Qt 5 Application Framework
Gnuplot Plotting Library
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Qt / Gnuplot

e Qt: a cross-platform application framework

— Main use: C++ application development with
Graphical User Interfaces

— Current version: Qt 5
e Gnuplot: a program generating 2 and 3-
dimensional plots of functions or data

— Can be built as a library providing QtGnuplotWidget
class
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Qt 5 installation

Ubuntu distribution:
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If Ubuntu runs as a VirtualBox Appliance 3d acceleration must be
disabled.
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Gnuplot Installation (1)

Build Gnuplot as a library

sl g 1o E ntome e | 00 I Dy
Scvs -d:pserver:anonymous@gnuplot.cvs.sourceforge.net:/cvsroot/gnuplot login

Scvs o8 drpseveranonymousgnupiol eve sourceforge net - ovsroot fguaplof eo ¢
gnuplot

cd or 4B

Swget http://sourceforge.net/p/gnuplot/patches/ discuss/thread/47917802/fbe5/attachment/qtlib6.patch
0 s s
Slibtoolize

S./prepare

s il
Sexport OT PATH=/usr

sexoerl UIC- o0l PATH iR/ nie
Sexport MOC=$QT PATH/bin/moc
Sexport RCC=S50T PATH/bin/ree
Sexport CXX=g++

Sexpart (C=gee
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Gnuplot Installation (2)
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/usr/lib/x86 ed=1inux=gnu/libOt5WebKitWidgets . 56\

/usr/lib/x86 64-1linux—-gnu/libOtbWidgets.so /usr/lib/x86 64-linux-gnu/l1ibQt5Xml.so"
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Gnuplot Installation (3)
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Gnuplot Installation (4)

e Hack the gtterminal of Gnuplot:

Create a public function QLabel * getStatusLabel() const returning m statusLabel private member
in QtGnuplotWidget class (src/gtterminal/QtGnuplotWidget.h &
E - terminal ol pleo gl cpg !

add wir o iod: snaeh 0 e ofEevminal gF o e n pp

delete demo subdir from SUBDIRS variable in Makefile with editor (in Gnuplot root path)

Run the following commands within Gnuplot root path:
Smake

Sciuide moke inskall

download QtExample.zip from e-class and unzip in a proper dir

S0 e

open QtExample project
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Qt 5 Tutorial

e Qt modules:

— Qt Library: C++ class library providing application
building blocks and GUI widget classes

— Qt Creator: An IDE for Qt Applications

- Qt Designer: A tool of Qt Creator for designing GUIs,
generating .ui xml files

- gmake: tool for generating Makefile
— There is a plug-in for Eclipse IDE
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Ot Creator Hellorworid pEojeet

1: New Project Open Project

'y Examples
% Smion
Tutorials
@3 B default (current session) Choose a template: Desktop Templates =
"5 ‘
3 Prme:lts - QtW|geI:sApltatlon Creates a Qt application for the
.Ill Applications </ Qt Quick Application desktop. Includes a Qt Designer-
Libraries B ot console Application based main window.
? = . .
D Hewto QU Other Project B HTMLS Application Preselects a desktop Qt for building
Analyze Learn how to develop your Non-Qt Project < Qt Quick Ul the application if available.
own applications and explore ;
ﬁ’) Qt Creator. ImAoKE:Frojece Supported Platforms: Desktop
Help Files and Classes

Get Started Now

L QtAccount
@ QtCloud Services
- Online Community

a Blogs

o User Guide

Cancel Choose...
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Hello World project (cont.d)

2 Qt Widgets Application

) Introduction and Project Location
¥ Location

This wizard generates a Qt Widgets Application project. The application derives by default from

QApplication and includes an empty widget.

Name: [Helchorld

Create in: |/home/adminuser

[ Use as default project location

Browse...

Next> | Cancel

e Qt widgets Application

: Kit Selection
Location

P Kits Qt Creator can use the following kits For project HelloWorld:
[ | = pebug
& = pesktop

® pebug | /homefadminuser/build-Helloworld-Desktop-Debug

& Release | /home/adminuser/build-Helloworld-Desktop-Release

Details =

Manage... Details =

Browse...

Browse...

Next > Cancel
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Hello World project (cont.d)

B Qt Widgets Application

Class Information

Location
Kits Specify basic information about the classes for which you want to generate skeleton source code Files.
& Details
SUMME Class name: [HelloWorld
Base class: QMainWindow =
Header file: helloworld.h
Source File: helloworld.cpp

Generate form: &

Form File: helloworld.ui

< Back Next= || Cancel
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Hello World: main function

main.cpp - Helloworld - Qt Creator

Y F

Projects F V@ H X « # main.cpp ~ | “ main(inkt, char *[]):...s '» B+ X
s v | Helloworld #include "helloworld.h"
Edit @ Helloworld.pro #include <QApplication=

v [ii Headers N .
& ¥ int main(int argc, char *argv[])
|n] helloworld.h - .

