Graphical User Interfaces

0 Object-Oriented Design of GUIs
@ a GUI to evaluate expressions
@ making colors with scale widgets

9 Visualizing pol yfi t
@ adding data points with mouse clicks
@ applying inheritance to visualize pol yfi t
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Graphical User Interfaces

a Object-Oriented Design of GUIs

@ a GUI to evaluate expressions
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evaluating expressions

Ega_!l._fa_l}e Expressions |
f(x) = expl-x**2)*sin{x) x = 0.43 (equals ) 0.34649775775513464

The GUI shown above uses the following widgets:
@ 2 label widgets to document entry widgets,
@ 2 entry widgets to enter inputs & 1 to display results,
@ 1 button to perform the evaluation.

Object-oriented design of the GUI:
@ _init__ defines the layout of the GUI,
@ actions of the GUI are implemented by the methods.
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structure of gui eval . py

from Tki nter inport =
frommath inport =
cl ass Eval Fun():

GUl to eval uate user given expressions.

def __init_ (self,wdw):
"Determ nes the layout of the QU ."

def calc(self):
"Eval uates the function f at x."
def main():
top = Tk()
eva = Eval Fun(top)
t op. mai nl oop()

if _ nane =" min_": min()
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label, entry & grid manager

def __init_ (self,wdw):
"Determnes the layout of the GU ."
wdw. titl e("Eval uate Expressions")

sel f

. L1 = Label (wdw, text="f(x) =")
sel f.
sel f.
sel f.
sel f.
sel f.
sel f.
sel f.
sel f.
sel f.

L1. grid(row=0)

L2 = Label (wdw, text="x =")
L2. gri d(row=0, col um=2)

= Entry(wdw)
.grid(row=0, col um=1)

= Entry(wdw)
.grid(row=0, col um=3)

= Entry(wdw)
.grid(row=0, col um=5)

=~ = @O @ — —

The gri d defines the placement of a widget in the window.
Rows and columns start at zero.
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the button

def __init_ (self,wdw):

sel f.b = Button(wdw, t ext ="equal s",
conmand=sel f . cal c¢)
sel f. b. grid(row=0, col um=4)

def calc(self):
"Eval uates the function f at x."
sel f.r. del et e(0, END)
x = float(self.e.get())
y = eval (self.f.get())
self.r.insert(lNSERT,Yy)

Note: cal c is defined after the button layout.
What comes from an entry widget has type st ri ng.
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Graphical User Interfaces

a Object-Oriented Design of GUIs

@ making colors with scale widgets
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mixing red, green, blue
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code for one scale

@ The variable set by the scale is a double,
ranging from O to 1 with resolution 1. 0/ 256.

@ After every change in the variable,
the method ShowCol or s is executed.

@ When the GUI starts up, the scale has value 0. 5.
def __init_ (self,wdw):

self.r = DoubleVar() # red intensity
sel f.sr = Scal e(wdw, ori ent="vertical’,
| engt h=sel f. d,
from=0.0,to0=1.0, resolution = 1.0/ 256,
vari abl e=sel f.r, command=sel f. ShowCol or s)
self.sr.set(0.5) # initial value of scale
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showing colors

def ShowCol ors(self,v):
Di splays a rectangle, filled with rgb col or

sel f.sr.get()
g sel f.sg. get()
b sel f.sb. get()
print 'r =%, g=%, r =% %(r,g,b)

r

hr = %2x’ % i nt(255%r)
hg =’ % 2x’ % nt (255%Q)
hb =’ % 2x’ % i nt (255%b)

color ='# + hr + hg + hb

x = self.d/2+1; y = self.d/2+1; d = self.d/2-3

sel f.c.del ete("box")

sel f.c.create_rectangl e(x-d, y-d, x+d, y+d, wi dt h=1,
outline="black’,fill=col or,tags="box’)
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explaining ShowCol or s

Key aspects of the method ShowCol or s:

@ The argument v of ShowCol or s is the value of the scale, but we
need the values of all three intensities.

@ With sel f. sr. get () we get the red intensity.
Green and blue intensities are set by the scales with names sg
and sb respectively.

@ The pri nt writes to the terminal.

@ hr = "% 2x" % i nt(255*r) converts the intensity as a float
in [0, 1] to a two-digit hexadecimal integer.

@ The large rectangle written to canvas has tag box and with this
name we can wipe out the previous color.
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Graphical User Interfaces

9 Visualizing pol yfi t

@ adding data points with mouse clicks
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adding points

adding points with mouse

L )
put mouse inside box to add points 4
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functionality of the GUI

Two main functions of the GUI:
@ add points by clicking mouse on canvas, and
@ delete points by clicking on displayed point.

