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User Interfaces

Interfaces de�ne the dialogue with the user,
which concerns mainly input and output.

Compared to prompting and printing of command line
interfaces, graphical user interfaces offer

1 a friendly face of the program

2 give the user control of the actions via buttons to press
GUIs are event driven

3 one picture says more than one thousand words

Good design: interface is separate from the software that
does the calculations or the transactions.
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Tkinter, Tk, and Tcl
GUIs for Python programmers

The Tkinter (= Tk interface) library provides
an object-oriented interface to the Tk GUI toolkit,
the graphical interface development tool for Tcl ,
Tk = Tool Kit, Tcl = Tool Command Language.

Bene�t: platform independent GUI development.
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GUI programming in Python

Tkinter is a toolkit available to Python as a module:

>>> import Tkinter

Often it needs to be installed separately.

There are alternative toolkits to build GUIs in Python.

Principles of GUI programming transfer to other toolkits.
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Object Oriented GUI
Programming

We will develop our GUIs in an object oriented manner.

The constructor of our class de�nes

1 the data attributes of the GUI
2 the graphical appearance:

1 which widgets we will use
2 the position of the widgets in the window

The actions triggered by buttons are coded
in separate methods of the class.
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A moving Billiard Ball

Consider a billiard ball rolling over a pool table,
bouncing against the edges of the table.

We will develop �rst a very basic GUI
and then later add extra features.

Basic elements of the GUI:

1 drawing on canvas

2 buttons call for action

3 animation of the rolling ball

Goal of this lecture: cover enough

1 to start project one

2 to use in recursive drawings later
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Speci�cations of the GUI

A GUI consists of several components (called widgets).

Our �rst basic layout uses

1 a canvas to draw a ball

2 a button to start the animation

3 a button to stop the animation

Actions triggered by buttons:
1 start:

1 the initial position of the ball is random
2 the ball start rolling in a random direction,

bouncing off against the edges of the table

After a stop, the balls rolls from the previous position,
but in a different random direction.

2 stop: the animation stops
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Object Oriented Design

from Tkinter import *
import random,math

class BilliardBall():
"""
GUI to simulate billiard ball movement.
"""
def __init__(self,wdw,dimension,increment,delay):

"determines the layout of the GUI"

def animate(self):
"performs the animation"

def start(self):
"starts the animation"

def stop(self):
"stops the animation"
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the main program

def main():
top = Tk()
dimension = 400 # dimension of pool table
increment = 10 # increment for coordinates
delay = 60 # how much sleep before update
show = BilliardBall(top,dimension,increment,\

delay)
top.mainloop() # start the event loop

if __name__ == "__main__": main()

The code for the class is considered as a module.
The last line allows to run the module directly as a script,
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The Constructor __init__

The object data attributes are

1 constants: dimension, increment, and delay
are the parameters of the GUI

2 variables:
1 go: animation on or off
2 x: x coordinate of the ball
3 y: y coordinate of the ball

3 widgets:
1 canvas spans two columns, in row 0
2 start button on row 1, column 0
3 stop button on row 1, column 1
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Code for __init__

def __init__(self,wdw,dimension,increment,delay):
"determines the layout of the GUI"
wdw.title('a pool table')
self.dim = dimension # dimension of the canvas
self.inc = increment
self.dly = delay
self.go = False # state of animation
# initial coordinates of the ball
self.x = random.randint(10,self.dim-10)
self.y = random.randint(10,self.dim-10)
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Canvas and Buttons
code for __init__ continued

self.c = Canvas(wdw,width=self.dim,\
height=self.dim,bg ='green')

self.c.grid(row=0,column=0,columnspan=2)
self.b0 = Button(wdw,text='start',\

command = self.start)
self.b0.grid(row=1,column=0,sticky=W+E)
self.b1 = Button(wdw,text='stop',\

command = self.stop)
self.b1.grid(row=1,column=1,sticky=W+E)

