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Object Oriented Programming (OOP) 

OOP is a major theme in programming language design, 
starting with Simula, a language for discrete simulation,  in the 
1960s. Then Smalltalk  in the late 1970s (out of the legendary 
Xerox Palo Alto Research Center, or PARC, where many other 
ideas used in today's computer environment were invented). 
Other ``OOP languages'' include  Eiffel, C++, Java, C#, and 
Scala.  

Entities in programs are modeled as objects. They represent 
encapsulations that have their own attributes (also called 
fields), that represent their state, and functions, or operations 
that can be performed on them, termed methods. Creation 
and manipulation of objects is done via their methods. 
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Object Oriented Programming (OOP), 
cont. 

The object oriented approach enables modular 
design. It facilitates software development by 
different teams, where each team works on its own 
object, and communication among objects is carried 
out by well defined methods' interfaces.  

Python supports object oriented style programming 
(maybe not up to the standards of OOP purists). 
We'll describe some facets, mostly via concrete 
examples. A more systematic study of OOP will be 
presented in Tochna 1, using Java. 
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Classes and Objects 

We already saw that classes represent data types. In 
addition to the classes/types that are provided by 
python, programmers can write their own classes. 

A class is a template to generate objects. The class is 
a part of the program text. An object is generated as 
an instance of a class. 

As we indicated, a class includes data attributes 
(fields) to store the information about the object, 
and methods to operate on them. 
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Line Class in Python 
Line is a simple example of a class.  
An object of the class Line has to represent a line in 2D plane. 
A line includes the points (x,y) that satisfy y = ax + b, for some 
a and b. So we can represent the line by the slope a and offset 
b. These will be the fields of the class line. So each line object 
will have its own values of slope and offset.  
When a line is generated, we need to initialize it. We can 
choose different ways to do it. Here we decided that the 
programmer will supply two points in the 2D plane:  (x1,y1) 
and  (x2,y2).  So when the line object is generated, we will 
have to compute and store the slope and the offset. The 
method that is used to create and initialize an object has a 
special name, __init__ .  
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class Line : 
     """ Stores a line in the 2D plane . Line is defined 
     by two points (x1 ,y1) and (x2 ,y2 ). It is represented 
     by a,b where y=a*x + b is the line equation , or by x=c 
     in case the line is parallel to the y axis ""“ 
     def __init__ (self , x1 ,y1 ,x2 ,y2 ): 
          assert type (x1 )== float and type (y1 )== float and \ 
               type (x2 )== float and type (y2 )== float and \ 
               (x1 != x2 or y1 != y2) 
          point1 =(x1 ,y1)        # point1 is local to the method 
          point2 =(x2 ,y2) 
          if x1 != x2: 
               self . slope =(y2 -y1 )/(x2 -x1)   # assigns to field slope 
               self . offset = y1 -x1 *(y2 -y1 )/(x2 -x1) 
          else : 
               self . slope =" infty " 
               self . offset =x1 

      7 



Line Class, Additional Methods 
assert evaluates its boolean argument and aborts if false. 

 __repr__ is another special method of the class (starts and 
ends with two _ symbols). It is used to describe how it is 
represented (when printing such an object). 

Special methods have specific roles in any class in which they 
appear. We will see how they are called.  
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     def __repr__ (self ): 

          if self.slope ==" infty ": 

               return "x="+ str ( self.offset ) 

          else : 

               return "y="+ str ( self.slope )+"*x"+"+"+ str ( self.offset ) 



Line Class, Additional Methods (cont) 

__eq__ is a special method that determines when two lines 
are equal.  is_parallel  is a (non special) method that 
determines if two lines are parallel. 

9 

     def __eq__ (self , other ): 

          assert isinstance (other , Line ) 

          return self . slope == other . slope \ 

                       and self . offset == other . offset 

 

     def is_parallel (self , other ): 

          assert isinstance (other , Line ) 

          return self . slope == other . slope 



Note on fields and parameters 
The first parameter of every method represents the current 
object (an object of the class which includes the method). By  
convention, we use the name self for this parameter.  