Debug {

| ¥ [[g¥ Sources OApplication alargc, argv);
Projecks e+ helloworld.cpp HelloWorld w;
Analyze le«| main.cpp 9 | wShv():
Help v 4 Forms return a.exec();
| helloworld.ui }
HelloWorld v lm QtExamplE
I:' g @ QtExample.pro

» iy Headers
¥ g Sources
ke« gtgnuplotlib-example.cj
le«| visualization.cpp
> @ Forms

Debug

A

|Hl ©- Type to locate (Ctr 1l Issues fiFal Sea... i) App...JEd Co... =) QM...
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Hello World: main function (cont.d)

e The QApplication object contains the main event loop, where all
events from the window system, the keyboard, the mouse, etc. are
processed and dispatched.

e There is only one QApplication object in a Qt GUI application.
e app.exec(); makes the QApplication enter is event loop.

 The application is compiled and executed with the first green
Rlawy: hutkon:

e The “Play” button with the bug initiates a debugging session.
e The “Hammer” button builds the project

e In order to build the project from command line run:
Sgmake (generates the Makefile)

Smake
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Hello World: main function (cont.d)

e A Qt GUI component is defined in the main class after
the QApplication

e Usually the main window of the app is defined here
e HelloWorld class inherits QMainWindow class

e The main window is shown with the call: w.show();
e QMainWindow inherits QWidget class
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Qt Class Hierarchy (fragment)

QObject

/N

QThread QWidget
A
QAbstractButton QFrame QProgressBar
/ \ A
QCheckBox QPushButton QR adicButton QAbstractScrollArea QlLabel
QGraphicsView QTextEdit
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Project configuration file

Helloworld.pro - HelloWorld - Qt Creator
Projects F . @ H X € ¢ Helloworld.pro = Line: 21, Col: 1 B+ X

¥ | Helloworld B o m e
iz Helloworld.pro # _
v [iji Headers j Project created by QtCreator 2015-12-14T21:16:37
nell ] helloworld.h B
[ ¥ ligd Sources
P e helloworld.cpp qr += core gui
- Ll main.cpp greaterThan(QT MAJOR VERSION, 4): QT += widgets
Help v @ Forms
« helloworld.ui TARGET = HelloWorld
HelloWorld | lm QtExamplE TEMPLATE = app
i QtExample.pro
> i Headers SOURCES += main.cpp\
¥ i@ Sources helloworld. cpp
IE:' qltgnulplol.:lib—example.q HEADERS += helloworld.h
le«| visualization.cpp
> & Forms IFDHMS += helloworld.ui
21

[Nl °- Type to
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Project configuration file (cont.d)

-
e QT: indicates what libraries are used in the project

e TARGET: indicates the name of the application
e TEMPLATE: indicates the build type (app or library)

e SOURCES / HEADERS: source and header files of the
app (apart from generated ones)

e FORMS: xml files representing the GUI structure of a
widget
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Qt Designer

Filter

Il Scroll Area
B Tool Box
s BN [ Tab widget
- @ stacked widget
=] Frame
7] widget
[H mdiArea
[_j Dock widget

Design

Input Widgets

Combo Box
E Font Combo Box

Line Edit

Text Edit

AL it

Bl £~ Type to locate (CEr

Sender 2  Signal

Action Editor | Signals & Slots Editor

Issues Searc... =) Appli...

Receiver

¥

il Com...

Object
¥ Helloworld

v % centralwidget [~] Qwid

pushButton

textBrowser
menuBar
mainToolBar
statusBar

Class
QMai...n

Ed QPu...]
41 QTe...
QMenuB
QToolBar

Q5statusBi-
) b

Filter

J- —_— &

- ¥ -

textBrowser : QTextBrowser

FProperty Value
= - [
objectName textBrowser
enabled &
f geomekry ” [(10, 40), 1, =
m SR '
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Qt Designer

e GUI components (widgets) can be added to a window
with Qt Designer.

e Widgets are added with drag and drop.

e Widget design properties can be set by the property
editor shown in the lower left side of Qt Designer view.
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Generated helloworld.ui file

Welcome

Edit

Design

Debug

Projecks

Analyze

Help

HelloWorld

Projects

¥ i Helloworld

helloworld.ui - HelloWorld - Qt Creator

Y @ H X + * helloworld.ui

([ Helloworld.pro

¥ [y Headers

|n] helloworld.h
¥ ligd Sources
[e«] helloworld.cpp
&‘. main.cpp
¥ [@ Forms

L helloworld.ui

v [@ QtExample

.ﬁ;. QtExample.pro

iy Headers
¥ iz Sources

Switch Mode

This file can only be edited in Design mode.

