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http://www.science.smith.edu/dftwiki/index.php/
Nice_Wrapping_Paper...

http://www.science.smith.edu/dftwiki/index.php/Nice_Wrapping_Paper
http://www.science.smith.edu/dftwiki/index.php/Nice_Wrapping_Paper
http://www.science.smith.edu/dftwiki/images/c/ce/WarppingPaper4.png
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Polymorphism

http://www.nature.com/nature/journal/v477/n7363/fig_tab/nature10341_F1.html

http://www.nature.com/nature/journal/v477/n7363/fig_tab/nature10341_F1.html
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Poly = Many
         Morph = Form, Shape
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Image taken from http://stackoverflow.com/questions/3322318/explain-polymorphism

Poly = Many
         Morph = Form, Shape

http://stackoverflow.com/questions/3322318/explain-polymorphism


D. Thiebaut, Computer Science, Smith College

Image taken from http://stackoverflow.com/questions/3322318/explain-polymorphism

Speak()

Poly = Many
         Morph = Form, Shape

http://stackoverflow.com/questions/3322318/explain-polymorphism
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Image taken from http://stackoverflow.com/questions/3322318/explain-polymorphism

Speak()

Poly = Many
         Morph = Form, Shape

http://stackoverflow.com/questions/3322318/explain-polymorphism
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Image taken from http://stackoverflow.com/questions/3322318/explain-polymorphism

Speak()

Poly = Many
         Morph = Form, Shape

http://stackoverflow.com/questions/3322318/explain-polymorphism
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Image taken from http://stackoverflow.com/questions/3322318/explain-polymorphism

Polymorphism is the ability 
for a function, or method, to 
behave differently depending 
on which class it belongs to, 
or what type of parameter 
is given to it.

Poly = Many
         Morph = Form, Shape

http://stackoverflow.com/questions/3322318/explain-polymorphism
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Let's Code this!



D. Thiebaut, Computer Science, Smith College

animalsTalk.py
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Polymorphism

Polymorphism

Polymorphism
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Overloading
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Another Example
of Polymorphism:

the + operator
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Another Example
of Polymorphism:

the + operator
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Overloading

Another Example
of Polymorphism:

the + operator



–Guido van Rossum

“Abundant 
syntax brings 
more burden 
than help.” 



–Guido van Rossum

“Abundant 
syntax brings 
more burden 
than help.” 

and       del       from      not       while
as        elif      global    or        with

assert    else      if        pass      yield
break     except    import    print

class     exec      in        raise
continue  finally   is        return 

def       for       lambda    try
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Dictionaries
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Review Lists 
dogs = [ “Ralph”, “Blake”, “Fido”, “Rex”, “Milou” ]
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dogs = [ “Ralph”, “Blake”, “Fido”, “Rex”, “Milou” ]

“Ralph”

“Blake”

“Fido”
“Rex”

“Milou”

dogs

Review Lists 
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0

1

2

3

4

“Ralph”

“Blake”

“Fido”
“Rex”

“Milou”

Index Value

dogs

dogs = [ “Ralph”, “Blake”, “Fido”, “Rex”, “Milou” ]

Review Lists 
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Dictionaries: Indexing
Data by Name
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What we’d like:"Apple"       : 95, 
"Apricot"     : 29, 
"Avocado"  : 270, 
"Banana"    : 95, 
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What we’d like:

“Apple”

“Apricot”

“Avocado”

95

29

270

calories

“Banana” 95

"Apple"       : 95, 
"Apricot"     : 29, 
"Avocado"  : 270, 
"Banana"    : 95, 
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What we’d like:

“Apple”

“Apricot”

“Avocado”

95

29

270

calories

“Banana” 95

"Apple"       : 95, 
"Apricot"     : 29, 
"Avocado"  : 270, 
"Banana"    : 95, 

Key Value



D. Thiebaut, Computer Science, Smith College

Zelle, Section 11.7Zelle, Section 11.7

DICTIONARYDICTIONARY
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Dictionaries

• Dictionaries are Data Structures 

• The item used as an index is called the key 

• The item associated with the key is the value

• A dictionary is a container, or a collection of (key, 
value) pairs

• Searching for a key in a dictionary is a very fast 
operation.

searchListAndDictionary.py
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Example
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Programming Example 1
How many calories in a smoothie?

https://www.justataste.com/healthy-secret-ingredient-smoothies-recipe/

totalCalories.py
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totalCalories.py
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Adelyn@smith.edu     MTH 
Adison@mtholyoke.edu ARH 
Aisha@smith.edu      MTH 
Alana@smith.edu      MTH 
Aleena@smith.edu     CSC 
. 
. 
. 
Taniya@smith.edu     SPN 
Tara@smith.edu       CSC 
Tatum@smith.edu      MTH 
Tianna@smith.edu     ARH 
Tiara@smith.edu      CSC 
Tori@smith.edu       MTH 
Violet@smith.edu     ARH 
Wendy@smith.edu      ECO 
Yareli@smith.edu     FRN 
Yaritza@smith.edu    ARH 
Yuliana@smith.edu    ECO 
smithy@umass.edu     ARH

