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http://www.nature.com/nature/journal/v477/n7363/fig_tab/nature10341_F1.html
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http://stackoverflow.com/questions/3322318/explain-polymorphism
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http://stackoverflow.com/questions/3322318/explain-polymorphism

Poly = Many
Morph = Form, Shape
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http://stackoverflow.com/questions/3322318/explain-polymorphism

Poly = Many

Morph = Form, Shape



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

Poly = Many

Morph = Form, Shape

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 1o It.

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

Let's Code this!
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\class Animal:
i def whatAreYou( self ):
return
def sleep( self ):
print( "Zzzzzz..‘\nr )
del speak( self ).
return

O ® *animalsTalk.py - /Users)thiebaut/Deskiop/Dropbox) 11lani'nal.\T;-|Ik§

'class Dog( Animal ):
def whatAreYou( self ):
print( "I'm a dog!" )
' def speak( self ):
print( "Woof, woof!" )

class Cat( Animal ):
' def whatAreYou( self ):
print( "Why, I'm a cat. Leave me alone!" )
det speak( self ):
print( "Meow!" )

closs Duck( Animal ):
def whatAreYou( self ):
orint( "Donald" )
del speak( self ):
print( "Quack, quack!"™ )

animalsTalk.py el s AN s
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O ® *animalsTalk.py - /Users)thiebaut/Deskiop/Dropbox) * 11 /animalsTalk

\class Animal:
i def whatAreYou( self ):
return

def sleep( self ):
print( Zzzzzz...\nr )

def speak( self ):

return
'class Dog( Animal ):
def whatAreYou( self ):
print( "I'm a dog!" )

= ' def speak( self ):
‘“‘A:-::n’lml"'ralk py - jUsers: nl'\bwt'acsktopfo opboi) Dr"i. nt( "Woof " woof!" )
<
3

def main(Q): f
garfield
rex
ducky

CatQ) class Cat( Animal ):

Dog() ' def whatAreYou( self ):
Duck()

I | B

orint( "Why, I'm a cat. Leave me alone!"

garfield.whatAreYou() def Sp?ak( felf )':'
garfield.speak() print( "Meow!" )
garfield.sleep()

closs Duck{ Animal ):

rex.whatAreYou() def whatAreYou( self ):
rex.speak()

rex.sleep() print( "Donald"” )

del speak( self ):
ducky . whatAreYou() printC "Quack, quack!" )

ducky.speak()
ducky.sleep()

.‘"‘ﬁJ"““n'n"“‘-uﬁ“K

main()

Ln: 28 Col: 4
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return

def sleep( self ):
‘ ) | orint( "Zzzzzz...\n|' )
‘Q“"d‘ ef speak( self ):

return
class Dog( Animal ):
def whatAreYou( self ):
print( "I'm a dog!" )

“Now O ® *animalsTalk.py - /Users)thiebaut/Deskiop/Dropbox) * 11 /animalsTalk
Speak”’ \class Animal:
| d f whatAreYou( self ):
g ' def speak( self ):
““A;-:z.:,n’lmﬂalk py - jUsers): nl*bmn'acsktopfo opb0x) 7 pr‘i nt( "Woof " woof!" )
<
3

def ma'Ln()
garfield = Cat() ® O Python 3.5.4 Shell
rex =Dogd ) ======== KESIAKI . /UuSerss/7tniepaut/uvesKt

ducky = DuckQ) op/Dropbox/111/animalsTalk.py
garfield.whatAreYou() Why, I'm a cat. Leave me alone!

garfield.speak() Meow!
garfield.sleep()

I

LA
!

lzzzzz. ..
rex.whatAreYou() I'm a dog!

rex.speak() Woof, woof!
rex.slee

PO lzzzzz. ..
ducky.whatAreYou() Donald

ducky.speak()

|
ducky.sleep() Quack, CIUGCk.|

lzzzzz. ..
main() >>>

Ln: 58 Col: 4 Ln: 23 Col: 13
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\class Animal:
i def whatAreYou( self ):
return
def sleep( self ):
print( "Zzzzzz..‘\nr )
del speak( self ).
return

O ® *animalsTalk.py - /Users)thiebaut/Deskiop/Dropbox) 11lani'nal.\T;-|Ik§

'class Dog( Animal ):
def whatAreYou( self ):
print( "I'm a dog!" )
' def speak( self ):
print( "Woof, woof!" )

PO @ Python 3.5.4 Shell

———————— KEDIAKI : /USers/tniepaut/uUesKt
e T e | op/Dropbox/111/animalsTalk.py - ")
garfield.whatAreYou() Whe. Tle =~ -~ Leave me alone!
garfield.speak() i
garfield.sleep() P0|ymorphlsm
LZZZ2ZZ. ..
rex.whatAreYou() I T'"m ~ Anfl!