<?xml version="1.8" encoding="UTF-8"7=
¥ <ul version="4.0">
<class>HellowWorld</class=
<widget class="OQMainWindow" name="HellowWorld"=
<property name="geometry"=
=<rect>
<x>8</ x>
<y=8</y>
<wildth=22@</width>
<height>145</height>
</rect>
</property>
<property name="windowTitle"=
=string=HelloWorld=/string=

ke« qtgnuplotlib-example.c _ </property>

g‘. visualization.cpp

¥ i@ Forms

L# visualization.ui

<widget class="QWidget"” name="centralWidget"=
=<widget class="QPushButton" name="pushButton"=
<property name="geometry"=
<rect=
B [ T
ﬁy}ﬂqjy:
=width>09</width=
<height=27</height>
</rect>
</property>
<property name="text"=

[l ©- Type to l¢

ncate (CEr

- Issues Search Results H Application Dutputn Compile Output . =il QML/JS Console _
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HelloWorld class definition

Projects
¥ | Helloworld

Welcome |

Debug

Projecks
Analyze

Help

HelloWorld

helloworld.h - HellowWorld - Qt Creator
@ H X « »

ol e |
* | Us

. Helloworld.pro

v [ui Headers
h| helloworld.h

¥ |lgd Sources
ie«| helloworld.cpp
e« mMain.cpp

v |8 Forms
" helloworld.ui

v [@ QtExample

I QtExample.pro
* k4 Headers
¥ [ig Sources
e« gtgnuplotlib-example.cj
le= visualization.cpp
v |i& Forms
 visualization.ui

(I O~ Ty

pe to locate (Ctr

4

helloworld.h s

kifndef HELLOWORLD H
#define HELLOWORLD H

<Select symbol>

#include <0MainWindow=

namespace Ui {
class HelloWorld:

¥
class HelloWorld : public QMainWindow
1
0 _OBJECT
public:
explicit HelloWorld(QWidget *parent = 8);
~Helloworld();
private:
Ui::HelloWorld *ui;
}:

#endif // HELLOWORLD H
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HelloWorld class definition (cont.d)

e Qtextends C++ with a meta-object system allowing
run-time introspection which enables the signal-slot
object communication mechanism, dynamic properties,
etc.

e GUI components must contain the Q_OBJECT macro to
support the extensions.

e The moc meta-object compiler reads the C++ header
file. If it finds one or more class declarations that
contain the Q_OBJECT macro, it produces a C++ source
file containing the meta-object code for those classes.
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HelloWorld class definition (cont.d)

e The explicit keyword in the constructor prevents implicit
conversions to instantiate an object

e The constructor argument defines the parent of a QObject.
Thus, object hierarchies are created.

e Object hierarchies are part of Qt memory management.
When a parent QObject is deleted, all its children in the
hierarchy are also deleted.

e Child GUI components are rendered in the same window.

e The code for the Ui::HelloWorld class is generated by uic
(User Interface Compiler) according to the ui xml file.
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Generated Ul header file

ui_helloworld.h - Helloworld - Qt Creator

Projects T V.2 H X ¢ # ui helloworld.h =  <No Symbols>

e v [ Helloworld #include <QtWidgets/QMainWindow=
2 #include <0QtWidgets/OMenuBar>
g Helloworld.pro #include <QtwWidgets/0StatusBar=

v 4 Headers #include <QtWidgets/QToolBar>
|| helloworld.h #include <0QtWidgets/QWidget>
"= ki 07 BEGIN NAMESPACE
Projects > [i& Forms - -

Analyze | [MRE QtExample ¥ class Ui_Helloworld

it QtExample.pro (-
e > [ii Headers ey
= OMenuBar *menuBar;
HelloWorld > ligd Sources QToolBar *mainToolBar;
[::] > & Forms Owidget *centralWidget;
= ! QStatusBar *statusBar;

Debug
vold setupUi(QMainWindow *HelloWorld)

if (HelloWorld->objectName().isEmpty())
HelloWorld->setObjectName(QStringLiteral("He

