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6. How Modules and Functions
Work

Topics:
Modules and Functions
More on Importing
Call Frames

Let's Talk About Modules

What Are They?

M1.py Amodule isa.py
file that contains
Python code

The hame of the

module is the name
of the file. Thisis
the module M1.py

Wedraw a module
as a folder witha

black outline.

Inside a Module

Kepler.py I

r=1
E = sqrt(6)*r

A module may contain
asingle script.

Ascriptwill be shown
asa rectangle with
ared border.

Inside a Module

SimpleMath.py |

Amodule may contain
one or more function

sqrt el
definitions.

cos Functions will be
shownas rectangles

sin withgreen borders.

Inside a Module

SimpleGraphics.py I

|rED = [1.,0.,0.1 |

|BLUE = [0.,0.,1.1 |

cyan = [0.,1.,1.1|

A module may contain
one or more data items.

These are referred to
as global variables. They
should be treated as
constants whose values
are never changed.

Data items will be
shownas rectangles
withblue borders.
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Inside a Module

SimpleGraphics.py l

|rED = [1.,0.,0.] |

|cyan = 10.,1.,1.1 |

DrawRect

A module may contain
one or more data items
and one or more
functions.

Inside a Module

Py

U/Uﬂﬂﬂj

A module may contain

onhe or more data items
and one or more functions
anda script.

But in this case, the script
MUST be prefaced by

[— if _name == _ main :

Let's Talk About import

What Does import Allow?

j

Ml.py

Iil
2

GlobVarl=3.14

import M2

Il
i

GlobVar2=[1,0,0] |

uncl (x)

func2 (x,y)

Tt means that code insideM1.py can reference
the data and functions insideM2.py

What Does import Allow?

M2.py |

GlobVarl=3.14

[Globvarz=11,0,01 |

funcl (x)

I func2 (x,y) I

Afunction [___|in M1.py could have a linelike
a = M2.func2(x,M2.GlobVarl)

What Does import Allow?

Ml.py

)52

I§|

import M2

Il

GlobVarl=3.14

| ciobvar2=[1,0,0] |

funcl (x)

func2 (x,y)

The script Cin M1.py could have aline like
a = M2.funcl (M2.GlobVarl)
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One Way to Think About this...
~PY|

8

Ml.py [clobvari=3.14 |
import M2 IGlobVar2=[1,0,0] I

Il
i

islike this...

M2 I
I GlobVarl=3.14 I

| Globvar2=(1,0,0] |

func2 (x,y)

|
[ ]

Module M1.py contains a folder called M2. Need
the “dot notation’ to extract what isinM2.

What Does import* Allow?

Ml.py
GlobVar1=3.14

Iil
g

from M2 import* |clobvar2=[1,0,01 |

funcl (x)

func2 (x,y)

Il

Afunction [ in M1.py could have

What Does import* Allow?

8

-PY

B
3

GlobVar1=3.14

IGlobVar2=[1,0 ,0] I

from M2 import*

Il

No dot Ascript [__Jin M1.py could have No dot
alinelike a = funcl (x,GlobalVar2) notation alinelike a = func2(x,GlobalVar2) notation
One way to Think abouft this...
Ml.py |
M2.py I
= isas
| clobvar2=[1,0,0] | Globvari,
from M2 import* | clobvar2=[1,0,0] | S GlobVar2,
__f 1
_— == werecefined i
] M1.py

islike this...
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"Specific’ Importing "Specific” Importing

8

-PY

-PY
Ml.py | Ml.py

GlobVar1=3.14

IGlobVar2=[1,0 ,0] I

8

7]
5
5
3]
i
I
w
=
=Y

from M2 import func2 IGlobVar2=[1 0,0] I from M2 import func2

[l [l
[Funct o) ]
L] L]

func2 (x,y)
AscriptC_Jin M1.py could No dot AscriptC___in M1.py could NOT No dot
have a linelike a = func2(3,4) notation have a linelike a = funcl(4) notation

One way to think about this...

M2.py |
Ml.py ML.py
'
from M2 import func2 [clobvar2=11,0,0] | Itisasif
] func?
:l was defined
—
is like this...
Using Stuff Within a Module
M.py
1 The functions and There are rules about when a
lobal variables H
] Pt py can be module M2 . py can be imported
: USed ThroughOUT by G mOdUle Ml . Py
M.py
I:l without the dot
notation
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Does this Always Work?

Ml .py |

import M2

Yes,if M2.py is amodule that ispart
of the CS 1110 Python installation, e.g.,

math numpy
scipy PIL

urllib2 string
random timeit.