Points on canvas are pixels, but picking out a pixel for deletion can be
very hard on user.
Points are disks of radius 10 on canvas.

On a canvas with dimensions 400 x 600, we imagine our canvas as
composed of 40 rows and 60 columns.

Pixels are mapped as (248,141) — (25, 14).
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optional output

Launching: $ pyt hon nousept sadd. py out put.

def main():
top = Tk()
r = 40; c = 60; o = Fal se
i mport sys
if(len(sys.argv) > 1):
if sys.argv[1l] == "output’: o = True

show = AddPoi nts(top,r, c, 0)
t op. mai nl oop()

if _ nane == main__

mai n()
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binding mouse events

from Tki nter inport =
cl ass AddPoi nts():

Addi ng points on canvas with nouse clicks.

def Bi ndMbuseEvents(sel f):
Bi nds nouse events to the canvas,
called at the initialization of the GU.
self.c.bind("<Button-1>", sel f.ButtonPressed)
sel f.c. bi nd("<ButtonRel ease-1>",
sel f. But t onRel eased)
sel f.c.bind("<Enter>", sel f.EnteredW ndow)
sel f.c. bind("<Leave>", sel f. Exi t edW ndow)
sel f.c.bi nd("<B1l- Moti on>", sel f. MouseDr agged)
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the constructor

def __init__ (self,wdw,r, c, out put=Fal se):
The wi ndow has one colum, two rows:
+ row 1; a canvas to draw points
+ row 2: a |label to display coordinates

and nessages to the user.
wdw. titl e("addi ng points with nouse")
self.mag = 10 # magnification factor
self.rows =r # number of rows on canvas
self.cols = ¢ # nunmber of colums on canvas
self.c = Canvas(wdw, wi dt h=sel f. magxsel f. col s,
hei ght =sel f. magxsel f. rows, bg="white’')

sel f.c.grid(row=0, col um=0)
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__init__ continued

# to display nmouse position :
sel f. MousePosition = StringVar ()
sel f. MbusePosi tion. set\
("put nouse inside box to add points")
sel f. Posi tionLabel = Label (wdw,
textvari able = sel f. MbusePosition)
sel f. Posi tionLabel . grid(row=1, col utm=0)
# bind nouse events
sel f. Bi ndvbuseEvent s()
self.points =[]
sel f. out put = out put
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mapping pixels

def MapPi xel (sel f, p):
Maps pi xel p working nod sel f. nag.
If self.mag equals 10, then
MapPi xel (248) returns 25,
MapPi xel (141) returns 14.
m = sel f. mag
(x,r) = divmod(p, m
return (x+1 if r > nl2 el se x)
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showing points
def DrawCircle(self,i,j):

Draws a blue circle on canvas wth coordi nates
given at (i,j) by mouse and adds or renoves
coordinates to the |list of points.

if self.output: print 'gettingi =, i, "j =, j
(x,y) = (self.NMapPixel (i), self.MpPixel(j))

i0 = xxself.mag-self.nag/2; i1 =i0 + self.nmag
jO = y*xself.mag-self.mag/2; j1 =j0O + self.nag
name = ' (' +str(x)+, +str(y)+ )’

if not (x,y) in self.points:
self.c.create_oval (i0,j0,i1,j1,
fill="blue",tags=nane)
sel f. poi nts. append((x,y))
el se:
sel f.c. del et e( nane)
sel f. points.renmove((x,Yy))
if self.output: print "list of points :’, self.points
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dragging the mouse

The method MouseDr agged is invoked when the mouse is dragged.
The pixel coordinates are passed and displayed in the label widget

associated to the mouse.
def MuseDr agged(sel f, event):
Di spl ays coordi nates of noving nouse.
sel f. MousePosition.set("dragging at [ " + \

str(event.x) + ", " + str(event.y) + " " +\
" release to draw')
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button pressed & released

def ButtonPressed(self, event):

Di spl ays coordi nates of button pressed.

sel f. MousePosition.set("currently at [ " +\

str(event.x) + ", " + str(event.y) + " " +\
" release to fill, or drag")

def ButtonRel eased(sel f,event):

Di spl ays coordi nates of button rel eased.

sel f. MousePosition.set("drawn at [ " + \
str(event.x) + ", " + str(event.y) + " " +\
" redo to clear")

self.DrawGCircl e(event. x, event.y)
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enter & exit window

def EnteredW ndow(sel f, event):