?
|
|
|
|

rex.speak() =
rex.sleep() P0|ymorphlsm ’f|
LLLLLL . ..

ducky.whatAreYou() I NAanAl A
ducky.speak() =
ducky.sleenC) Polymorphism«!|

_ LLZZZZ. ..

main() >SS
Ln: 58 Cal: 4 Ln: 23 Col: 13
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return

def sleep( self ):
‘ ) ' orint( "Zzzzzz...\n|' )
‘Q“"d‘ ef speak( self ):

“Now O ® *animalsTalk.py - /Users)thiebaut/Deskiop/Dropbox) * 11 /animalsTalk
Speak”’ \class Animal:
| d f whatAreYou( self ):
return }
Overloading
class Dog( Animal ):
def whatAreYou( self ):
printC "I'm a dog!" )
A;Bxg7?7 ' def speak( self ):
<
'}

® “animalsTalk.py - /Users;thizbaut/Deskiop/Dropbo 1. prlnt( "WOOf’, woot!" )

d:-f main(): .
garfield = Cat() 00 Python 3.5.4 Shell
rex =DogO | ======== KESIAKI . /USers/tniepaut/uesKt
ducky = Duck() .

op/Dropbox/111/animalsTalk.py K

garfield.whatAreYou() Why, I'm a cat. Leave me alone!
garfield.speak() Meow!

arfield.slee
g PO lzzzzz. ..

rex.whatAreYou() I'm a dog!
rex.speak() Woof, woof!
rex.sleep() ? '
lzzzzz...
ducky.whatAreYou() Donald

ducky.speak()

ducky.sleep() QuaCk; quaCk !|

lzzzzz. ..

main() SSS

Ln: 58 Col: 4 Ln: 23 Col: 13
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Another Example
of Polymorphism:
the + operator




Another Example
of Polymorphism:
the + operator

O ® Python 3.5.0b1 Shell

Python 3.5.0bl (v3.5.0bl:071fefbb5e3d, May 23 2015, 18:22:54)
[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin

Type "copyright", "credits" or "license()" for more information.
>>>

>>> 1 + 10

e~

11

>>>

>>> "Smith" + " " + "College"
'Smith College'’

>>>

>>> ["Doc", "Grumpy", "Happy"] + ["Sleepy", "Bashful", "Sneezy", "Dopey" ]
[ 'Doc', 'Grumpy', 'Happy', 'Sleepy', 'Bashful’', 'Sneezy', 'Dopey’']

>>>

>>> ("Joe", 3) + ("Marie", 4)

('Joe', 3, 'Marie', 4)
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Another Example
of Polymorphism:
the + operator

O ® Python 3.5.0b1 Shell

Python 3.5.0bl (v3.5.0bl:071fefbb5e3d, May 23 2015, 18:22:54)
[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin

Type "copyright", "credits" or "license()" for more information.
>>>

S

>>> :
Y Overloading
>>>

>>> "Smith" + " "!+! "College"

'Smith College'’

>>>

>>> ["Doc", "Grumpv' ,. Happy"]l:+ ["Sleepy", "Bashful", "Sneezy", "Dopey" ]
['Doc', 'Grumpy', : appy', 'Sleepy’', 'Bashful', 'Sneezy', 'Dopey’]

>>>

>>> ("Joe", 3) + ("Marie", 4)

('Joe', 3, 'Marie', 4)

D. Thiebaut, Computer Science, Smith College



"Abundant
syntax brings

more burden
than nelp.”

