Python GUI Programming
and the
PyQt Python Qt Bindings

EECS 448

Dr. Douglas Niehaus
Jared Straub

EECS 448 1 D. Niehaus and J. Straub © 2010



Overview

« GUI programming has be come ubiquitous and is an
important part of any SWE's tool chest

* You may find it worthwhile to create a GUI for
various tools or programs you create

* You may find it helpful to understand some of the
basics of how a GUI you use works
« GUIs commonly use an event driven programming
model with which it is good to get some experience
« The most familiar component of a GUI: Widget

« Huge variety of widgets arranged in class
hierarchies of sometimes amazing complexity

« Widgets are among the most fundamental of classes,
but not always the most fundamental
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Overview

Many widget sets exist for many platforms
« TK, wxWidgets, GTK, QT, FLTK, etc
 All these started on Unix/Linux

The TK widgets were the first popular set of open
source widgets

» Developed with the TCL scripting language
 Later Perl, Python and other bindings created

 Innovative in early 90's but considered clunky by
today's standards

« Many GUI applications still use them

GTK developed as part of the GIMP program but
then became popular as Gnome default
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Overview

Qt widgets developed by TrollTech as part of the
KDE environment

* Very popular but dual licensing restricted their
popularity to some degree

« Commercial funding of their development resulted
in a large, powerful, and complex widget set

* Nokia bought TrollTech in 2008 and have made
QT C++ implementations available under LGPL

* Free for use as part of commercial products

GTK, Qt and wxWidgets are probably the most
powerful cross platform widget sets

« Qt probably the best choice given LGPL
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Overview

« Python bindings for the Qt C++ widgets, PyQt, have
been produced by River Bank Computing

« Qt4 widgets are the most recent and preferred
* http://www.riverbankcomputing.co.uk/software/pyqt/intro

« Nokia had licensing talk conflicts with River Bank,
and so they are creating their own — PySide

* WWW.pPYSside.org

« We are using the Qt widgets because they are
popular, highly developed and now under the LGPL
license

« We are doing a GUI based project because: you are
familiar with GUIs as users, it is good to know how to
create one, and the event-driven programming model
Is unusual outside of GUlIs
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Event Drive Programming

» Vast majority of an event-driven program is passive
code waiting for events to evoke reactions
« Very few event sources

» Keyboard and mouse
e Timers
* /O ports

« Initialization of the program establishes all the basic
elements and relationships among them

« Widgets have specific reactions associated with
specific events through call-back routine registration

« Qt Terms: Signals (events) and Slots (routines)

* Program then falls into the main “event loop” where
events are processed as they occur
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Event Drive Programming

« Event-driven programming model of GUI systems
thus relies fundamentally on the association of
events and handlers (call-back routines)

« Wide range of widgets are familiar to most modern
computer users

« Buttons(basic,radio,check), Menus, scrollbar,
scales, progress, labels, frames

« Text view, tree view, images, windows, etc

« GUI is built by creating sets of widgets to represent
aspects of the application and associating events
with application actions in the signal handlers

« Sections of the GUI represent subsets of the
application state variables
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GUI Designh — 10,000 Foot View

« Determine what set of information provides relevant
views of the application domain

e Determine how the information is best presented to
the user using the available GUlI components

« Group related sets of application together

» Design a corresponding GUI to present the data
« Some is Read-only, some is changeable

» Applications sometimes have operating modes,
which then have corresponding GUI state changes

» Actions in an application are most often represented
using buttons and menu items

« Associated GUI components with specific data
components and operations using callback functions

EECS 448 8 D. Niehaus and J. Straub © 2010



GUI Design — 1,000 Foot View

» Resources to learn about widgets
« WWW
« Google
e On-Line Tutorials
 Documentation
» /usr/share/doc/PyQt4-devel-4.7.3/html
 classes.html
e modules.html

« Example Code

e /usr/share/doc/PyQt4-devel-4.7.3
* Wide range of examples of varied complexity
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GUI Designh — 100 Foot View

» frame » slots and signals
 |label e timers

 text entry box e tree-view

o text area e |ist-view

« combo-box » dialogue box

 toggle-button
check-buttons
radio-buttons

e color picker
« file dialogue

: slider * generic (OK, CANCEL)
* Drawing Area * progress bar
 tab (notebook)  calendar
» Layouts  Menu
» HBox, Vbox  Many, Many, Many, more

e Grid

EECS 448 10 D. Niehaus and J. Straub © 2010



Widget Example Code

 /usr/share/doc/PyQt4-devel-4.7.3/examples/widgets
« Make your own copies and HACK!

« analogclock.py
* Very simple semantics

e Fairly subtle code drawing clock face minute and
5-minute ticks, also clock hands

* Note period of timer is 1000 milliseconds
 Clock hand position moves very smoothly
 calculator.py
* Lots of Buttons, Grid layout
 Local Button class to control look and feel

« CreateButton() method also handled Slot
connection
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Widget Example Code

o digitalclock.py
« Qt even has an LCD display style widget!

« Basis of dc0.py — dc3.py set of commented
iterative development examples in PyQt Lab
example code

e groupbox.py
e |t Is often convenient to group sets of widgets
 Also used to enable access to groups of widgets
e Used in dc0.py — dc3.py examples
 lineedits.py
» Text entry and editing boxes
 Single line text, not text areas
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Widget Example Code

 scribble.py
» Simple drawing illustrates Drawing Area

 Also simple menus — needs a fix! (4.6 -> 4.7)
o text = QtCore.QString.fromAscii(format.toUpper() + "...")

 sliders.py

 Sliders, spin boxes, connected to each other

* Dials too

« Many interesting widgets
* spinboxes.py

» A spinbox of every type | knew, and few more
 styles.py

« Tab widget, table input, progress bar and other
interesting elements
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Widget Example Code

o tetrix.py
« Simple version of a familiar game
* On-line tutorial gave a simplified version

* We took that one and morphed it some more for
the lab example code and exercise

* Welcome to open source!
* tooltips/tooltips.py
» Drawing shapes, associated tooltips
* wiggly.py
* Bouncing text in very little code
« Obvious place to learn a bit about animation
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Digital Clock Iterative Refinement

» Started with widgets/digitalclock.py
« dc0.py added comments
» dc1.py added a quit button

 dc2.py added a group of radio buttons adjusting
the clock format

» dc3.py cleaned up the look of dc2.py
* Vbox and Hbox layouts
« Frames used for visual grouping
« Signals and slots used for format change notification

« ButtonGroup used to help implement the format
change logic

 Timer used to control clock, with different rates for
different formats
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Tetris Extension Example

« Use frames and layout to add an LCD clock to the
tetris game measuring game duration

« Extremely similar to existing code in dc*.py series

« Opportunity to extend the game in various ways

e Time limit
* Add a second clock: time since last line removal
« Add configuration box for Command/Key pairing
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Conclusions

PyQt is a powerful environment for implementing a
wide range of GUI based applications
Experimentation is easy to get started with, and
iInteresting results can come quickly

* Real expertise takes longer, of course

Target platform for the semester project, so worth
playing with!
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