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Using Functions
top down or bottom up

We use functions to implement speci�c algorithms.
Writing larger programs require many algorithms,
desirable to separate computations from input/output.

Two methods of design:

1 top down or stepwise re�nement
! identify �rst tasks in main program,
then write code for tasks as functions

2 bottom up or modular programming
! collect all functions which implement related
algorithms in one library, or module

Good modules promote reuse of code, standardization.
We use modules in Python via the import statement.
Three key principles of good modular design?



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

Using Functions
top down or bottom up

We use functions to implement speci�c algorithms.
Writing larger programs require many algorithms,
desirable to separate computations from input/output.

Two methods of design:

1 top down or stepwise re�nement
! identify �rst tasks in main program,
then write code for tasks as functions

2 bottom up or modular programming
! collect all functions which implement related
algorithms in one library, or module

Good modules promote reuse of code, standardization.
We use modules in Python via the import statement.
Three key principles of good modular design?



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

Using Functions
top down or bottom up

We use functions to implement speci�c algorithms.
Writing larger programs require many algorithms,
desirable to separate computations from input/output.

Two methods of design:

1 top down or stepwise re�nement
! identify �rst tasks in main program,
then write code for tasks as functions

2 bottom up or modular programming
! collect all functions which implement related
algorithms in one library, or module

Good modules promote reuse of code, standardization.
We use modules in Python via the import statement.
Three key principles of good modular design?



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

Using Functions
top down or bottom up

We use functions to implement speci�c algorithms.
Writing larger programs require many algorithms,
desirable to separate computations from input/output.

Two methods of design:

1 top down or stepwise re�nement
! identify �rst tasks in main program,
then write code for tasks as functions

2 bottom up or modular programming
! collect all functions which implement related
algorithms in one library, or module

Good modules promote reuse of code, standardization.
We use modules in Python via the import statement.
Three key principles of good modular design?



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

Using Functions
top down or bottom up

We use functions to implement speci�c algorithms.
Writing larger programs require many algorithms,
desirable to separate computations from input/output.

Two methods of design:

1 top down or stepwise re�nement
! identify �rst tasks in main program,
then write code for tasks as functions

2 bottom up or modular programming
! collect all functions which implement related
algorithms in one library, or module

Good modules promote reuse of code, standardization.
We use modules in Python via the import statement.
Three key principles of good modular design?



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

Object Oriented Programming

1 Writing Larger Programs
top down or bottom up
object oriented programming

2 A Class Histogram
processing the results of a simulation
the class Histogram
__init__ , __str__ , and __repr__

3 Wrapping and Operator Overloading
customized interfaces
operator overloading



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

Our Own Data Types
object oriented programming

Modules collect functions, but often functions all operate on
the same type of data.

Python offers many builtin data types, such as lists, de�ned
by their structure and methods.

A class describes all relevant characteristics of objects we
model in our programs.
An object is an instance of a class.

With a class we make our own data types by de�ning data
and functional attributes.

The Uni�ed Modeling Language ( UML)
is a graphical language for object oriented design.
Name two types of UML diagrams.
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Data Types of Simulation

The outcome of simulations is collected
in frequency tables or histograms.
Example: simulation of checkout queues in grocery store.
What is the distribution of the waiting time?

Histograms provide an experimental impression how the
data is distributed, e.g.: uniform or normal?

Speci�c problem: test if random.uniform(0,1)
leads to a uniform distribution:

1 Use k bins in the frequency table,
dividing [0; 1] in k subintervals of same size.

2 Call random.uniform(0,1) n times.

3 Expect to see n=k numbers in each bin.

What Law are we applying here?



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

Data Types of Simulation

The outcome of simulations is collected
in frequency tables or histograms.
Example: simulation of checkout queues in grocery store.
What is the distribution of the waiting time?

Histograms provide an experimental impression how the
data is distributed, e.g.: uniform or normal?

Speci�c problem: test if random.uniform(0,1)
leads to a uniform distribution:

1 Use k bins in the frequency table,
dividing [0; 1] in k subintervals of same size.

2 Call random.uniform(0,1) n times.

3 Expect to see n=k numbers in each bin.

What Law are we applying here?



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

Data Types of Simulation

The outcome of simulations is collected
in frequency tables or histograms.
Example: simulation of checkout queues in grocery store.
What is the distribution of the waiting time?

Histograms provide an experimental impression how the
data is distributed, e.g.: uniform or normal?

Speci�c problem: test if random.uniform(0,1)
leads to a uniform distribution:

1 Use k bins in the frequency table,
dividing [0; 1] in k subintervals of same size.

2 Call random.uniform(0,1) n times.

3 Expect to see n=k numbers in each bin.

What Law are we applying here?