The buttons trigger actions start() and stop() which
are methods of the BilliardBall class.
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self.b1 = Button(wdw,text='stop',\

command = self.stop)
self.b1.grid(row=1,column=1,sticky=W+E)

The buttons trigger actions start() and stop() which
are methods of the BilliardBall class.
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methods stop() and start()

def stop(self):
"stops the animation"
self.go = False

def start(self):
"starts the animation"
self.go = True
self.animate()

The animate method will

1 draw the ball on canvas

2 generate a random direction

3 move the ball in the direction using increment,
as long as go == True

4 update the canvas after a delay
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4 update the canvas after a delay
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the method animate()

def animate(self):
"performs the animation"
self.DrawBall()
angle = random.uniform(0,2 * math.pi)
vx = math.cos(angle)
vy = math.sin(angle)

while self.go:
x = self.x; y = self.y
self.x = x + vx * self.inc
self.y = y + vy * self.inc

self.c.after(self.dly)
self.DrawBall()
self.c.update()
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the method DrawBall()

The ball is represented as a red circle,
with a radius of 6 pixels:

def DrawBall(self):
"draws the ball on the pool table"
x = self.MapToTable(self.x)
y = self.MapToTable(self.y)
self.c.delete('dot')
self.c.create_oval(x-6,y-6,x+6,y+6,width=1,\

outline='black',fill='red',tags='dot')

As the ball moves, the values of the coordinates
may exceed the canvas dimensions.
With MapToTable() we get the bouncing effect.
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the method MapToTable()

On canvas: (0,0) is at the topleft corner.
Recall that self.dim stores the number of pixel rows and
columns on canvas.

def MapToTable(self,p):
"keeps the ball on the pool table"
if p < 0:

(q,r) = divmod(-p,self.dim)
else:

(q,r) = divmod(p,self.dim)
if q % 2 == 1:

r = self.dim - r
return r

Imagine a succession of pool tables next to each other.
When the quotient q is odd, we re�ect,
otherwise we copy remainder r .
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Adding more Features
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Additions to the GUI

Four other types of widgets:

� Entry for accepting input or for output.

� Scale to regulate the speed,
providing bounds and a default value.

� Label to provide some comment.

� Checkbutton to optionally draw paths.

An extra clear Button clears the canvas.



MCS 275 L-5

22 Jan 2010

User
Interfaces
GUIs in Python with
Tkinter

object oriented GUI
programming

Simulating a
Bouncing Ball
layout of a basic GUI

Canvas and Button
widgets

methods stop, start,
animate

methods DrawBall()
and MapToTable()

A more fancy
GUI
Entry, Label, Scale,
and Checkbutton

Additions to the GUI

Four other types of widgets:

� Entry for accepting input or for output.

� Scale to regulate the speed,
providing bounds and a default value.

� Label to provide some comment.

� Checkbutton to optionally draw paths.

An extra clear Button clears the canvas.



MCS 275 L-5

22 Jan 2010

User
Interfaces
GUIs in Python with
Tkinter

object oriented GUI
programming

Simulating a
Bouncing Ball
layout of a basic GUI

Canvas and Button
widgets

methods stop, start,
animate

methods DrawBall()
and MapToTable()

A more fancy
GUI
Entry, Label, Scale,
and Checkbutton

Additions to the GUI

Four other types of widgets:

� Entry for accepting input or for output.

� Scale to regulate the speed,
providing bounds and a default value.

� Label to provide some comment.

� Checkbutton to optionally draw paths.

An extra clear Button clears the canvas.



MCS 275 L-5

22 Jan 2010

User
Interfaces
GUIs in Python with
Tkinter

object oriented GUI
programming

Simulating a
Bouncing Ball
layout of a basic GUI

Canvas and Button
widgets

methods stop, start,
animate

methods DrawBall()
and MapToTable()

A more fancy
GUI
Entry, Label, Scale,
and Checkbutton

Additions to the GUI

Four other types of widgets:

� Entry for accepting input or for output.

