and macOS
Nim: Nim is the Nim compiler for Windows, Linux, and macOS
QCC: QCC is the interface for compiling C++ applications for the QNX operating
system

Build automation with Make
In software development, Make is a build automation tool that automatically builds
executable programs and libraries from source code by reading configuration files called
Makefiles that specify how to derive the target platform. In a nutshell, a Make program
generates build configuration files and uses them to tell the compiler what to do before
generating the final executable program.



Cross-Platform Development Chapter 15

[ 340 ]

Qt supports two types of Make programs:

qmake: It is the native Make program developed by the Qt team. It works best on
Qt Creator, and I strongly recommend using it for all Qt projects.
CMake: On the other hand, although this is a very powerful build system, it
doesn't do all the things that qmake does specifically for a Qt project, such as:

Running the Meta Object Compiler (MOC)
Telling the compiler where to look for Qt headers
Telling the linker where to look for Qt libraries

You have to do the preceding steps manually on CMake in order to successfully compile a
Qt project. You should use CMake only if:

You're working on a non-Qt project but wish to use Qt Creator for writing the
code

You're dealing with a massive project that requires complex configurations,
which qmake simply cannot handle

You really love to use CMake and you know exactly what you're doing

Qt is really flexible when it comes to choosing the right tools for your project. It doesn't stick
to just its own build system and compiler. It gives the developers freedom to choose what
suits best for their projects.

Build settings
Before a project is compiled or built, the compiler needs to know several details before
proceeding. These details are known as the build settings, which are a very important
aspect of the compilation process. In the following section, we will learn what the build
settings are and how we can configure them in an accurate manner.
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The default kit selection on Linux is much simpler than Windows. Since a 64-bit application
has been mainstream and standard on most Linux distros for some time now, we only need
to include the GCC 64-bit compiler when installing Qt. There is also an option for Android,
but we will talk more about it later:

If you are compiling your Linux application on Qt Creator for the first time, I'm pretty sure
you will get the following error:





Cross-Platform Development Chapter 15

[ 349 ]

Once you have installed the appropriate packages, restart Qt Creator and go to
Tools | Options. Then, go to the Build & Run category and open up the Kits tab. You 
should now be able to select the compilers for both C and C++ options for your Desktop kit:
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Again, the preceding command only works on Debian and Ubuntu variants. Please look for
the appropriate command for your Linux distro if you're not running one of the Debian or
Ubuntu forks:

Once the package has been installed, you should be able to compile and run your Qt
application without any problem:
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As for using one of the other compilers that are less popular, such as Linux ICC, Nim, or
QCC, you must set it manually by clicking on the Add button located on the right-hand
side of the Kits interface, then key in all the appropriate settings to get it to work. Most
people do not use these compilers, so we'll just skip them for now.

When it comes to distributing Linux applications, it's a lot more complicated than Windows
or macOS. This is owing to the fact that Linux is not a single operating system, but rather a
bunch of different distros with their own dependencies and configurations, which makes
distributing programs very difficult.
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macOS
In my opinion, macOS is the single most centralized operating system in the software
world. Not only is it designed to run only on the Macintosh machines, you are also required
to download or buy software only from the Apple App Store.

No doubt this has caused an uneasy feeling for some people who care about freedom of
choice, but on the other hand it also means that developers have less problems to deal with
when it comes to application building and distribution.

Other than that, macOS applications behave pretty much similar to a ZIP archive, where
each and every application has its own directory that carries the appropriate libraries with
it. Therefore, there is no need for the users to install the Qt libraries on their operating
system beforehand and everything just works out of the box.

As for the Kit Selection, Qt for macOS supports kits for Android, clang 64-bit, iOS, and iOS
Simulator:
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Deploying to mobile platforms
Apart from platforms such as Windows, Linux, and macOS, mobile platforms do hold equal
importance. There are many developers who would like to deploy their applications to
mobile platforms. Let's see how that's done. We will cover two major platforms, they are,
iOS and Android.

iOS
Deploying Qt applications on iOS is really simple and easy. Just like we did previously for
macOS, you need to first install Xcode on your development PC:
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Android
Even though Android is a Linux-based operating system, it is very different when
comparing it  to the Linux platforms that you run on your PC. To build Android
applications on Qt, you must first install Android SDK, Android NDK, and Apache ANT
to your development PC, regardless of whether you're running Windows, Linux, or macOS:
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You can set everything here, such as the package name, version code, SDK version,
application icon, permissions, and so on.

Android is an open system compared to iOS, so there is no need for you to do anything
before you're able to distribute your applications to your users. You can, however, choose to
register as a Google Play developer if you want to distribute your apps on the Google Play
Store.

Summary
In this chapter, we have learned how to compile and distribute our Qt applications for
different platforms, such as Windows, Linux, macOS, Android, and iOS. In the next
chapter, we will learn different debugging methods that could save development time. Let's
check it out!
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Testing and Debugging

We often see the word debug when reading tutorials or articles related to programming. But
do you know what debugging means? A bug in programming terms means an error or
defect within a computer program that prevents the software from operating correctly,
which often leads to incorrect output or even a crash.

In this chapter, we will cover the following topics and learn how to debug our Qt project:

Debugging techniques
Debuggers supported by Qt
Unit testing

Let's get started.