So the variable self.slope is the field named slope in the 
(current) object.  Unlike other languages (eg. Java), we do not 
explicitly declare the names of the fields of the class we are 
defining. They exist because they are mentioned – initialized in 
the __init__ method. Note that point1 and point2 are not 
fields. other.slope is the slope of the object pointed to by other. 

We have seen that we call a function by its full name, including 
the name of the module (class) that includes it, for example 
Line.is_parallel. But we can also use the OO notation, which 
moves the first actual parameter (for self) to the position 
before the name of the method.  
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Line Class, Example Executions 
>>> a= Line (1. ,1. ,2. ,2.)     #   allocate, then call Line.__init__  

>>> a                              # Line.__repr(a)  same as  a.__repr__( ) 

y= 1.0*x + 0.0 

>>> b= Line (2. ,2. ,5. ,5.) 

>>> a. slope             # accessing the field slope of the object 

1.0                             # that a points to 

>>> a. offset 

0.0 

>>> b. slope 

1.0 

>>> b. offset 

0.0 
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Line Class, Example Executions (cont.) 
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>>> a==b        # __eq__ is called , same as a.__eq__(b) 

True 

>>> a.is_parallel(b)  #   same as Line.is_parallel (a,b)     

True 

>>> c= Line (2. ,3. ,5. ,6.) 

>>> c. slope 

1.0 

>>> c. offset 

1.0 

>>> a==c 

False 

>>> Line . is_parallel (a,c) 

True 



Further executions of Line 
>>> a= Line (1. ,1. ,2. ,2.) 
>>> a 
y= 1.0*x + 0.0 
>>> a.slope 
1.0 
>>> a.slope=2     # do we want to allow this? 
>>> a 
y= 2*x + 0.0     # the line has changed 
 
What if do not want to allow changes in the slope 
and offset of the line after it was created 
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Information hiding 

One of the principles of OOP is information hiding: The 
designer of a class should be able to decide what 
information is known outside the class, and what is 
not. In most OOP languages this is achieved by 
declaring fields and methods as either public or 
private. 
In python, a field whose name starts with two _ 
symbols, will be private.  It will be known inside the 
class, but not outside.  
A private field cannot be written (assigned) outside the 
class, and its value cannot be read (inspected), because 
its name is not known. 
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A modified Line class 

Suppose we change the names of slope and offset to __slope 
and __offset, respectively, thoughout the class. Then we will 
get: 
>>> a= Line (1. ,1. ,2. ,2.) 
>>> a 
y= 1.0*x + 0.0 
>>> a.__slope 
Traceback (most recent call last): 
  File "<pyshell#55>", line 1, in <module> 
    a.__slope 
AttributeError: 'Line' object has no attribute '__slope‘ 
 
We wanted to block the ability to change the fields, but now 
their values are also hidden. 
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Private fields 

If we want to let client code (code outside the class, 
that uses it) read the value of a private field, we need 
to write a method that will return the value. This is 
called a getter. 

We can also write a method that assigns a value to 
the field (called a setter). Instead, we can write a 
method that changes the state of the object in some 
structured way (can change one or more fields, but 
only in very specific way). 

Many OOP programmers choose to make all the fields 
of a class private, and provide methods for the 
desired operations. 
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Modified class Line 
class Line1: 
       # same as Line, except change field name slope to   __slope, 
       # and offset to  __offset, and add the following two methods 

 def slope(self): 

        return self.__slope 

 def offset(self): 

        return self.__offset 

Now run it 

>>> a= Line 1(1. ,1. ,2. ,2.) 

>>> a.slope() 

1.0 

>>> a.slope 

<bound method Line1.slope of y= 1.0*x + 0.0> 
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  Modified class Line (cont.) 
>>> a.__slope 

Traceback (most recent call last): 

  File "<pyshell#68>", line 1, in <module> 

    a.__slope 

AttributeError: 'Line' object has no attribute '__slope‘ 

>>> a.slope=2        # but we can replace the method!! 