—Guido van Rossum




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



Dictionaries
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Review Lists

dogs = | “Ralph”, “Blake”, “Fido”, "Rex”, “Milou™ |
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Review Lists

dogs = | “Ralph”, “Blake”, “Fido”, "Rex”, “Milou™ |

“Ralph”

dogs

‘Blake”

“Fido”

"Rex”

“Milou”
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Review Lists

dogs = | “Ralph”, “Blake”, “Fido”, "Rex”, “Milou™ |

Index —

“Ralph”

dogs

‘Blake”

“Fido”

"Rex”

“Milou”

Q‘.} D. Thiebaut, Computer Science, Smith College
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Dictionaries: Indexing

Data by Name




‘Apple’ 95, What we’d like:

"Apricot” 29,
"Avocado’ : 270,
'‘Banana' ;95
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‘Apple’ 95 What we’d like:

"Apricot” 29,
"Avocado’ : 270,
'‘Banana' ;95

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

"Apricot” 29,
"Avocado’ : 270,
'‘Banana' ;95

calories
"Apple” 95
"Apricot” 29
"Avocado” 270
"‘Banana” 95

- Value
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DICTIONARY

D. Thiebaut, Computer Science, Smith College



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

A. D. Thiebaut, Computer Science, Smith College




Example

o0 @ Python 3.5.4 Shell
Python 3.5.4 (v3.5.4:3f56838976, Aug 7 2017, 12:56:33)
[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin
Type "copyright", "credits" or "license()" for more information.
>>> stocks = {

"DIIA": 24733.38,

'S&PTL 2098.45,

"NASDAQ": 7261.41,

"CNBC IQ" : 269.97,

"RUSS ZK™ © 1580.33,

"FTSE" © 7318.42 }
>>> stocks[ "DJIA" ]

24733.38

>>> stocks[ "FISE" ]
7318.42

>>> [or stock 1n stocks:

print( stock )

FTSE
CNBC 10
NASDAQ
S&P
DJIA
RUSS 2K

>>>

Lr: 25 Col: 4

D. Thiebaut, Computer Science, Smith College



Example

one Python 3.5.4 Shell

>>> for st in stocks:
print( st, "-->", stocks[st] )

FTSE --> 7318.47
CNBC IQ --> 269.97
NASDAQ --> 7261.41
S&P --> 2698.45
DIJIA --> 24733.38
RUSS 2K --> 158@.33
>>> stocks[ "DAX" ] = 12558.91
>>> tor st in stocks:
print( st, "-->", stocks[st] )

FISE -—> 7318.42
CNBC IQ --> 269.97
NASDAQ --> 7261.41
S&P --> 2698.45
DJIA --> 24733.38
DAX --> 12558.91
RUSS 2K --> 158@.33
>

Ln: 61 Cal: 4

R ———
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Example

o o Python 3.5.4 Shell
>>> stocks[ "DAX" ] = 12558.91
>>> for st in stocks:

print( st, "-->", stocks[st] )

FTSE --> 7318.42
CNBC IQ --> 269.97
NASDAQ --> 7261.41
S&P --> 2698.45
DIJIA --> 24733.38
DAX --> 12558.91
RUSS 2K --> 1580.33
>>>

>>>

>>>

>>>

>>> # add 10 to S&P
>>> stocks[ "S&P" ] += 10
>>> stocks[ "S&P" ]
2708 .45

>>>
Ln: 59 Col: 4
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Example

K Python 3.5.4 Shell

-

>>>
>>>

>>>|

>>> # add 10 to S&P

>>> stocks[ "S&P" 1 += 10

>>> stocks[ "S&P" ]

2708 .45

>>> # test 1f key 1s 1n dictionary
>>> "DAX" 1in stocks

True

>>> "dax" 1in stocks

False

>>> "DJIA" 1in stocks

True

>>> "Djia" 1in stocks

False

>>> "RUSS 2K" 1in stocks

True

>>>
Ln: 60 Col: 4
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drogramming Example 1

How many calories in a smoothie?

\

- (

totalCalories.py

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

6.,‘» D. Thiebaut, Computer Science, Smith College
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® totalCrlories. py - Usarsfthiebaut/Desktos/Drepbox/1 1 1/xotalCelories.py (5 5.4)

totalCalories.py

D. Thiebaut :

A program illustrating the use of a dictionary totaICanrles.py
to compute the total amount of calories in a

smoothy containing several different fruit.