Programming Example 2
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Adelyn@smith.edu     MTH 
Adison@mtholyoke.edu ARH 
Aisha@smith.edu      MTH 
Alana@smith.edu      MTH 
Aleena@smith.edu     CSC 
. 
. 
. 
Taniya@smith.edu     SPN 
Tara@smith.edu       CSC 
Tatum@smith.edu      MTH 
Tianna@smith.edu     ARH 
Tiara@smith.edu      CSC 
Tori@smith.edu       MTH 
Violet@smith.edu     ARH 
Wendy@smith.edu      ECO 
Yareli@smith.edu     FRN 
Yaritza@smith.edu    ARH 
Yuliana@smith.edu    ECO 
smithy@umass.edu     ARH

countMajors.py

Programming Example 2
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Adelyn@smith.edu     MTH 
Adison@mtholyoke.edu ARH 
Aisha@smith.edu      MTH 
Alana@smith.edu      MTH 
Aleena@smith.edu     CSC 
. 
. 
. 
Taniya@smith.edu     SPN 
Tara@smith.edu       CSC 
Tatum@smith.edu      MTH 
Tianna@smith.edu     ARH 
Tiara@smith.edu      CSC 
Tori@smith.edu       MTH 
Violet@smith.edu     ARH 
Wendy@smith.edu      ECO 
Yareli@smith.edu     FRN 
Yaritza@smith.edu    ARH 
Yuliana@smith.edu    ECO 
smithy@umass.edu     ARH

countMajors.py

Programming Example 2



D. Thiebaut, Computer Science, Smith College

CREDIT: MOVIESTORE/REX/SHUTTERSTOCK

Programming Example 3

Street Car Named Desire
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http://well-formed.eigenfactor.org/index.html

http://www.science.smith.edu/dftwiki/index.php/Visualizations:_Lexical/Text

http://well-formed.eigenfactor.org/index.html
http://www.science.smith.edu/dftwiki/index.php/Visualizations:_Lexical/Text


D. Thiebaut, Computer Science, Smith College

streetCarWithDictionaries.py
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Recursion
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Tough problems, simple solutions 

Recursion & Recursive Functions  

Finding the Largest in a List 

Finding the Smallest in a List 

Factorial 

Traversing a Maze 

Fractal Trees 

Towers of Hanoi
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http://weheartswift.com

http://weheartswift.com
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A B C

http://en.wikipedia.org

http://en.wikipedia.org
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A B C

A B 
A C 
B C 
A B 
C A 
… 

http://en.wikipedia.org

http://en.wikipedia.org
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Some Problems Can be Solved
With Little Coding using

Special Programming 
Techniques
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Recursive Functions
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Solving Problems
Recursively: 

Class Exercises

Largest in a list 

Smallest in a list 

Find item in a list

Wrap text 

Factorial

Draw a Chessboard
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Find the largest in a list…
bunch of bananas
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Find the largest in a list…
bunch of bananas

(Lazy, but clever. 
Has lots of friends)
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Python
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Python

Stopping
Condition

Recursive
Step
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Animation
100 
120 
111 

     118
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Animation

100 
120 
111 

     118
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Animation

100 
120 
111 

   
118
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Animation

118
100 
120 

   
111
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Animation

118 111

100 
   

120
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Animation

118 111 120

100
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Animation

118 111 120 100
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Animation

118 111 120
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Animation

120118
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Animation120
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Once Again!
With this Simplified Version
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Once Again!
With this Simplified Version

Stopping
Condintion

Recursive
Step
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Animation
100 
120 
111 

     118
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Animation

100 
120 
111 

     118
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Animation
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Animation
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Animation

118
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100
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Animation

118 100

111 
   

120
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Animation

118 100 120

111
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Animation

118 100 120 111
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Animation

118 100 120
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Animation

120118
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Animation120
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Minions: Can you tell 
me if there’s a banana

that weighs 118 grams?
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Minions: Here's a bunch of 
bananas.  Return to me the 

smallest and the largest.
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Tough problems, simple solutions 

Recursive Functions  

Finding the Largest in a List 

Finding the Smallest in a List 

Factorial 

Traversing a Maze 

Towers of Hanoi
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Standard CS
Example: Factorial
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Factorial

• given: positive integer n  

• wanted: factorial of n = n!   
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• given: positive integer n  

• wanted: factorial of n = n!  =  
1                if n == 1 

n x (n-1)!   otherwise{

Factorial
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Factorial

• given: positive integer n  

• wanted: factorial of n = n!  =  
1                if n == 1 

n x (n-1)!   otherwise{
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Factorial

• given: positive integer n  

• wanted: factorial of n = n!  =  
1                if n == 1 

n x (n-1)!   otherwise{
5! = 5 x 4!  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Factorial