>>> a.slope() 

Traceback (most recent call last): 

  File "<pyshell#70>", line 1, in <module> 

    a.slope() 

TypeError: 'int' object is not callable 
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Designing classes in OOP 
The recommended way to design a class is to first decide what 
operations (methods) the class should support. This would be 
the API (or contract) between the class designer and the 
clients. 

We often distinguish between: 

•   Queries – return a value, do not change the state 

•   Commands – change the state, do not return a value 

•   Constructors – create the object and initialize it 

Then decide how to represent the state of objects (which 
fields), and make the fields private. 

Then implement (write code for) the methods. 

This way we can later change the representation (eg. Change 
from Cartesian to Polar representation of points), while the 
client code is unchanged.  
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OOP and python 
Python provides the basic ingredients for OOP, including 
inheritance (that we will not discuss).  

However, we do not have the full safety that strict OOP 
languages have (as seen in the example). “Private” fields are 
accessible with mangled names, a client may add a field to an 
object, etc. In short, there is no way to enforce data hiding in 
python, its all based on convention. 

 The language puts more emphasis on flexibility. 

In this course we will usually use public fields and public 
methods to simplify the code, rather than adhere to OOP. This 
is the common style in python.  

The course Software 1 (in Java) places OOP at the center.  
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Student Class in Python 
class Student : 
     def __init__ ( self ): 
          self . name = generate_name () 
          self .id = random . randint (2*10**7 ,6*10**7) 
 
     def __repr__ ( self ): 
          return "<" + self.name + ", " + str(self.id) + ">" 
 
     def __lt__ (self , other ): 
          return self . name < other . name 
 
     def is_given_name (self , word ): 
          return self . name . startswith ( word +" ") 
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 Student Class in Python (cont) 
 
The Student class has two fields:  name, and  id. These fields 
can be accessed directly, and values can be assigned to them 
directly. 
 __init__, __repr__, __lt__, is_given_name are  methods of 
this class. As can be guessed from the names of the first two, 
they are used for initializing  an object in this class, describe 
how it is represented (when printing such an object). 

The third method, __lt__ , describes how comparison (<, less 
than) of two such objects is determined. This enables, for 
exampleus to sort lists containing objects of this class. 

The fourth method, is given name, checks if the name field 
starts with the argument in word, followed by a blank. 
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Student Class in Python: Example 
>>> students_list 
[<Or , 39316939 > , <Yana , 52061841 > , <Amir , 49419212 > , 
<Roee , 40604275 > , <Noa , 24908823 > , <Gal , 56592426 > , 
<Barak , 29548638 > , <Rina , 52552066 > , <Tal , 57995311 > , 
<Lielle , 43513357 > , <Shady , 46042015 > , <Yuval , 32125900 > , 
<Walt Disney , 27907836 >] 
>>> len ( students_list ) 
13 
>>> students_list [0]. is_given_name ("Yuval") 
False 
>>> students_list [11]. is_given_name ("Yuval") 
False 
>>> students_list [12]. is_given_name ("Walt") 
True 
 
In case you did not notice, Walt Disney has joined our class (no. 107, 
and hopefully the last one to join). There are some plausible reasons 
why you never saw him present. The most reliable one, IMHO, is 
that he stays home and watches the video footage on YouTube. 
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Generating Names At Random:  
Python Code 

alphabet = ' abcdefghijklmnopqrstuvwxyz ‘ 
def generate_name (): 
     """ generate a random first ( given ) name with 3-6 letters , 
           space , and a random family name with 4-8 letters ""“ 
     first = random . sample ( alphabet ,random . randint (3 ,6)) 
     family = random . sample ( alphabet ,random . randint (4 ,8)) 
     name = str . join ("", first ) + " " + str . join ("", family ) 
     return str . title ( name ) 
 