Does this Always Work?
[ oy ]

import M2

NoUNLESS Mi1.pyand M2.py are each
inthe “"current workingdirectory” .

Comments on
“Launching” a Python Computation

Inwhat follows, this
will behow weindicate
what'sinthe “current
working directory”

And this will meanwe
are inthe command shell
and in the “current
working directory”

= 0o

- cwd >

M1 .py |

import M2

8

-Py

|
Il

The scriptin M1.py

cwd > python Ml.py -~

Ml.py I

import M2

IO

cwd > python Ml.py

The scriptin M1.py
isexecuted

Ml.py

import M2

i
T

The script in M1.py

cwd > python M1.py isexecuted
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Ml.py I

import M2

[
[
]

M2.py

Ml.py I

import M2

T
T

cwd > python Ml.py

The scriptin M2.py
isNOT executed

cwd > python Ml.py

Nothing happens because
thereisno scriptin
M1 .py to execute.

Important Distinction
Distinguishbetween callinga function

y = sqrt(3)

and defining a function

def sqrt(x):
L=x

L= (L + x/L)/2

L

return L

(L + x/L) /2

A function isnt executedwhen it is defined

Think of defining a function as settingup a formula that is to be used|later.

import M2

i
T

cwd > python Ml.py

Error. Python cannot
findM2

i

Ml.py

import M2

Bl
IO

cwd > python Ml.py

Error. Python cannot
findM1

import M2

i
T

cwd > python M2.py

Fine. M2 .py doesnot
needMl1.py
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We now focus our attention
on the mechanics behind
function calls.

Somewhat Like Plugging info a
Formula

For the simplekind of fruitful functions
that wehave been considering, there isa
substitution process.

Exactly how does it work?

We Use This Example... A Script
def T(s):
“““ Returns as int the number of minutes sl = '11:15’
from 12:00 to the time specified by s. s2 = '12:05’
functionedl |x = T(sl)
PreC: s is a length-5 string of the form functioncal |y = T (s2)
‘hh:mm’ that specifies the time.””” if y>=x:
h = int(s[:2]) numMin = y-x
m = int(s[3:]) else:
if h<12: numMin = (y+720)-x
z = 60*h+m
else:
z=m This assigns to numMin the number of minutes ina
return z class that starts at the time specified by s1 and
ends at the fime specified by s2.
X 1
A Script oet - s
s2 = ‘12:05
sl = ‘11:15’ x = T(sl) The red dot indicates
s2 = ‘12:05’ }i,f=yz=()s:) the nex“l'fhing to doin
x = T(sl) numMin = y-x the script.
else:
y = T(s2) numMin = (y+720)-x
if y>=x: print numMin
numMin = y-x
else:
numMin = (y+720)-x sl=— This box is called
print numMin s2=— 6Global Space. Itincludes
x = all the variables associated
Prints the number of minutes ina class that starts y — i 3 S

at the time specified by s1 and ends at the fime
specifiedby s2.Let us step through its execution.

numMin =——
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The variable s is the function's parameter

2 sl = ‘11:15’ def T(s): 3
sl = ‘11:15 s2 = ‘12:05 h = int(s[:2])
@s2 = ‘12:05’ ox = T(sl) m = int(s[3:])
x = T(sl) y = T(s2) if h<l2:
y = T(s2) if y>=x: z = 60*him
if y>=x: numMin = y-x else:
numMin = y-x else: z=m
else: numMin = (y+720)-x return z
numMin = (y+720)-x print numMin
print numMin
Function call
S1 e 11:15
s1 1115 s2 P We open up a tiallfmme §
that shows the “key players'
s2 X = associated with the
X =—) y function
y — numMin ==
numMin =—
K 3 3
sl = ‘11:15/ ©def T(s): l_ sl = '11:15/ ©def T(s):
s2 = 112: 05’ h = int(s[:2]) s2 = ‘12:05’ h = int(s[:2])
ox = T(sl) m = int(s[3:]) ox = T(sl) m = int(s[3:])
y = T(s2) if h<l2: y = T(s2) if h<12:
if y>=x: z = 60*h+m if y>=x: z = 60*h+m
numMin = y-x else: numMin = y-x else:
else: z=m else: z2=mn
numMin = (y+720)-x return z numMin = (y+720)-x return z
print numMin print numMin
S] = ‘11:15 S =— S] = ‘11:15’ S =—
S2== 305 h=— S2== 4305 h=—
X === m == X =) m ==
Y — Z Y — Z —
numMin =— return =— numMin =— return =