Additional fruit and calorie data can be found

at this URL: http://waw.lasting-weight-loss.com/calaries-in-fruit.html

R RTITHR R R g

caloriesDict = {
| ..Ap 91 e " . 95 , o = “retelCalories.py - fUsers/thiebaut/Deskiop/Dropbex) * 11/1otalCalorles. py (3.5 4)*

’ # define a list of smoothies and their contents

"Avocad? 3 270, Smoothies = [ ( "Blueberry”, "Banana", "Apple" ),

Bqnana , : 93, ¢ "fig", "grapefruit"”, "avocado" ) ]
"Blackberry' » 25,
"Blackcurrant™ : 28, # for each smoothie, compute the total number of calories
"Blueberry" 30, for smoothy in Smoothies:
"Boysenberry" . 606, totalCal = @
"Cherimoya" : 115, # display smoothie nicely formatted
"Coconut" : 351, print( "Smoothy:", ", ".join( smoothy ) )
"Cranberry" : 413, | o _ , _ _
"Date" . 107, # for each fruit in this smoothie, add 1ts calorie count
e . # to total

Fg - 43, for fruit n smoothy:
"Grapefruit"” : 48 } ¥

fruit = fruit.capitalize()

10 fruit 11 caloriesDict:

e — print( "{0:20} >{1:5}".format( fruit, caloriesDict[ fruit ] )
totalCal = totalCal + caloriesDict[ fruit ]

# print total caLoried
print( "{0:20} {1:5} calories".format( "Total calories”, totalCal )

print()

main{)
Ln: 44 Col: 20
L re—— ————————
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Programming Example 2

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

A. D. Thiebaut, Computer Science, Smith College




Programming Example 2

Adelyn@smith ] edu MTH L BN *countiMajors.py - /Usersitnicbaut/Desktop/Dropbox 17 1/countMajors.py (3.5.4)*
Ad ison@mtho'[_yoke_ edu ARH ] c.r’eat(.a a dictionary for the majors
Aisha@smith.edu MTH majorsDict = {}

Alana@smith.edu MTH # process each line...

Aleena@smith.edu CSC for line in lines:

# split each line into 2 fields

] "y .

email, major = line.strip().split()

Taniya@smith.edu SPN except ValueError:
. continue

Tara@smith.edu CSC
Tatum@smith.edu MTH # if major not a key in dictionary,
Tianna@smith.edu ARH # add 1t... Diet

: : if not major in majorsDict:
Tia ra@smlth.edu CSC najorsDict[ major ] = 0
Tori@smith.edu MTH
Violet@smith_edu ARH # increment count for the major just found
Wendy@smith.edu ECO majorsDicel mdjor ] +=1
Ya rgli@smi’gh.edu FRN # display the majors and the number of students
Yaritza@smith.edu ARH "or major in majorsDict:
Yuliana@smith.edu ECO print( major, "-->", majorsDict[major] )
smithy@umass.edu ARH  winO

countMajors.py

D. Thiebaut, Computer Science, Smith College



Programming Example 2

Adelyn@smith.edu MTH & @@  comnmaionay  userstnichsuttoeskion/Orosbox/111 Goumtuiors sy (56,47
Adison@mtho'[_yoke_edu ARH # create a dictionary for the majors
Aisha@smith.edu MTH majorsDict = {f

Alana@smith.edu MTH # process each line...|

Aleena@smith.edu CSC for line in lines:

# split each line into 2 fields

 email, major = line.strip().split()

Taniya@smith.edu SPN preept Taluekrrors
Tara@smith.edu CSC R | | |
Tatum@smith.edu MTH {# if major not a key in dictionary,
Tianna@smith.edu ARH # add 1it... et

: : {1l not major in majorsDict:
Lo mn || et
Violet@smith.edu ARH " i.ncr'errlent COL.J'lt for the major just found }
Wendy@smith.edu ECO ynajorsbict[ major J +=1
Ya re_li@smi’gh.edu FRN # display the majors and the number of students
Yaritza@smith.edu ARH for major in majorsDict:
Yuliana@smith.edu ECO print(C major, "-->", majorsDict[major] )
smithy@umass.edu ARH  inO

countMajors.py

D. Thiebaut, Computer Science, Smith College



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

@® streetCarWithDictionaries.py - /Users/thiebaut/Desktop/Dropbox/111/streetCarWithDictionaries.py (3.5.4)

StreetCarWithDictionaries.py

D. Thiebaut

This program uses a dictionary of dictionaries
to count how many times the three characters
Stanley, Stella, and Blanche refer to each other
in the play Street Car Named Desire, by Tennessy
Williams