Note: 
random.randint (k,m) returns a random integer n,  k≤ n ≤ m 
random.sample(str,m) returns a list of length m whose elements 
are characters chosen at random from the string str 
str.join(st,lst) concatenates the (string) elements of lst, and places 
between each two the string st. 
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Generating Names At Random:  
Python Code (cont) 

>>> random . sample ( alphabet ,random . randint (3 ,6)) 

['h', 'o', 'n', 'x', 'g', 's'] 

>>> random . sample ( alphabet ,random . randint (3 ,6)) 

['f', 'h', 'd', 'j'] 

>>> for i in range (5): 

       generate_name () 

'Oudwab Ngyzb ' 

'Slhbm Jnypu ' 

'Sxufj Drhbs ' 

'Cjdrhm Wqhxve ' 

'Snoc Lvcso ' 
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Tinkering with the Student Class 

def students (n): 

     return [ Student () for i in range (n)] 

         # for each element, Student() generates a student 

         # object and puts a reference to it in the list. 

 

>>> names =["Or","Yana ","Amir","Roee","Noa","Gal","Barak", 

          "Rina","Tal","Lielle","Shady","Yuval", "Walt Disney"] 

>>> students_list = students (13) 

>>>for i in range (13): 

     students_list [i]. name = names [i] 
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Tinkering with the Student Class (cont) 
>>>for i in range (13): 
          print ( students_list [i]) 
<Or , 39316939 > 
<Yana , 52061841 > 
<Amir , 49419212 > 
<Roee , 40604275 > 
<Noa , 24908823 > 
<Gal , 56592426 > 
<Barak , 29548638 > 
<Rina , 52552066 > 
<Tal , 57995311 > 
<Lielle , 43513357 > 
<Shady , 46042015 > 
<Yuval , 32125900 > 
<Walt Disney , 27907836 > 
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Testing Equality for the Student Class 

>>> students_list [11]== students_list [12] 
False                     # why should one expect equality ? 
>>> students_list [11]. name = students_list [12]. name 
>>> students_list [11]. id= students_list [12]. id 
>>> students_list [11]. name == students_list [12]. name 
True 
>>> students_list [11]. id == students_list [12]. id 
True 
>>> students_list [11]== students_list [12] 
False                        # well , this IS unexpected 
 
We conclude that equality of the two different fields does not imply 
equality of the corresponding Student objects. 
 
We can, however, define equality explicitly, by defining a method 
__eq__ as was done in the class Line. It will be called each time we 
test equality (==) of two Student objects. 
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Defining and Retesting Equality for the 
Student Class 

class Student : 
     def __init__ ( self ):                         #  as before, body omitted  
     def __repr__ ( self ):                       #  as before, body omitted 
     def __lt__ (self , other ):                #  as before, body omitted 
     def is_given_name (self , word ): #  as before, body omitted  

     def __eq__ (self , other ): 

          return self . name == other . name \ 

                       and self .id == other .id 

>>> students_list [11]. name = students_list [12]. name 

>>> students_list [11]. id= students_list [12]. id 

>>> students_list [11]== students_list [12] 

True                             # desired effect 
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And Now to Something Completely Different:  

Munch! (a prelude to HW4, Q4) 
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"The time has come," the Walrus said, 
"To talk of many things: 
Of shoes--and ships--and sealing-wax-- 
Of cabbages--and kings-- 
And why the sea is boiling hot-- 
And whether pigs have wings." 
 
"But wait a bit," the Oysters cried, 
"Before we have our chat; 
For some of us are out of breath, 
And all of us are fat!" 
"No hurry!" said the Carpenter. 
They thanked him much for that. 

Through the Looking-Glass 
and What Alice Found There: 
Lewis Carroll, 1871. 
 



Munch! (a prelude to HW4, Q4) 
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An image of a 3-by-4 
chocolate bar (n=3, m=4). 
This configuration is 
compactly described by the 
list of heights [3,3,3,3]  

Munch! is a two player, perfect 
information game. The game starts with 
a chocolate bar with n rows and m 
columns. They alternately take moves, 
where they chose a chocolate square 
that was not eaten yet, and munch all 
existing squares to the right and above 
the chosen square (including the chosen 
square). 
 