Di spl ays nessage that nobuse entered w ndow.

sel f. MousePosi ti on. set\
("press nouse to give coordi nates")

def ExitedW ndow self,event):

Di spl ays nessage that npuse exited w ndow.

sel f. MousePosi ti on. set\
("put nouse inside box to add points")
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Graphical User Interfaces

9 Visualizing pol yfi t

@ applying inheritance to visualize pol yfi t
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visualizing pol yfi t

visualizing polyfit ]

degree

put mouse inside box to add points y
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applying inheritance

We do not want to copy all code from nousept sadd. py.
from nousept sadd i nport AddPoi nts
cl ass FitPoi nts(AddPoi nts):

Vi sual i zi ng pol yfit.

def __init__ (self,wdw,r, c, out put =Fal se):

Instantiating AddPoi nt s copies the layout and functionality,
Fi t Poi nt s inherits from AddPoi nt s.
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constructor in Fi t Poi nt s

def __init__ (self,wdw,r, c, out put=Fal se):

W instantiate the AddPoints GU

and add a scale for the degree of

t he polynomial that fits the points.

sel f.addpts = AddPoi nt s(wdw, r, c, out put)

wdw. title("visualizing polyfit")

# define the scale next to the canvas

sel f.degree = IntVar()

self.fitdeg = Scal e(wdw, orient="vertical’,
| engt h=r *sel f. addpt s. mag, | abel =" degree’,
from =0, t 0=5, resol uti on=1,
vari abl e=sel f. degr ee, comand=sel f.Fit)

sel f.fitdeg. grid(row=0, col um=1)
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functionality of Fi t Poi nt's

Three actions:

© Computing the polynomial fitting the data points,
with the degree entered by the scale.

©@ Sampling the polynomial that fits the data
and displaying the graph of the polynomial.

© Deleting the graph is needed
as the user changes the location of the data points.

Every pixed plotted of the polynomial is named f i t d- xxx where d is
the degree and xxx the number of the sample.
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plotting the polynomial

def ShowFit(self,p,d):

Di splays the fitting polynomal p

of degree d.

ap = sel f.addpts

nane = 'fit’ + str(d) + "-"

for i in xrange(O0, ap.rows*ap. nag):
x = float(i)/ap. mg
y = np. pol yval (p, x)
j = yrap.mg

nane = name + str(i)

ap. c. del et e( nane)

ap.c.create_oval (i-1,j-1,i+1,j+1
fill="red", tags=nane)
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erasing a plot

def DeleteFit(self,d):

Deletes the fitting polynonial p

of degree d.

ap = sel f.addpts

name = "fit’ + str(d) + "-"

for i in xrange(O, ap.rows*ap. nag):

nane = name + str(i)
ap. c. del et e( nane)

Scientific Software (MCS 507) graphical user interfaces 24 Sep 2012 30/35



computing the fit

def Fit(self,v):

Calls polyfit and displays
the fitting pol ynom al

ap = sel f.addpts

d = sel f.degree.get()

L = ap.points

i f ap.output:
print 'the points :’', L
print 'the degree :’, d

for i in xrange(len(L),5):
self.DeleteFit(i)
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Fi t continued

if(len(L) > d):
A = np.array([x for (x,y) in L])
B = np.array([y for (x,y) in L])
p = np.polyfit(A B,d)
i f ap.output:
print "fitting polynomal ="
print p
sel f. ShowFi t (p, d)
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Summary + Exercises

A manual of Tkinter is at
http://infohost.nnt.edu/tcc/hel p/ pubs/tkinter. pdf

Exercises:
© Add buttons r andomand cl ear to the GUI to add points with
mouse clicks. When pressed, the button r andomadds a random
point to the list and shows it, while the cl ear button clears the
canvas and clears the list of stored points.
@ Torgbgui . py, add an entry widget to display the code for the
color set by the scales.
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more exercises

© Write Python code to display:

A 0O O calculator

You should not provide any functionality.

© Add functionality to the calculator displayed in the previous
exercise.
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one last exercise

© Add a button and an entry widget to the gui fi t . py. Pressing the
button generates as many random points as the value of the entry
widget. Consider the fitting polynomial for increasing degrees, i.e.:
explore what happens if the degree of the scale is set higher.

The third homework is due on Friday 5 October:

solve exercises 2 and 3 of Lecture 8; exercises 3 and 5 of Lecture 9;
exercises 3 and 4 of Lecture 10; exercises 2 and 3 of Lecture 11; and
exercises 1 and 5 of Lecture 12.
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