HHETFEHRIFTHRA"HR

PLAY = "streetCar.txt"

characterCounters = { "STANLEY": {"BLANCHE":@, "STELLA":@, "STANLEY":0 },
"BLANCHE": {"STANLEY":@, "STELLA":@, "BLANCHE":0 },
"STELLA": {"STANLEY":@, "BLANCHE":@,"STELLA":0 }

}

def getLinesFromPlay( fileName ):
""'opens the file given by 1ts name, and
returns all the text lines i1t contains.'''
file = open( fileName, 'r' )
lines = file.read()
lines = lines.split( "\n' )
file.close()

return lines

streetCarWithDictionaries.py

D. Thiebaut, Computer Science, Smith College



@ ® streetCarWithDictionaries.py - /Users/thiebaut/Desktop/Dropbox/ 111 /streetCarWithlictionaries.py (3.5.4)

def main(Q):
global PLAY, characterCounters

lines = getLinesFromPlay( PLAY )
for 1ine in lines:
# find lines that start with uppercase and contain o

1T len(line) > @ ond "A" <= 1ine[0] <= "Z" ond 1line.find( ':'" ) != -1:
# split the line at the first '":'
character, tirade = line.split( ":", 1 )

# skip lines where character 1s not a key in dictionary
.t character not in characterCounters:
continue

# make tirade uppercose so all character nomes ore uppercase
tirade = tirade.upper().strip()

# for each of the characters who are keys in dictionary...
tor otherCharacter 1n characterCounters:

# count how many times each appears in tirode

count = tirade.count( otherCharacter )

.t count !'= 0Q:
# update counter for character mentionning otherCharacter
characterCounters[ character ][ otherCharacter ] += count

Ln: 51 Col:3

D. Thiebaut, Computer Science, Smith College




O ® *streetCarwithDictionaries.py - jUsers/thiebaut/Lesktop/Dropbox/111/streetCarWithDicticneries.py (3.5.4)"

# display the resulting counts
‘or character in characterCounters:
print( character )

# get the dictionary of counters for that character
dico = characterCounters[ character ]

% go through each other-character in the dictionary, and display
# associated counts
for otherCharacter in dico:
print( " refers to", otherCharacter,
dico[otherCharacter ], "times"” )

main()

D. Thiebaut, Computer Science, Smith College



0] a Python 3 5 4 Shell

= RESTART: /Users/thiebaut/Desktop/Dropbox/111/streetCarWithDictionaries.py =
STANLEY
refers to STANLEY @ times
refers to BLANCHE 18 times
refers to STELLA 16 times
BLANCHE
refers to STANLEY 15 times
refers to BLANCHE 5 times
refers to STELLA 63 times
STELLA
refers to STANLEY 26 times
refers to BLANCHE 58 times
refers to STELLA @ times
>>> characterCounters[ "STANLEY" [ "STELLA™ ]
16
>>> characterCounters
{"STANLEY"': {'STANLEY': @, 'BLANCHE': 18, 'STELLA': 16}, 'BLANCHE': {"STANLEY':. 15,
"BLANCHE': 5, "STELLA': 63}, 'STELLA": {'STANLEY': 26, 'BLANCHE': 58, 'STELLA': 0}}

>>>|
Ln: 48 Col: 4

D. Thiebaut, Computer Science, Smith College



Recursion
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Tough problems, simple solutions

Q‘.}l Thiebaut, Computer Science, Smith College
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Number Of Disks: 4

(= +]

Restart

http://weheartswift.com
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http://weheartswift.com

http://en.wikipedia.or
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http://en.wikipedia.org

A B
AC
B C
A B
CA

http://en.wikipedia.org
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http://en.wikipedia.org

Some Problems Can be Solved
With Little Coding using
Special Programming
Techniques




Recursive Functions




Solving Problems
Recursively:
Class Exercises

Largest in a list Wrap text

Smallest in a list Factorial

Find item in a list Draw a Chessboard




bunch of bananas
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bunch of bananas

(Lazy, but clever.
Has lots of friends)

Q‘.} D. Thiebaut, Computer Science, Smith College
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'"this minione#8 given a bunch of bananas.
e s only 1 banana in the bunch, it will
return that banana as the largest in the bunch.

I"def minion( bunch )%

Python

If there's more than 1 banana in the bunch, this
minion will keep one banana (the first one it finds)
and pass the remainder of the bananas to another
minion. That new minion will follow the *exact*
same script in order to find the largest banana.