The game ends when one of the players 
chooses and munches the lower left 
square. It so happens that the lower left 
corner is poisoned, so player who made 
that move dies immediately, and 
consequently loses the game. 



Munch! (a prelude to HW4, Q4), cont. 
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An image of a possible 
configurations in the game. 
The white squares were 
already eaten. The 
configuration is described 
by the list of heights 
[2,2,1,0]. 

Munch! is a two player, perfect 
information game. The game starts with 
a chocolate bar with n rows and m 
columns. They alternately take moves, 
where they chose a chocolate square 
that was not eaten yet, and munch all 
existing squares to the right and above 
the chosen square (including the chosen 
square). 
 
The game ends when one of the players 
chooses and munches the lower left 
square. It so happens that the lower left 
corner is poisoned, so player who made 
that move dies immediately, and 
consequently loses the game. 



A possible Run of Munch! 

[2,2,1,0] [2,2,0,0] [2,1,0,0] [1,1,0,0] 

Suppose the game has reached the configuration on the left, 
[2,2.1,0], and it is now the turn of player 1 to move. 
Player 1 munches the rightmost existing square, so 
the configuration becomes [2,2,0,0].  
 
Player 2 munches the top rightmost existing square, so the 
configuration becomes [2,1,0,0]. 
 
Player 1 move leads to [1,1,0,0]. 
Player 2 move leads to [1,0,0,0]. 
 
Player 1 must now munch the poisoned lower left corner, and 
consequently loses the game (in great pain and torment). 

[1,0,0,0] 



Munch!: Winning and Losing Configurations 

[2,2,1,0] [2,2,0,0] [2,1,0,0] [1,1,0,0] 

Every configuration has at most n times m 
legal continuing configurations. 
 
A given configuration is winning if it has some legal  
losing continuation. 
  
A given configuration is losing if all its legal 
continuations are winning.  
 
This defines a recursion, whose base case 
is left to you to figure out. 
 



Winning and Losing Configurations, cont. 

[2,2,1,0] [2,2,0,0] [2,1,0,0] [1,1,0,0] 

A given configuration, C,  is winning if it has some 
legal  losing continuation, C’. The player whose turn it 
is in C will choose C’ for its continuation, putting the 
opponent in a losing position. 
  
A given configuration, C, is losing if all its legal 
continuations are winning. No matter what the player 
whose turn it is in C will choose, the continuation C’ 
puts the opponent in a winning position. 
 



The Initial Munch! Configuration is Winning 

We will show in class (on the board) that the initial 
configuration [n,n,…,n] in an n-by-m chocolate bar is 
a winning configuration for all n-by-m size chocolate 
bars (provided the bar has at least 2 squares). 
 
This implies that player 1 has a winning strategy. 
 
Interestingly, our proof is purely existential. We 
show such winning strategy exist, but do not have a 
clue on what it is (e.g. what should player 1 munch so 
that the second configuration will be a losing one?). 



Implementing Munch!  in HW4 

In HW4, Q4, you will be asked to write a Python 
program that will determine if a given configuration 
is a winning or a losing one.  
 
A first version will be recursive without 
memoization, and will be able to handle only very 
small values of n,m (in, say, one minute). 
 
A second version will employ memoization, and 
consequently be able to handle somewhat larger 
values of n,m in the same amount of time. 
 
A good sanity check for your code is verifying that 
[n,n,…,n] is indeed a winning configuration. 



And Now to Something Completely Different:  

Data Structures 
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"A loaf of bread," the Walrus said, 
"Is what we chiefly need: 
Pepper and vinegar besides 
Are very good indeed-- 
Now if you're ready, Oysters dear, 
We can begin to feed." 
 
"But not on us!" the Oysters cried, 
Turning a little blue. 
"After such kindness, that would be 
A dismal thing to do!" 
"The night is fine," the Walrus said. 
"Do you admire the view? 

Through the Looking-Glass 
and What Alice Found There: 
Lewis Carroll, 1871. 
 