The variables h, m, and z is the function's local variables

sl = ‘11:15’ ©®def T(s):
s2 = '12:05’ h = int(s[:2])
®x = T(sl) m = int(s[3:])
v = T(s2) if h<12:
if y>=x: z = 60*h+m
numMin = y-x else:
else: zZ=m
numMin = (y+720)-x return z
print numMin
sl == ‘1115 S =—
s2= 05 h=—
X =—) m =—
y — Z =
numMin =— return =

return is a special variable. Will house the value to return

sl = *11:15'
s2 = '12:05"
®x = T(sl)
y = T(s2)
if y>=x:
numMin = y-x
else:
numMin = (y+720)-x
print numMin

®def T(s):
h = int(s[:2])
m = int(s[3:])

if h<12:

z = 60*h+m
else:

zZ =m

return z

sle== ‘11:15

s2= 405

X =

y —
numMin =——

S =—
h=—
m =
Z —
return =——

Control passes from the red dot to the blue dot
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sl = “11:15’
s2 = ‘12:05’
®ox = T(sl)
y = T(s2)
if y>=x:
numMin = y-x
else:
numMin = (y+720)-x
print numMin

odef T(s): Ii

h = int(s[:2])
m = int(s[3:])

if h<12:

z = 60*h+m
else:

z =m

return z

S1 = ‘11:15

S2 = 12.05’

X —

Y —
numMin =—

S m— 11115

h=—

m =

Z =
return =

Assign the argument value (housed in s1) fo the parameters.

sl = ‘11:15'
s2 = ‘12:05"

®x = T(sl)
y = T(s2)
if y>=x:

numMin = y-x
else:

numMin = (y+720)-x

print numMin

def T (s) :

return z

® h =int(s[:2])
m = int(s[3:])

if h<12:

z = 60*h+m
else:

zZ =m

X =
Y —
numMin =—

S1 = ‘1115
S2 = 1205

S =
h=—
m =
Z =
return =—

‘11:15’

Assign the argument value (housed in s1) to the parameters.

sl = ‘11:15’ def T (s): Ii sl = ‘11:15’ def T (s): 7
s2 = ‘12:05' h = int(s[:2]) s2 = ‘12:05’ h = int(s[:2])
®x = T(sl) om = int(s[3:]) ®x = T(sl) m = int(s[3:])
y = T(s2) if h<12: y = T(s2) if h<12:
if y>=x: z = 60*h+m if y>=x: @z = 60*h+m
numMin = y-x else: numMin = y-x else:
else: zZ=n else: z2=mn
numMin = (y+720)-x return z numMin = (y+720)-x return z
print numMin print numMin
sl = ‘11:15 S = 11:15’ S] == ‘11:15 S = ‘11:15
S2== ;05 h =— 11 S2 == 12:05’ h=— 11
X = m = X — m =— 15
Y = Z = Y = Z
numMin =— return =— numMin =— return =
We step through the function body. Business as usual. We step through the function body. Business as usual.
9

sl = ‘11:15'
s2 = '12:05'
®x = T(sl)
y = T(s2)
if y>=x:
numMin = y-x
else:
numMin = (y+720)-x
print numMin

def T(s): Ii

h = int(s[:2])
m = int(s[3:])

if h<12:

z = 60*h+m
else:

z =m

® return z

sl == ‘11:15
s2= 05
X =)

y —

numMin =—

s = ‘1115

h=— 11
m = 5
Z = 675

return ——

We step through the function body. Business as usual.

sl = *11:15'
s2 = “12:05’

ox = T(sl)
y = T(s2)
if y>=x:

numMin = y-x
else:

print numMin

numMin = (y+720)-x

def T (s) :

h = int(s[:2])
m = int(s[3:])

if h<12:

z = 60*h+m
else:

zZ =m

® return z

S2=—
X =
y —
numMin =——

S]l == ‘11:15

12:05’

675

S =—
h=—
m =
Z —
return =——

‘11:15'
11
15
675
675

The return value is shipped back the to red dot instruction.




1/22/2016

10 11

sl = ‘11:15’ def T (s): I_ sl = ‘11:15/
s2 = ‘12:05’ h = int(s[:2]) s2 = '12:05’

ox = T(sl) m = int(s[3:]) x = T(sl)

y = T(s2) if h<12: oy = T(s2)
if y>=x: z = 60*h+m if y>=x:
numMin = y-x else: numMin = y-x
else: z=m else:
numMin = (y+720)-x ® return z numMin = (y+720)-x Another
print numMin print numMin funcﬁon
Call!
sl = ‘11:15 S =— Al S1 = ‘11:15
S2 = ;.05 h =— 11 S2 = 12:05
X — 675 m = 15 X — 675
Y = Z = 675 y—
nUMMin =— return = 675 numMMin =—