At some point that second minion will return the
largest of the bananas in the remainder. Our first
minion will compare that to the one it kept, and
return the largest of the two.

# if minion gets a bunch of 1 banana, that banana
# is the largest of what it got.
if len( bunch ) == 1:

banana = bunch([0]

return banana

# if we're here, it's because the bunch has more
# than 1 banana.

# keep the first one:

kept = bunch[0]

# create a smaller bunch: the remaining bananas
remainingBananas = bunch[l: )

# pass that to another mip'e‘-nv
largestOfRemainingBananas{™

# figure out which of the 2 bananas 18 1847
# one kept, or the one just returned
if kept > largestOfRemainingBananas:
return kept
else:
return largestOfRemainingBananas

def main():
bananas (1o, 2, 3, 20, -1, 5, 7, 0, 3, 6]
largest =~ minion( bananas )

print( "bunch = ", bananas )
print( "largest banana found = ", largest )

main()

D. Thiebaut, Computer Science, Smith College



def minion( bunch ):
this minion is given a bunch of bananas.

if there's only 1 banana in the bunch, it will
return that banana as the largest in the bunch.

If there's more than 1 banana in the bunch, this
minion will keep one banana (the first one it finds)
and pass the remainder of the bananas to another
minion. That new minion will follow the *exact*
same script in order to find the largest banana.

At some point that second minion will return the
largest of the bananas in the remainder. Our first
minion will compare that to the one it kept, and
return the largest of the two.

LR

# if minion gets a bunch of 1 banana, that banana

# is the largest of what it got. o Stopping

if len( bunch ) == 1: e
b = b h{0] it \ 7 Egm
ceturn banana ———,  Condition

# if we're here, it's because the bunch has more ’ — .
# than 1 banana.

# keep the first one:

kept bunch([0]

# create a smaller bunch: the remaining bananas
remainingBananas bunch[l: )

# pass that to another minion it
largestOfRemainingBananas minion( remainingBananas ) §

# figure out which of the 2 bananas is largest: . Recu rSive

# one kept, or the one just returned

if kept > largestOfRemainingBananas: " St
return kept ep
else: =

return largestOfRemainingBananas ' — S
def main():
bananas (10, 2, 3, 20, -1, 5, 7, 0, 3, 6]
largest -~ minion( bananas )

print( "bunch = ", bananas )
print( "largest banana found = ", largest )

main()

Qé} D. Thiebaut, Computer Science, Smith College
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Once Again!
With this Simplified Version

def minion( bunch ):
1f len( bunch )==1:
return bunch[0]

kept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining
else:
return kept

def main():
bananas = [100, 120, 111, 118]
print( "biggest = ", miniof( bananas )

main()

D. Thiebaut, Computer Science, Smith College



Once Again!
With this Simplified Version

def minion( bunch ):
1f len( bunch )==1:
return bunch[0]

kept = bunch[0]
remaining = bunch[1l: ]

return biggestRemaining
else:
return kept

def main():

main()

biggestRemaining = minion( remaining )

if biggestRemaining > keptéwa ~

bananas = [100, 120, 111, 118]
print( "biggest = ", miniof( bananas )

Stopping
Condintion

Recursive
Step

D. Thiebaut, Computer Science, Smith College
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def minion( bunch ):
if len( bunch )==1:
return bunch[0]

kept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining

else:
return kept

de f smateri)m
bananas = [100, 120, }11, 118]

R ey w2y ] e . e Sepp——
o T Lo b A —niae 14 fu.ﬂ.ai..vha\ DANaNAS )

main()
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def minion( bunch ):
if len( bunch )==1:
return bunch[0]

kept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining
else:
return kept

def maint).:
baranas = [100, 120, 111, 118]
print( "biggest = ", miniof( bananas )

main()

D. Thiebaut, Computer Science, Smith College
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(ef minion( bunch ):
TTIen( ouncn )==1l:
return bunch[0]

kept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining
else:
return kept

def main():
bananas = [100, 120, 111, 118]
print( "biggest = ", miniof( bananas )

main()

Animation
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def minion( bunch ):
if len( bunch )==1:
return bunch[0]

kKept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining

else:
return kept

def main():
bananas = [100, 120, 111, 118]

print( "biggest = ", mlnlof( bananas )

main()
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def minion( bunch ):
if len( bunch )==1:
return bunch[0]

kKept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining

else:
return kept

def main():
bananas = [100, 120, 111, 118]

print( "biggest = ", miniof( bananas )

main()