Data Structures 
A data structure is a way to organize data in memory, 
to support various operations (including search, and in 
many cases mutation: insertion, deletion, 
modification). 
 
We have seen some Python built-in structures: strings, 
tuples, lists, dictionaries. 
 
The choice of data structure for a particular problem 
depends on desired operations and complexity. 
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Data Structures 
The term Abstract Data Type emphasizes the point that 
the user (client) need to know what operations may be 
used, but not how they are implemented.  
 
We will next implement a new data structure, called 
linked list and compare it to Python's built-in list 
structure. Then we will discuss another linked 
structure, Binary Search Trees. 
 
Later in the course we will see additional non-built-in 
structures implemented by us (and you):  hash tables, 
matrices. 
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Representing Lists 

We have extensively used Python's built-in list object.  “Under 
the hood", Python lists employ C's array. This means that 
pointers to the elements (namely the addresses of the 
elements) are stored in contiguous memory locations. This 
renders access to the i'th item very efficient (O(1) steps): if 
the address in memory of lst[0] is a, then the address in 
memory of lst[i] is simply a+i. The fact that the list stores 
pointers, and not the elements themselves, enables Python's 
lists to contain objects of heterogeneous types. 
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Representing Lists, cont. 

However, the contiguous storage of addresses 
must be maintained when the list evolves. In 
particular if we want to insert an item at location 
i, all items from location i onwards must be 
“pushed“ forward ( O(n) operations in the worst 
case for lists with n elements). 

Moreover, if we use up all of the memory block 
locally allocated for the list, we may need to 
move items to get a block of greater size (maybe 
starting in a different location). 
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Python's Implementation of Lists, cont2 

Python's lists are really variable-length arrays, not Lisp-style 
linked lists. The implementation uses a contiguous array of 
references to other objects, and keeps a pointer to this array 
and the arrays length in a list head structure. 

This makes accessing/modifying a list element, a[i], an 
operation whose cost is independent of the size of the list or the 
value of the index. 

When items are appended or inserted, the array of references is 
resized. Some cleverness is applied to improve the performance 
of appending items repeatedly; when the array must be grown, 
some extra space is allocated so the next few times do not 
require an actual resize. 

Source (with minor changes): How are lists implemented? 
44 

http://docs.python.org/2/faq/design.html


Linked Lists 

An alternative to using a contiguous block of 
memory, is to specify, for each item, the memory 
location of the next item in the list. 

We can represent this graphically using a boxes-
and-pointers diagram: 
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Linked Lists Representation 
We introduce two classes. One for each node in the list, and 
another one to represent a list.  The class Node is very simple, just 
holding two fields, as illustrated in the diagram. 
 
class Node (): 
     def __init__ (self, val): 
          self.value = val 
          self.next = None 
     
      def __repr__ (self): 
          return str(self.value) 
         # return "[" + str(self.value) + "," + str(id(self.next))+ "]" 
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Linked List class 

class Linked_list (): 
     def __init__ (self): 
          self.next = None   # using same field name as in Node 
 
     def __repr__ (self): 
          out = "" 
          p= self.next 
          while (p != None ): 
                 out += str(p) + " “ 
                 p=p. next 
          return out 
 
More methods will be presented in the next slides 
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Linked List Operations:  
Insertion at the Start 

def add_at_start (self , val ): 

     p= self 

     tmp =p. next 

     p. next = Node (val) 

     p. next . next = tmp 

 

Note: The time complexity is O(1) in the worst 
case! 
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Linked List Operations:  
Insertion at a Given Location 

def insert (self, val, loc): 
     p= self 
     for i in range (0, loc): 
          p=p. next 
     tmp =p. next 
     newNode = Node(val) 
     p.next = newNode 
     newNode.next = tmp 
 
The argument loc must be between 0 and the length of the 
list (otherwise a run time error will occur). 
When loc is 0, we get the same effect as add_at_first 
Time complexity: O(loc) 
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Linked List Operations: Access 

def get_item (self , loc ): 
     p= self . next 
     for i in range (0, loc ): 
          p=p. next 
     return p.value 
 