HellowWorld->resize(408, 308);

menuBar = new QMenuBar(Helloworld);

meuuﬂar;ziﬂlﬂhiegiﬂamejDStrinuLiteraIf"menuBartl'

| Bl ©- Type to locake (CLr
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HelloWorld class implementation

helloworld.cpp - Helloworld - Qt Creator

Projects T . @ H X ¢« # helloworld.cpp +  <Select Symbol=> + » B+ X

RS ¥ i Helloworld 1 Pinclude "helloworld.h”
i Helloworld.pro #include "ui_helloworld.h"

=]
¥ [&n Headers HelloWorld: :HelloWorld (OWidget *parent)

in] helloworld.h OMainwindow(parent},
Debug ¥ [[lgd Sources ui{new Ui::HelloWorld)
Projects i« helloworld.cpp { : g
&R main.c ui-»setupli(this);
Analyze 1 PP I
> @ Forms
Help v [ QtExample HellowWorld: :~HelloWorld()
HelloWorld i QtExample.pro { _
- :
I:I > [ Headers } Iereteil
- > |igd Sources
Debug » & Forms

Bl ©- Type to locate (Ctr lliss... [E se... lE] Ap... ) co... lH Q... IE =
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HelloWorld implementation (cont.d)

e The constructor of HelloWorld invokes the
constructors of QMainWindow and Ui::HelloWorld
generated class.

e The User Interface components are initialized with
setupUi(this) invocation.
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Signals and Slots

-
e The communication between objects is performed through
the signal-slot mechanism.

e Signals are emitted from objects when specific events
happen.

e (Qtwidgets have predefined signals. Widgets are subclassed
to add user-defined signals.

e Signals are public access functions in a QObject with no
return types (return void).

e [tisrecommended to emit them only from the class itself
and its subclasses .

e Signals are automatically generated by the meta-object
compiler and must not be implemented in the .cpp file
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Signals and Slots

Slots are normal member C++ functions declared as slots.
A slot is called when a signal connected to it is emitted.

Slots are called when a connected signal is emitted
regardless of their access level (even if private).

The signature of a signal must match the signature of the
receiving slot.

Signals are connected with slots through the call of:

QObject::connect(const * sender, const char * signal, const -
receiver, const char * method, type = Qt::AutoConnection)

There are slots automatically connected with signals
through the user interface compiler (according to standard
naming conventions)

K23y - Avamtuén Aoylouikov yia AAyoptOuikd MpofAnpata: @povtiotplo 28



Signal / Slot example

#include <QObject>

e === (eunt=r . w1l @& {
( (RIECT
ool e @o e
el = 0
}
int value() const ({
Lo lirE 1,
}
T s o
void setValue (int wvalue) ;
signels:
void valueChanged (int newValue) ;
private:

i W vl

)

void Counter::setValue (int value)
{
. 5
i e = Al

emit valueChanged (value) ;

Counter a, b;
QO0bject: :connect (&a, &Counter: :valueChanged,
&b, &Counter::setValue) ;

/*a.value() == 12, b.value() == 12*/
a.setValue (12) ;
/* a.value () == 12, b.value() == 48*/

b.setValue (48) ;
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Signal / Slot automatic connection

Welcome

Edit

Debug

Projects

Analyze

Help

HelloWorld

helloworld.ui

[ | scroll Area
E Tool Box
B Tab widget

E Stacked Widget

Go to slot

7 Select signal

tonaled(honl)

DAhstractButton

-

5

clicked(bool) QAbstractButton
pressed() QAbstractButton
released() QAbstractButton

{

¥ Helloworld (

v & centralwidget [

pushButton i
textBrowser

menuBar q

mainToolBar (

statusBar

shButton : QPushButton
perty Valy-
sizePolicy [Mfr] |
Horizontal P... Mini_
Vertical Policy Fixe
Horizontal st... 0
Vertical Stre... |0

]
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Signal / Slot automatic connection (2)

#1fndef HELLOWORLD H
#define HELLOWORLD H

#include <QMainWindow=

namespace Ui {
class Helloworld;

}

class Helloworld : public QMainWindow

{
0 OBJECT

public:
explicit HelloWorld(QWidget *parent = 0);
~HelloWorld():

private slots:
vold on_pushButton clicked();

private:
Ui::HelloWorld *ui;
+i

#endif // HELLOWORLD H

#include "helloworld.h"
#include "ui helloworld.h"

Helloworld: :HelloWorld(0OWidget *parent)
OMainwindow(parent),
ui{new Ui::HelloWorld)

{
ui->setupUi(this);
}
Helloworld: :~HelloWorld()
{
delete ui;
}
void HelloWorld::on pushButton clicked()
{
ui->textBrowser->setText(0String("Hello World!"));
}
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Event system

In Qt, events are objects, derived from the abstract QEvent class,
that represent things that have happened either within an
application or as a result of outside activity that the application
needs to know about.