• given: positive integer n  

• wanted: factorial of n = n!  =  
1                if n == 1 

n x (n-1)!   otherwise{
5! = 5 x 4!  
    = 5 x 4 x 3!  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Factorial

• given: positive integer n  

• wanted: factorial of n = n!  =  
1                if n == 1 

n x (n-1)!   otherwise{
5! = 5 x 4!  
    = 5 x 4 x 3!  
    = 5 x 4 x 3 x 2!  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Factorial

• given: positive integer n  

• wanted: factorial of n = n!  =  
1                if n == 1 

n x (n-1)!   otherwise{
5! = 5 x 4!  
    = 5 x 4 x 3!  
    = 5 x 4 x 3 x 2!  
    = 5 x 4 x 3 x 2 x 1!  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Factorial

• given: positive integer n  

• wanted: factorial of n = n!  =  
1                if n == 1 

n x (n-1)!   otherwise{
5! = 5 x 4!  
    = 5 x 4 x 3!  
    = 5 x 4 x 3 x 2!  
    = 5 x 4 x 3 x 2 x 1!  
    = 5 x 4 x 3 x 2 x 1  = 120
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Demo Time!
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Under the Hood:

Animated Python 
Functions



def f1( a ): 
   temp = a*2 
   return temp 

x = 4 
y = f1( x ) 
print( y )

1
2
3
4
5
6
7



def f1( a ): 
   temp = a*2 
   return temp 

x = 4 
y = f1( x ) 
print( y )

x: 4  
y:   1

2
3
4
5
6
7



def f1( a ): 
   temp = a*2 
   return temp 

x = 4 
y = f1( x ) 
print( y )

x: 4  
y:
f1:  (return to 6)  
a:  
temp:

1
2
3
4
5
6
7



def f1( a ): 
   temp = a*2 
   return temp 

x = 4 
y = f1( x ) 
print( y )

x: 4  
y:
f1:  (return to 6)  
a: 4  
temp:

1
2
3
4
5
6
7



def f1( a ): 
   temp = a*2 
   return temp 

x = 4 
y = f1( x ) 
print( y )

x: 4  
y:
f1:  (return to 6)  
a: 4  
temp: 8

1
2
3
4
5
6
7



def f1( a ): 
   temp = a*2 
   return temp 

x = 4 
y = f1( x ) 
print( y )

x: 4  
y:
f1: 8(return to 6)  
a: 4  
temp: 8

1
2
3
4
5
6
7



def f1( a ): 
   temp = a*2 
   return temp 

x = 4 
y = f1( x ) 
print( y )

x: 4  
y: 8
f1: 8(return to 6)  
a: 4  
temp: 8

1
2
3
4
5
6
7



def f1( a ): 
   temp = a*2 
   return temp 

x = 4 
y = f1( x ) 
print( y )

x: 4  
y: 81

2
3
4
5
6
7



def f1( a ): 
   temp = a*2 
   return temp 

x = 4 
y = f1( x ) 
print( y )

x: 4  
y: 81

2
3
4
5
6
7



def f1( a ): 
   temp = a*2 
   return temp 

x = 4 
y = f1( x ) 
print( y )

x: 4  
y: 8

8

1
2
3
4
5
6
7
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We stopped here
last time…



Recursion: Factorial
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   

-1
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   



1
2
3
4
5
6
7
8

def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
fact:  (ret. to 4)  
n:2   



1
2
3
4
5
6
7
8

def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
fact:  (ret. to 4)  
n:2   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
fact:  (ret. to 4)  
n:2   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
fact:  (ret. to 4)  
n:2   
fact:  (ret. to 4)  
n:1   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
fact:  (ret. to 4)  
n:2   
fact:  (ret. to 4)  
n:1   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
fact:  (ret. to 4)  
n:2   
fact:  (ret. to 4)  
n:1   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
fact:  (ret. to 4)  
n:2   
fact:1 (ret. to 4)  
n:1   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
fact:  (ret. to 4)  
n:2*1   
fact:1 (ret. to 4)  
n:1   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
fact:  (ret. to 4)  
n:2*1   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3   
fact:2 (ret. to 4)  
n:2*1   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3*2   
fact:2 (ret. to 4)  
n:2*1   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:  (ret. to 4)  
n:3*2   



1
2
3
4
5
6
7
8

def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4   
fact:6 (ret. to 4)  
n:3*2   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:  (ret. to 7)  
n:4*6   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:   
fact:24(ret. to 7)  
n:4*6   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:24   
fact:24(ret. to 7)  
n:4*6   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:24   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:24   
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

x: 4  
y:24   

24
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def fact( n ): 
   if n<=1: 
      return 1 
   return n*fact(n-1) 

x = 4 
y = fact( x ) 
print( y )

24



D. Thiebaut, Computer Science, Smith College

Minions: Can you tell 
me if there’s a banana

that weighs 118 grams?



D. Thiebaut, Computer Science, Smith College

Minions: Here's a bunch of 
bananas.  Return to me the 

smallest and the largest.



D. Thiebaut, Computer Science, Smith College

We stopped here
last time…


