
ECE12: Introduction to Programming
Lecture 17

Rainer Dömer

doemer@uci.edu

The Henry Samueli School of Engineering
Electrical Engineering and Computer Science

University of California, Irvine



ECE12: Introduction to Programming, Lecture 17 (c) 2004 R. Doemer 2

Lecture 17: Overview

• Object-oriented Programming
– Putting it all together

• Classes vs. objects
• References and namespaces
• Special methods and overloading 

– Class composition
• Containment relationship
• Object references as members of classes
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Object-Oriented Programming

• Example: cl ass Ti me (file t i me3. py )
cl ass Ti me:

" " " abst r act  dat a t ype f or  r epr esent at i on of  t i me" " "

def  __i ni t __( sel f ,  hour =0,  mi nut e=0,  second=0) :
" " " cr eat es a t i me obj ect  and i ni t i al i zes i t " " "
sel f . Set Ti me( hour ,  mi nut e,  second)

def  __del __( sel f ) :
" " " c l eans up and dest r oys a t i me obj ect " " "
# not hi ng t o do her e,  but  l et ' s  pr i nt  a message
pr i nt  " Ti me obj ect  bei ng dest r oyed! “

def  __st r __( sel f ) :
" " " r et ur ns an i nf or mal  st r i ng r epr esent at i on" " "
r et ur n " %02d: %02d: %02d"  % \

( sel f . __hour , sel f . __mi nut e, sel f . __second)

def  __r epr __( sel f ) :
" " " r et ur ns a f or mal  st r i ng r epr esent at i on" " "
r et ur n " Ti me( %d, %d, %d) "  % \

( sel f . __hour , sel f . __mi nut e, sel f . __second)
. . .
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Object-Oriented Programming

• Example: cl ass Ti me (file t i me3. py )

• Interactive
Example:

. . .
def  __add__( sel f ,  ot her ) :

" " " over l oads t he + oper at i on f or  t i me obj ect s" " "
r et ur n sel f . Add( ot her )

% pyt hon
>>> f r om t i me3 i mpor t  Ti me
>>> t 1 = Ti me( 10,  20)
>>> t 2 = Ti me(  2,  11,  30)
>>> pr i nt  t 1,  t 2
10: 20: 00 02: 11: 30
>>> t 3 = t 1 + t 2
>>> pr i nt  t 3
12: 31: 30
>>> del  t 1
Ti me obj ect  10: 20: 00 bei ng dest r oyed!
>>> ^d
Ti me obj ect  12: 31: 30 bei ng dest r oyed!
Ti me obj ect  02: 11: 30 bei ng dest r oyed!
% 
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Data memory:
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Data memory:

1. compile file “time3.py”

f r om t i me3 i mpor t  Ti me
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me

Data memory:

1. compile file “time3.py”
2. create reference to class Time

f r om t i me3 i mpor t  Ti me

Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me

Data memory:

1. tmp = new object of type Time

t 1 = Ti me( 10,  20,  30)

Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__

Object  
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me

Object  
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Data memory:

10 20 30

1. tmp = new object of type Time
2. __init__(tmp, 10, 20, 30)

t 1 = Ti me( 10,  20,  30)

Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me t 1

Object  t 1
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Data memory:

10 20 30

1. tmp = new object of type Time
2. __init__(tmp, 10, 20, 30)
3. t1 = tmp

t 1 = Ti me( 10,  20,  30)

Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me t 1

Object  t 1
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object  
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__

Data memory:

10 20 30

1. tmp = new object of type Time

t 2 = Ti me(  2,  15) Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me t 1

Object  t 1
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object 
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Data memory:

10 20 30 2 15 0

1. tmp = new object of type Time
2. __init__(tmp, 2, 15, 0)

t 2 = Ti me(  2,  15) Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me t 1 t 2

Object  t 1
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object  t 2
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Data memory:

10 20 30 2 15 0

1. tmp = new object of type Time
2. __init__(tmp, 2, 15, 0)
3. t2 = tmp

t 2 = Ti me(  2,  15) Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me t 1 t 2

Object  t 1
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object  t 2
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object 
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Data memory:

10 20 30 2 15 0 12 35 30

1. tmp = __add__(t1, t2)

t 3 = t 1 + t 2
Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me t 1 t 2 t 3

Object  t 1
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object  t 2
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object  t 3
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Data memory:

10 20 30 2 15 0 12 35 30

1. tmp = __add__(t1, t2)
2. t3 = tmp

t 3 = t 1 + t 2
Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me t 1 t 2 t 3

Object  t 1
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object  t 2
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object  t 3
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Data memory:

10 20 30 2 15 0 12 35 30

1. tmp = __str__(t3)
2. print tmp

pr i nt  t 3

Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me t 1 t 3

Object  t 1
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object  t 2
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object  t 3
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Data memory:

10 20 30 2 15 0 12 35 30

1. __del__(t2)

del  t 2

Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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• Example:

Object-Oriented Programming

f r om t i me3 i mpor t  Ti me
t 1 = Ti me( 10,  20,  30)
t 2 = Ti me(  2,  15)
t 3 = t 1 + t 2
pr i nt  t 3
del  t 2

Global Namespace

.  .  .

Ti me t 1 t 3

Object  t 1
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Object  t 3
Namespace

.  .  .

__second

__mi nut e

__hour

__i ni t __

__del __

__st r __

__add__

Data memory:

10 20 30 12 35 30

1. __del__(t2)
2. garbage collection

del  t 2

Class Ti me
Namespace

.  .  .

__i ni t __

__del __

__st r __

__add__
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Object-Oriented Programming

• Class Composition
– Classes can be hierarchically organized

in a containment relationship (membership)
– Object references can be used as members

• A class contains objects of other classes as members

– Example: Alarm clock

cl ass Ti me:

def  __i ni t __( sel f , hour , mi nut e, second)

. . .

c l ass Al ar mCl ock:

def  __i ni t __( sel f , Cur r ent Ti me, Al ar mTi me)

. . .

AlarmClock

CurrentTime

hour

minute

second

AlarmTime

hour

minute

second
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Object-Oriented Programming

• Class Composition
– Example: Employee

• class Employee:
– String: FirstName

– String: LastName

– Integer: ID
– Date: BirthDate

» Integer: Year

» Integer: Month

» Integer: Day
– Date: HireDate

» Integer: Year

» Integer: Month
» Integer: Day

– Floating point: Salary

Employee

BirthDate

Year

Month

Day

HireDate

Year

Month

Day

Salary

ID

LastName

FirstName