Animation
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def minion( bunch ):
if len( bunch )==1:
return bunch[0]

kept = bunch[O0]
remaining = bunch[1l: ] ,

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining
else:
return kept

def main():
bananas = [100, 120, 111, 118]
print( "biggest = ", miniof( bananas )

main()
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de f.mipniont hv;ﬂh ).
if len( bunch )==1:
return bunch[0]

kept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining
else:
return kept

def main():
bananas = [100, 120, 111, 118]
print( "biggest = ", miniof( bananas )

main()
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def minion( bunch ):
if len( bunch )==1:
return bunch[0]

kept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining
else:
return kept

def main():

bananas = [100, 120, 111, 118]

print( "biggest = ", M1n105( bananas )
main()

Animation
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def minion( bunch ):
if len( bunch )==1:
return bunch[0]

kept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining
else:
return kept

def main():
bananas = [100, 120, 111, 118]
print( "biggest = ", miniof( bananas )

main()

Animation
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def minion( bunch ):
if len( bunch )==1:
return bunch[0]

kept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining
else:
return kept

def main():
bananas = [100, 120, 111, 118]
print( "biggest = ", miniof( bananas )

main()

Animation
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def minion( bunch ):
if len( bunch )==1:
return bunch[0]

kept = bunch[0]
remaining = bunch[1l: ]

biggestRemaining = minion( remaining )

if biggestRemaining > kept:
return biggestRemaining
else:
return kept

def main():
bananas =_1100_ 120 _ 111 __ 118]
print( "biggest = ", miniof( bananas )

main()

D. Thiebaut, Computer Science, Smith College
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Minions: Can you tell ¢}
me if there’s a banana
that weighs 118 grams? ‘




Minions: Here's a bunch of
bananas. Return to me the
smallest and the largest. ‘




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

D. Thiebaut, Computer Science, Smith College



Standard CS
Example: Factorial




Factorial

* given: positive integer n

e wanted: factorial of n = n!

Qf.j» D. Thiebaut, Computer Science, Smith College



Factorial

* given: positive integer n

1 fn==1
 wanted: factorial of n = n! =

nx (n-1)! otherwise

A. D. Thiebaut, Computer Science, Smith College




* given: positive integer n

e wanted: factorial of n =

Q‘.} D. Thiebaut, Computer Science, Smith College
A Y

Factorial

nl =

1 fn==1

nx (n-1)! otherwise




* given: positive integer n

e wanted: factorial of n =

5 =5 x 4l

Q‘.} D. Thiebaut, Computer Science, Smith College
A Y

Factorial

nl =

1 fn==1

nx (n-1)! otherwise




* given: positive integer n

e wanted: factorial of n =

5l =5 x 4]
=5x4 x 3!

A. D. Thiebaut, Computer Science, Smith College

Factorial

nl =

1 fn==1

nx (n-1)! otherwise




* given: positive integer n

e wanted: factorial of n =

5l =5 x 4]
=5x4 x 3!
=5x4x3x?2l

A. D. Thiebaut, Computer Science, Smith College

Factorial

nl =

1 fn==1

nx (n-1)! otherwise




* given: positive integer n

e wanted: factorial of n =

S5l =5 x 4l
=5x4 x 3l
=5x4x3x2!
=5x4x3x2x1!

A. D. Thiebaut, Computer Science, Smith College

Factorial

nl =

1 fn==1

nx (n-1)! otherwise




Factorial

* given: positive integer n
1 fn==1
 wanted: factorial of n=n! =

nx (n-1)! otherwise

5l =5 x4l
=5x4 x 3
=5x4x3x2
=5x4x3x2x1l
=oXx4x3x2x1 =120

A. D. Thiebaut, Computer Science, Smith College




Demo Time!
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Under the Hood:

Animated Python

Functions




detf f£f1( a ):
temp = a*2
return temp

X = 4
y = £t1( x )
print ( y )



detf f£f1( a ):
temp = a*2
return temp

X = 4

X




. def f1( a ): i 4
temp = a*2 Y -
return temp fl1: (return to 060)
a:
< = 4 temp:
y = £1( x )

print( y )



— def fl1( a
temp =

return temp

X = 4
vy = £l1( x
print( y )