The argument loc must be between 0 and the 
length of the list (otherwise a run time error will 
occur). 
Time complexity: O(loc) 
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Linked List Operations: Find 
def find (self , item ): 
     p= self . next 
     #  loc =0         #   in case we want to return the location 
     while (p != None): 
          if (p. value == item ): 
               return p 
          else : 
               p=p. next 
         #      loc = loc +1 #   in case we want to return the location 
     return None 
 
 
Time complexity: O(size) 
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Linked List Operations: Delete 
def delete (self, loc ): 
     p= self 
          for i in range (0, loc ): 
                p=p. next 
          if (p!= None and p. next != None ): 
                p.next = p.next.next 
 
The argument loc must be between 0 and the length. 
Time complexity: O(loc) 
The Garbage collector will “remove" the deleted item 
(assuming there is no other reference to it) from memory. 
 
Note: In some languages (e.g. C,C++) the programmer is 
responsible to explicitly ask for the memory to be freed. 
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Using a linked list 
Example: 

Search for a certain item, and if found, increment it: 

 

x=lst.find(3) 

    if x!=None: 

        x.value+=1 

 

Searching and then deleting the found item presents a 
problem: in order to delete an item, we need access to the 
item before it. 
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Linked Lists vs. Regular Lists: 
Operations Complexity 

Insertion after a given item requires O(1) 
time, in contrast to O(n) for regular lists. 

Deletion of a given item requires O(1) time, 
(assuming we have access to the previous 
item) in contrast to O(n) for regular lists. 

Accessing the i-th item requires O(i) time, in 
contrast to O(1) for regular lists. 

So far we assumed the lists are unordered. We 
will now consider  ordered lists. 
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Ordered linked list 

We can maintain an ordered linked list, by always inserting an 
item in its correct location. This version allows duplicates. 
 
def insert_ordered(self,val): 
        p = self 
        q = self.next 
        while (q != None) and (val > q.value): 
            p=q 
            q=q.next 
        newNode = Node(val) 
        p.next = newNode 
        newNode.next = q 
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Searching in an Ordered linked list 

Can we use binary search to look for an element in an ordered list? 
Why (or why not)?  
 
def find_ordered(self,val): 
        p=self.next 
        while (p != None) and (val > p.value): 
            p=p.next 
        if (p != None) and (val == p.value): 
            return p 
        else: 
            return None 
 
We leave it to the reader to write a delete method for ordered lists. 
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Perils of Linked Lists 

With linked lists, we are in charge of memory management, 
and we may introduce cycles: 
>>> L= Linked_list () 
>>> L. next = L 
>>> L 
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Can we check if a given list 
includes a cycle? 
Here we assume a cycle may only 
occur due to the next pointer 
pointing to an element that 
appears closer to the head of the 
structure. But cycles may occur 
also due to the “content” field.     



Detecting Cycles: First Variant 

def detect_cycle1 (lst): 
     dict ={ } 
     p= lst 
     while True : 
          if (p == None ): 
               return False 
          if (p in dict ): 
               return True 
          dict [p ]=1 
          p = p. next 
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Note that we are adding the 
whole list element (“box") to 
the dictionary, and not just its 
contents. 
Can we do it more efficiently? 
In the worst case we may have 
to traverse the whole list to 
detect a cycle, so O(n) time in 
the worst case is inherent. But 
can we detect cycles using just 
O(1) additional memory? 



Detecting cycles: Bob Floyd’s  
 Tortoise and the Hare Algorithm (1967) 
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The hare moves twice as quickly as the tortoise. Eventually they 
will both be inside the cycle. The distance between them will 
increase by 1 at each additional step.  
When this distance is divisible by the length of the cycle, they 
actually are on the same point on the cycle. 
 
 
 
See demo on board. 