� Scale to regulate the speed,
providing bounds and a default value.

� Label to provide some comment.

� Checkbutton to optionally draw paths.

An extra clear Button clears the canvas.



MCS 275 L-5

22 Jan 2010

User
Interfaces
GUIs in Python with
Tkinter

object oriented GUI
programming

Simulating a
Bouncing Ball
layout of a basic GUI

Canvas and Button
widgets

methods stop, start,
animate

methods DrawBall()
and MapToTable()

A more fancy
GUI
Entry, Label, Scale,
and Checkbutton

Scale to regulate Speed

Extra code in constructor:

self.dly = IntVar()
self.s = Scale(wdw,orient='vertical',\

from_=0,to=200,tickinterval=20,\
resolution=1,length=dimension,\
variable=self.dly)

self.s.grid(row=1,column=0)
self.s.set(delay)

We must set self.dly as an IntVar() .
The initial default is set to delay .

In animate() : self.c.after(self.dly.get())
will get the current value of self.dly .
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Label to provide Comment

Extra code in constructor:

self.L = Label(wdw,text="delay",justify=LEFT)
self.L.grid(row=0,column=0)
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Entry to see the Coordinates

Extra code in constructor:

self.ex = Entry(wdw) # for x value
self.ex.grid(row=0,column=1)
self.ex.insert(INSERT,"x = ")
self.ey = Entry(wdw) # for y value
self.ey.grid(row=0,column=2)
self.ey.insert(INSERT,"y = ")
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method ShowCoordinates

In DrawBall() we add self.ShowCoordinates(x,y)
de�ned by

def ShowCoordinates(self,x,y):
"show coordinates in entry fields"
sx = 'x = %d' % x
sy = 'y = %d' % y
self.ex.delete(0,END)
self.ex.insert(INSERT,sx)
self.ey.delete(0,END)
self.ey.insert(INSERT,sy)
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a Checkbutton for an option

Extra code in constructor:

self.path = IntVar()
self.cb = Checkbutton(wdw,text="draw path",\

variable=self.path,onvalue=1,offvalue=0)
self.cb.grid(row=0,column=3)

An extra object data attribute path is set to IntVar() .
When the user checks, the value for path
becomes 1 (or 0) when it was 0 (or 1).
In animate() we add:

if self.path.get() == 1:
self.DrawPath(x,y,self.x,self.y)
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method DrawPath

def DrawPath(self,x0,y0,x1,y1):
"draws the line from (x0,y0) to (x1,y1)"
px0 = self.MapToTable(x0)
py0 = self.MapToTable(y0)
px1 = self.MapToTable(x1)
py1 = self.MapToTable(y1)
self.c.create_line(px0,py0,px1,py1,width=2)
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Exercises

All exercises concern modi�cations to billiards.py :

1 Adjust the GUI to work for rectangular pool tables.

2 Modify the GUI to use the Entry widgets to allow the
user to enter the initial position of the ball.

3 Add an extra check button to give the user the option to
either enter the initial position of the ball, or to let the
computer generate random coordinates.

4 Add an extra row to the GUI, displaying in two Entry
widgets the coordinates of the direction vector.

5 Add an Entry widget that will display the distance the
ball has traveled. The value displayed in this Entry
widget should change as the ball rolls.
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Summary and Assignments

Background material for this lecture:

� lectures 30, 31, and 32 of Fall'08 mcs 260 at
http://www.math.uic.edu/ � jan/mcs260f08

� a good manual is at

http://infohost.nmt.edu/tcc/help/pubs/tkinter.pdf

� www.python.org has plenty of documentation


	User Interfaces
	GUIs in Python with Tkinter
	object oriented GUI programming

	Simulating a Bouncing Ball
	layout of a basic GUI
	Canvas and Button widgets
	methods stop, start, animate
	methods DrawBall() and MapToTable()