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

Data Types of Simulation

The outcome of simulations is collected
in frequency tables or histograms.
Example: simulation of checkout queues in grocery store.
What is the distribution of the waiting time?

Histograms provide an experimental impression how the
data is distributed, e.g.: uniform or normal?

Speci�c problem: test if random.uniform(0,1)
leads to a uniform distribution:

1 Use k bins in the frequency table,
dividing [0; 1] in k subintervals of same size.

2 Call random.uniform(0,1) n times.

3 Expect to see n=k numbers in each bin.

What Law are we applying here?



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

Incremental Design and
Development

We store the de�nition of a class in a separate �le
so we can use it as a module in a Python session.
For example:

>>> from classhistogram import *

We �rst de�ne

� the data attributes; and

� string representations of the objects.

! test quickly interactively preliminary versions

Python is for rapid prototyping!
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The Class Histogram
key functions in �le classhistogram.py

class Histogram:
"""
a frequency table collects simulation results
"""

def __init__(self,n):
"""
initializes frequency table with n bins
for processing data points in [0,1]
"""

def __str__(self):
"returns the string representation"

def __repr__(self):
"defines the representation of the histogram"

help(classhistogram) shows documentation strings
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The Constructor __init__

def __init__(self,n):
"""
initializes frequency table with n bins
for processing data points in [0,1]
"""
self.T = map(lambda i:0, range(0,n))

The __init__ is called when we instantiate an object, e.g.:

>>> h = Histogram(5) # using 5 bins

The keyword self refers to object itself.
Inside __init__ we de�ne the object data attributes:

self.T = map(lambda i:0, range(0,n))

The frequency table T is represented
as a list of n numbers, initialized to zero.
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Recall lambda Forms
de�ning functions quickly

To make a die (random numbers in range 1 to 6):

>>> import random
>>> die = lambda : random.randint(1,6)

We have created a function:

>>> die
<function <lambda> at 0x64f70>

>>> callable(die)
True

>>> die()
2

>>> map(lambda i: die(),range(0,8))
[6, 3, 2, 5, 6, 1, 2, 2]
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Public and Private Data Types
information hiding

The data representation is public:

>>> from classhistogram import *
>>> h = Histogram(5)
>>> h.T
[0, 0, 0, 0, 0]

Any user of Histogram can exploit the list representation
choosen as object data attributes.

To make a data representation private:

self.__T = map(lambda i:0, range(0,n))

The __ before the name of the object data attribute
forces the user of the class to access the data only via the
methods provided by the class.
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forces the user of the class to access the data only via the
methods provided by the class.
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Object Representations
functions __str__ and __repr__

The string representation of an object is de�ned by
overriding the builtin function __str__:

def __str__(self):
"returns the string representation"
return str(self.T)

To obtain
>>> h = Histogram(5)
>>> h
[0, 0, 0, 0, 0]

we override the builtin __repr__:
def __repr__(self):

"defines the representation of the histogram"
return str(self.T)
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Adding Points

Think about a table with 10 bins
for tallying numbers in [0; 1] : : :

def add(self,x):
"adds a point to the table"
n = len(self.T)
ind = int(n * x) # first digit of x
self.T[ind] = self.T[ind] + 1

Use of self as the object h
to which the method add is applied to:

>>> h = Histogram(5)
>>> h.add(0.3)
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Using the Histogram
script usehistogram.py

$ python usehistogram.py
Give #bins : 3
Give #samples : 1000
The histogram : [330, 333, 337]

The script usehistogram.py :

from random import uniform
from classhistogram import *

k = input('Give #bins : ')
n = input('Give #samples : ')
h = Histogram(k)
for i in range(0,n):

h.add(uniform(0,1))
print 'The histogram : ' + str(h)
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Object Oriented Programming

1 Writing Larger Programs
top down or bottom up
object oriented programming

2 A Class Histogram
processing the results of a simulation
the class Histogram
__init__ , __str__ , and __repr__

3 Wrapping and Operator Overloading
customized interfaces
operator overloading
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Wrapping
customized interfaces

Suppose we use only a part of numpy,
e.g.: to deal only with two dimensional matrices.

We can build a customized interface to numpy,
de�ning our class Matrix .
This activity is called wrapping.

We add functions for matrix-matrix multiplication,
overloading arithmetical operators +, - , and * .
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Using a Class Matrix

De�ning a matrix from a list of lists:

>>> A = Matrix(2,2,d=[[1,2],[3,4]])
>>> A
[[ 1. 2.]

[ 3. 4.]]