Detecting cycles: Bob Floyd’s  
 Tortoise and the Hare Algorithm (1967) 
def detect_cycle2 ( lst ): 
     “”” Floyd’s tortoise and hare algorithm “”” 
     slow = fast = lst 
     while True : 
          if ( slow == None or fast == None ): 
               return False 
          if ( fast.next == None ): 
               return False 
          slow = slow.next 
          fast = fast.next.next 
          if ( slow is fast ): 
               return True 
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The same idea is used in the so 
called “rho algorithm” of John 
Pollard* for factoring integers.  
We may discuss this beautiful 
idea in the future. 
 
           * no relation whatsoever 



Testing the cycle algorithms 
The python file contains a function that converts a string to a 
linked list, and a function  that introduces a cycle in a list.  
 
>>> lst = string_to_linked_list("abcde") 
>>> lst 
a b c d e  
>>> detect_cycle1(lst) 
False 
>>> create_cycle(lst,2,4) 
>>> detect_cycle1(lst) 
True 
>>> detect_cycle2(lst) 
True 
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Perils of “Regular" Python Lists 

Even with non-linked lists, mutations may introduce cycles. In 
this example, either append or assign do the trick. 
>>> lst =["a","b","c","d","e"] 
>>> lst . append ( lst ) 
>>> lst 
['a', 'b', 'c', 'd', 'e', [...]] 
>>> lst =["a","b","c","d","e"] 
>>> lst [3]= lst 
>>> lst 
['a', 'b', 'c', [...] , 'e'] 
>>> lst [1]= lst 
>>> lst 
['a', [...] , 'c', [...] , 'e'] 
We see that Python recognizes such cyclical lists and [...] is 
printed to indicate the fact. 
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Linked lists: additional issues 

Note that in Python, items of different types can 
appear in the same list.  

Some programming languages require 
homogenous lists (namely all elements should 
be of the same type). 
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Linked data structures 

Linked lists are just the simplest form of linked data 
structures, we can use pointers to create structures 
of arbitrary form. 

For example doubly-linked lists, whose nodes include 
a pointer from each item to the preceding one, in 
addition to the pointer to the next item. 

We can also create binary trees, where each node 
points to its left and right child. Binary trees may be 
used as search trees, and more specialized balanced 
search trees. 

We can also represent arbitrary graphs. 
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Trees 

Trees are useful models for representing 
different physical or abstract structures. 

Trees may be defined as a special case of 
graphs. The properties of graphs and trees are 
discussed in the course Discrete Mathematics 
(and used in many courses). 

We will only discuss a common form of  so 
called (rooted) trees. 
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Graphs 

A graph is a structure with Nodes (or vertices) and 
Edges. An edge connects two nodes. 

In directed graphs, edges have a direction (go from 
one node to another). 

In undirected graphs, the edges have no direction. 
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Example: undirected graph. 
Drawing from wikipedia 



Season’s Greeting 

צוות הקורס מאחל לכל הסטודנטיות והסטודנטים 

,  חג אביב שמח, (מחוץ למסכי המחשב)חופש נעים 

 (.וכשרים לאוכלי קטניות)ורכיבי מזון מאוזנים 
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 בן דור דתיה: מילים ולחן

  

 ?  איך יודעים שבא אביב

  סביבמסתכלים סביב 

 בשבילים   בוצקהואם רואים שאין עוד 

 ואם רואים שנעלמו המעילים  

 ואם פרג וגם חרצית  

 לכבוד החג קישטו ארצי 

 

 (  אז יודעים)אז יודעים 

 (  שבא אביב)שבא אביב 

 ,  אז יודעים שבא אביב

 .  אז יודעים שבא אביב

http://www.tevahadvarim.co.il/teva/mag-187/article-511 

http://shironet.mako.co.il/artist?prfid=1743&lang=1
http://shironet.mako.co.il/artist?prfid=1743&lang=1
http://shironet.mako.co.il/artist?prfid=1743&lang=1
http://shironet.mako.co.il/artist?prfid=1743&lang=1
http://shironet.mako.co.il/artist?prfid=1743&lang=1