Standard eventelasses:t R e, @R ER v
OMouseEvent, QKeyEvent, and QCloseEvent

The normal way for an event to be delivered is by calling a virtual
function. If you do not perform all the necessary work in your
implementation of the virtual function, you may need to call the
base class's implementation.

Events are delivered to a specific QObject according to their
context.

K23y - Avamtuén Aoylouikov yia AAyoptOuikd MpofAnpata: @povtiotiplo

32



Event handler example

e
vold MyCheckBox: :mousePressEvent (QMouseEvent *event)

{

1 (esent o anlreonmty O ] e FERGE 6]
/| handle 1eff mollece Lliton here
} else {

e o DElis olleEOiE B0 boss @ o

QCheckBox: :mousePressEvent (event) ;
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Event filters

e Sometimes an object needs to look at, and possibly intercept,
the events that are delivered to another object.

s s o B e S s na e O Gleie® aie s eE
QMainWindow (parent),

ey gt el c1al | 2 0F )

Ui Pl (ELL 2

widget = new QtGnuplotWidget ()
widget->installEventFilter (this) ;
widget->setStatusLabelActive (true);
instance = new QtGnuplotInstance () ;

instance->setWidget (widget) ;
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Event filters (2)

beol Visualizetion: icverntlb i lter (UOpeet "oby, OFvent —ecvens )

{

if (event->type () == QEvent::MouseButtonPress)
{
L@ ey == Gl cige i |
Ol e meuscRaent - o iC g0t Doy Rl 0 el
if (mouseEvent ~blutten() —— 0Ot::leftButten) |

uni-courputxt-—cetText ( this-—widget-—>getStatuslebe (J~>text ()] ;

}

return QObject::eventFilter (obj, event);
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QtGnuplot

e QtGnuplotlibrary provides 2 basic classes:
- QtGnuplotWidget (subclass of QWidget)
- OfGnuplotlInstance

e The first class is a QWidget where Gnuplot plots are
painted.

e The second class is an interface to the Gnuplot program
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QtGnuplot example

#1fndef VISUALIZATION H
#define VISUALIZATION H

#include <0MainWindow=
#include <0tGnuplot/0tGnuplotWidget.h=
#include <0tGnuplot/QtGnuplotInstance.h=

namespace Ui {
class Visualization;

¥
class Visualization : public OMainWindow
{
0 _OBJECT
public:
explicit Visualization(QWidget *parent = 8);
~Visualization();
private:
OtGnuplotWidget *widget;
0tGnuplotInstance *instance;
protected:
bool eventFilter(QObject *obj, QEvent *event);
private slots:
void on_actionExit triggered();
void on_actionOpen_triggered();
void on_pushButton clicked();
private:

Ui::Visuvalization *ui;
I

#endif // VISUALIZATION H

Visualization::Visualization(QwWidget *parent)
OMainWindow(parent),
uilnew Ui::¥isualization)

ui-=setupli(this);

widget = new QtGnuplotWidget();
widget-=installEventFilter(this);
widget-»setStatusLabelActive(true);
instance = new QtGnuplotInstance();
instance->setWidget (widget);

bool Visualization::eventFilter(QObject *obj, QEvent *event)

{
if (event->type() = QEvent::MouseButtonPress)
if {obj == this-»widget) {
OMouseEvent *mouseEvent = static cast<QMouseEvent *>(event);
if (mouseEvent-=button() == 0Ot::LeftButton) {
ui-=outputTxt-=setText( this-swidget-=getStatusLabel()-=text());
}
}
}
return QObject::eventFilter({obj, event);
}

K23y - Avamtuén Aoylouikov yia AAyoptOuikd MpofAnpata: @povtiotiplo 37



QtGnuplot example (2)

void Visualization::on pushButton clicked()

{
widget->show();
widget->resize((5ize(800,600));
*nstance <<

"set yrange [-1.5:1.5]\nset xrange [-1.5:1.5]\nset isosamples 500,500\nf(x,y)= x**2+y**2-1\nset contour\nset cntrparam levels discrete 8\nset view 0,0\nunset ztics\nunset surface\nsplot flx,y)\n";
/[*instance << "set tics scale 0.75\nset xtics 1\nset ytics 1\nset yrange [-10:18]\nset xlabel 'x"\nset ylabel 'y'\nset zeroaxis\nplot \"<echo 'l 2'\" notitle\n"

e The uncommented line plots a circle. In order to do that we take
the contour line of the functionz =f(x,y)atz=0

e The commented line plots a point in a 2-dimensional diagram.
e Documentation concerning Gnuplot commands can be found in:

e Helpful material can be found in:
and
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