Making a random matrix:

>>> r = lambda i,j: random.gauss(0,1)
>>> B = Matrix(2,3,d=r)
>>> B
[[-0.97980922 -0.67259951 0.73090135]

[-0.39725102 0.13804516 1.44212455]]
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Constructors and
Representations

of the class Matrix

from numpy import *
class Matrix:

"""
an encapsulation for two dimensional arrays
"""
def __init__(self,n, * m,** d):

"""
n-by-m matrix of floats initialized to zero
m = n if m is not provided
d is eiter a list or a function
"""

def __str__(self):
"returns the string representation"

def __repr__(self):
"defines the representation of the matrix"
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Optional Arguments of
Functions

def dictarg( ** data):
"test on using dictionary as argument"
print 'len(data) = %d' % len(data)
if len(data) > 0:

for each in data:
print 'each = ', data[each]
print 'type(each) = ', type(data[each])
if isinstance(data[each],list):

print 'argument is list ', data[each]
if isinstance(data[each],str):

print 'argument is string', data[each]
if callable(data[each]):

print 'argument is callable object'
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Calling dictarg

print 'FIRST CALL : no arguments'
dictarg()

print 'SECOND CALL : string argument'
dictarg(data="fun")

print 'THIRD CALL : list argument'
dictarg(data=[0,1])

print 'FOURTH CALL : function argument'
import random
dictarg(data=random.randint)
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The Constructor in Matrix
part I: variable arguments

def __init__(self,n, * m,** d):
"""
n-by-m matrix of floats initialized to zero
m = n if m is not provided
d is eiter a list or a function
"""
if len(m) == 0:

self.M = zeros((n,n),float)
else:

self.M = zeros((n,m[0]),float)
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The Constructor in Matrix
part II: keyword arguments

def __init__(self,n, * m,** d):

# continued: handling the d

if len(d) > 0:
for each in d:

if isinstance(d[each],list):
L = d[each]
for i in range(0,n):

for j in range(0,len(L[i])):
self.M[i,j] = L[i][j]

if callable(d[each]):
f = d[each]
for i in range(0,self.M.shape[0]):

for j in range(0,self.M.shape[1]):
self.M[i,j] = f(i,j)
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1 Writing Larger Programs
top down or bottom up
object oriented programming

2 A Class Histogram
processing the results of a simulation
the class Histogram
__init__ , __str__ , and __repr__

3 Wrapping and Operator Overloading
customized interfaces
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Operator Overloading
de�ning __mul__

With the A and B de�ned earlier:

>>> C = A* B
>>> C
[[-1.77431126 -0.39650918 3.61515044]

[-4.52843175 -1.46561788 7.96120223]]

def __mul__(self,other):
"matrix-matrix multiplication"

The other is another keyword (like self )
for use in binary operations like * .
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the function __mul__

Multiplying an n-by-m matrix with an m-by-k matrix
leads to an n-by-k matrix.

def __mul__(self,other):
"matrix-matrix multiplication"
r = Matrix(self.M.shape[0],other.M.shape[1])

for i in range(0,r.M.shape[0]):
for j in range(0,r.M.shape[1]):

for k in range(0,self.M.shape[1]):
r.M[i,j] = r.M[i,j] \
+ self.M[i,k] * other.M[k,j]

return r



MCS 275 L-4

20 Jan 2010

Writing Larger
Programs
top down or bottom
up

object oriented
programming

A Class
Histogram
processing the
results of a
simulation

the class Histogram

__init__ ,
__str__ , and
__repr__

Wrapping and
Operator
Overloading
customized
interfaces

operator overloading

the function __mul__

Multiplying an n-by-m matrix with an m-by-k matrix
leads to an n-by-k matrix.

def __mul__(self,other):
"matrix-matrix multiplication"
r = Matrix(self.M.shape[0],other.M.shape[1])

for i in range(0,r.M.shape[0]):
for j in range(0,r.M.shape[1]):

for k in range(0,self.M.shape[1]):
r.M[i,j] = r.M[i,j] \
+ self.M[i,k] * other.M[k,j]

return r
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Exercises

1 Modify the class Histogram: use an array from numpy
as object data attribute.

2 Extend the constructor of the class Histogram with an
optional argument: a function that returns the number
of the bin of each �oat.

3 De�ne a class Vector to represent vectors of any length.
The multiplication of two vectors x and y is de�ned by
the inner product: x ? y = x0y0 + x1y1 + � � � + xn� 1yn� 1.

4 Add matrix addition to the class Matrix, de�ning the
function __add__ .

5 For the matrix multiplication to work, the number of
columns of the �rst matrix must match the number of
rows of the second matrix. Write an exception handler
in __mul__ which prints an error message in this case.
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Summary and Assignments

Background material for this lecture:

� Chapter 10 of Python Programming in Context.

� §6.5 of Computer Science, an overview.

Homework collected on Friday 22 January (in class):
exercise 4 of Lecture 1;
exercises 1 and 4 of Lecture 2;
exercises 1 and 3 of Lecture 3.

Every correct answer to an exercise is worth 2 points to
make up for a quiz.
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