The function callis over. The Call Frame "disappears"”... And the red dot moves fo the next statement in the script
sl = ‘11:15’ @def T(s): l_12 sl = ‘11:15/ @ def T (s): 13
s2 = ‘12:05’ h = int(s[:2]) s2 = ‘12:05’ h = int(s[:2])

x = T(sl) m = int(s[3:]) x = T(sl) m = int(s[3:])
oy = T(s2) if h<12: oy = T(s2) if h<12:
if y>=x: z = 60*h+m if y>=x: z = 60*h+m
numMin = y-x else: numMin = y-x else:
else: zZ=n else: z2=mn
numMin = (y+720)-x return z numMin = (y+720)-x return z
print numMin print numMin
S] = ‘11:15 S =— S] = ‘11:15’ S = ‘12:05’
S2== 05 h=— s2= 405 h=—
X = 675 m — X — 675 m —
y — Z = y — Z =
numMin =— return =— numMin =— return =
We open up the Call Frame The value of the argument (housed in s2) is substituted
14

sl = ‘11:15'
s2 = '12:05'
x = T(sl)
Oy = T(s2)
if y>=x:
numMin = y-x
else:
numMin = (y+720)-x
print numMin

def T (s) :
oh = int(s[:2])
m = int(s[3:])

if h<12:

z = 60*h+m
else:

z =m

return z

Sl == ‘1115

s2= 05
X — 675
y —

numMin =—

S = 12:05'

h=—

m =

Z —
return ——

Execution of the function body starts.

sl = *11:15'

s2 = “12:05’
x = T(sl)
Oy = T(s2)
if y>=x:

numMin = y-x
else:

print numMin

numMin = (y+720)-x

def T (s) :
h = int(s[:2])
om = int(s[3:])

if h<12:

z = 60*h+m
else:

zZ =m

return z

X =—
y—
numMin =——

S1l == ‘11:15
s2= 405

675

S=— 12:05

h=— 12

m =

Z —
return =——

We step through the function body

10
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sl = ‘11:15’ def T(s): I_lS sl = ‘11:15/ def T(s): 16
s2 = ‘12:05' h = int(s[:2]) s2 = ‘12:05’ h = int(s[:2])
x = T(sl) m = int(s[3:]) x = T(sl) m = int(s[3:])
oy = T(s2) if h<12: oy = T(s2) if h<12:
if y>=x: z = 60*h+m if y>=x: z = 60*h+m
numMin = y-x else: numMin = y-x else:
else: ez =m else: z=m
numMin = (y+720)-x return z numMin = (y+720)-x e return z
print numMin print numMin
S1 = ‘11:15 S = ‘12:05 S1 = ‘1115 S =) ‘12:05
S2 = 505 he= 1 S2= 505 h=— 12
X = 675 m = 5 X =— 675 m = 5
Y =— Z = Y =— Z = 5
numMin =—— return =— numMin =— return =
We step through the function body. We step through the function body.
18

sl = “11:15’

s2 = ‘12:05'
x = T(sl)
Oy = T(s2)
if y>=x:

else:

print numMin

numMin = y-x

numMin = (y+720)-x

def T (s) :

®return z

h = int(s[:2])
m = int(s[3:])

if h<12:

z = 60*h+m
else:

z =m

Sl =
52 —

X =—
y —
numMin =—

11:15’

‘12:05"
675

S =—
h=—
m —
Z =
return =——

12:05’
12
3
8
5]

The value in zis to be returned

sl = ‘11:15'
s2 = ‘12:05’
x = T(sl)
Oy = T(s2)
if y>=x:
numMin = y-x
else:

print numMin

numMin = (y+720)-x

def T (s) :

® return z

h = int(s[:
m = int(s[3:])

if h<12:

z = 60*h+m
else:

zZ =m

2])

numMin =—

S] = ‘11:15’
s2= 405
X = 675
y — 5

S =
h=—
m —
Z =
return =——

‘12:05’

12

That value is sent back to the red dot.

sl = ‘11:15'
s2 = '12:05'
x = T(sl)
y=T(
if y>=
nu
else:
®nu
print

2 .
numMin =—

50

S =—
h=—
m =
Z —
return ——

Function callis over. Call Frame disappears. Red dot moves on

sl = *11:15'
s2 = '12:05"
x = T(sl)
y = T(s2)
if y>=x:
numMin = y-x
else:

ePrint numMin

numMin = (y+720)-x

S1l == ‘11:15
s2= 405
X — 675
y =— 5
numMin —— 50

50

The script is over. Global space disappears.

11



50

The script is over. Global space disappears.
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