Debugging techniques
Technical issues occur all the time during the development process. To tackle these
problems, we need to find out all these issues and solve them before releasing our
application to the users, so as not to affect the company/team's reputation. The method used
to look for technical issues is called debugging. In this section, we will look at the common
debugging techniques used by professionals to ensure their program is reliable and of a
high quality.
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The first option is called Set Breakpoint at Line..., which lets you set a breakpoint at a
specific line on your script. A red dot icon will appear beside the line number once you
have created a breakpoint:

The second option is called Set Message Tracepoint at Line..., which prints a message
when the program reaches this particular line of code. An eye icon will appear beside the
line number once you have created a breakpoint:
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In the preceding image, you can see the value is still at 100 because at this point the minus
operation has not  yet been run. The next thing we need to do is to click on the Step Into
button on top of the Stack window located at the bottom of your Qt Creator:

After that, the debugger will move on to the next breakpoint, and here we can see the value
has decreased to 90 as expected:

You can use this method to easily examine your application. To delete a breakpoint, you
just have to click on the red dot icon again.

Do note that you must run this in the debug mode. This is because when compiling in
debug mode, additional debugging symbols will be embedded into your application or
library that allow your debugger to gain access to information from the source code of the
binary, such as the name of identifiers, variables, and routines. This is also the reason why
your application or library will be much bigger in file size if compiled in debug mode.
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Debuggers supported by Qt
There are different types of debuggers that are supported by Qt. Depending on the platform
and compiler you're running for your project, the debugger used will also be different. The
following is the list of debuggers commonly supported by Qt:

Windows (MinGW): GDB (GNU Debugger)
Windows (MSVC): CDB (Debugging Tools for Windows)
macOS: LLDB (LLVM Debugger), FSF GDB (Experimental)
Linux: GDB, LLDB (Experimental)
Unix (FreeBSD, OpenBSD, etc.): GDB
Android: GDB
iOS: LLDB

Debugging for PC
With GDB (GNU Debugger), there is no need for any manual setup if you're using MinGW
compiler on Windows, as it usually comes together with your Qt installation. If you're
running other operating systems such as Linux, you may need to install it manually before
linking it up with your Qt Creator. Qt Creator detects the existence of GDB and links it with
your project automatically. If it doesn't, you can easily find the GDB executable located in
your Qt directory and link it by yourself.

CDB (Debugging Tools for Windows) on the other hand, needs to be installed manually
on your Windows machine. Do note that Qt doesn't support the built-in debugger of Visual
Studio. Therefore, you need to install the CDB debugger separately by selecting an optional
component called debugging tools for windows while installing the Windows SDK. Qt
Creator also normally would recognize the existence of CDB and put it on the debugger list
under the Debuggers Options page. You can go to Tools | Options | Build and
Run | Debuggers to look for the settings as seen in the following screenshot:
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Debugging for Android devices
Debugging for Android devices is slightly more complicated than for a PC. You must install
all the necessary packages for Android development, such as JDK (version 6 or later),
Android SDK, and Android NDK. Then you also need the Android Debug Bridge
(ADB) driver on the Windows platform to enable USB debugging, since the default USB
driver on Windows does not allow for debugging.

Debugging for macOS and iOS
As for macOS and iOS, the debugger used is LLDB (LLVM Debugger), which comes with
Xcode by default. Qt Creator will also recognize its existence and link it with your project
automatically.
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Every debugger is a little different from another and may behave differently on Qt Creator.
You can also run the non-GDB debuggers on their respective IDE (Visual Studio, XCode,
and so on), if you are familiar with those tools and know what you're doing.

If you need to add other debuggers to your project, you can go over
to Tools | Options | Build and Run | Kits and click Clone to copy an existing kit. Then,
under the Debuggers tab, click on the Add button to add a new debugger selection:

In the Name field, type in the descriptive name for the debugger so you can easily
remember its purpose. Then, specify the path to the debugger binary in the Path field so
that Qt Creator knows which executable to run when you start the debugging process.
Other than that, the Type and Version fields are used by Qt Creator to identify the types of
version of the debugger. In addition, Qt Creator shows the ABI version that will be used on
embedded devices in the ABIs field.
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Summary
In this chapter, we have learned how to identify technical issues in our Qt project by using
multiple debugging techniques. Other than that, we have also learned about different
debuggers that are supported by Qt on different operating systems. Finally, we also learned
how to automate some of the debugging steps through unit testing.

That's it! We have reached the end of this book. Hopefully, you have found this book useful
on learning how to build your own applications from scratch using Qt. You can look for all
the source code on GitHub. I wish you all the best!



Other Books You May Enjoy
If you enjoyed this book, you may be interested in these other books by Packt:

Mastering the C++17 STL
Arthur O'Dwyer

ISBN: 978-1-78712-682-4

Make your own iterator types, allocators, and thread pools.
Master every standard container and every standard algorithm.
Improve your code by replacing new/delete with smart pointers.
Understand the difference between monomorphic algorithms, polymorphic
algorithms, and generic algorithms.
Learn the meaning and applications of vocabulary type, product type and sum
type.
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Leave a review - let other readers know what
you think
Please share your thoughts on this book with others by leaving a review on the site that you
bought it from. If you purchased the book from Amazon, please leave us an honest review
on this book's Amazon page. This is vital so that other potential readers can see and use
your unbiased opinion to make purchasing decisions, we can understand what our
customers think about our products, and our authors can see your feedback on the title that
they have worked with Packt to create. It will only take a few minutes of your time, but is
valuable to other potential customers, our authors, and Packt. Thank you!
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