) :

ax’z

)




def £l1( a
— temp =

return temp

X = 4
vy = £l1( x
print ( y )

) :

ax’z

)

xX: 4

Vo

f1: (return to 6)
a: 4

temp: 8




def £1( a ):
temp = a*2

— return temp 8(return to 0)

tem

X = 4

print ( y )



def £f1( a ):
temp = a*2

return temp

X = 4

— v = 1 ( x )
print ( y )



detf f£f1( a ):
temp = a*2
return temp

X = 4
— v = 1 ( x )
print ( y )

X




detf f£f1( a ):
temp = a*2
return temp

X = 4
v = £1( x )
-—> print ( Y )

X




detf f£f1( a ):
temp = a*2
return temp

X = 4
y = £t1( x )
— print ( vy )

X




We stopped here
last time...

STOP

Q‘.} D. Thiebaut, Computer Science, Smith College
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Recursion: Factorial




' def fact( n ):

2
3
4

1f n<=1:
return 1
return n*fact(n-1)

4
fact ( x )




2 1f n<=1:

3 return 1

4 return n*fact(n-1)
5

rx = 4

—y = fact( x )

Sprint( y )



—>def fact( n ): _
1f n<=1: Y -

return 1 fact: (ret. to /)
return n*fact(n-1) |In:

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



xX: 4
—»def fact( n ): :
1f n<=1: Y-
return 1 faQLJ (ret. to /)
return n*fact(n-1) |n:4

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



detf fact( n ): _
—>1f n<=1: Y -

return 1 fact: (ret. to 7)
return n*fact(n-1) [n:4

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



def fact( n ): _
1f n<=1: Y -

return 1 fact: (ret. to 7)
— return n*fact(n-1) |n:4

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



x: 4
detf fact( n ): _
1f n<=1: Y

return 1 fact: (ret. to 7)
— return n*fact(n-1) |n:4

fact: (ret. to 4)
n:

x = 4

y = fact( x )
print( y )



xX: 4
—def fact( n ): :
1f n<=1: Y-

return 1 fact: (ret. to 7)
return n*fact(n-1) [n:4

faeyt ; (ret. to 4)
n:

x = 4

y = fact( x )
print( y )



def fact (

n

—> 1f n<=1:

return 1
return n*fact(n-1)

X = 4
y = fact(
print ( y )

X

) :

)

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




def fact (

n

—> 1f n<=1:

return 1
return n*fact(n-1)

X = 4
y = fact(
print ( y )

X

) :

)

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




def fact (

n

1f n<=1:

return 1
—> return n*fact (n-1)

X = 4
y = fact(
print ( y )

X

) :

)

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




— def fact( n ): :
1f n<=1: Y

return 1 fact: (ret. to 7)
return n*fact(n-1) [n:4

fact: (ret. to 4)

X = 4 N3
y = fact( x ) i
print ( y ) fact: (ret. to 4)

n:’




detf fact( n ): _
—> 1f n<=1: Y -

return 1 fact: (ret. to 7)
return n*fact(n-1) [n:4

fact: (ret. to 4)

X = 4 N3
y = fact( x ) i
print ( y ) fact: (ret. to 4)

n:’




def fact( n ): _
1f n<=1: Y -

return 1 fact: (ret. to 7)
— return n*fact(n-1) [n:4

fact: (ret. to 4)

X = 4 N3
y = fact( x ) i
print ( y ) fact: (ret. to 4)

n:’




—»| def fact (

n

1f n<=1:

return 1
return n*fact(n-1)

X = 4
vy = fact (
print ( y )

X

) :

)

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

n:1




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

X = 4
y = fact( x )
print ( 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




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

X = 4
y = fact( x )
print ( 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




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

X = 4
y = fact( x )
print ( 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




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

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

fact: (ret. to 7)
n:4
fact: (ret. to 4)
n:3
fact: (ret. to 4)
n:2*
fact?ﬁ (ret. to 4)

n:1




x: 4
def fact( n ):

1f n<=1: Y

return 1 fact: (ret. to 7)
— return n*fact(n-1) [n:4

fact: (ret. to 4)

X = 4 N3
y = fact( x ) i
print ( y ) fact: (ret. to 4)

n:2*1




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

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

x: 4

2

fact: (ret. to 7)
n:4

fact: (ret. to 4)
n:3

fact: (ret. to 4)

n:2*l




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

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

x: 4

2

fact: (ret. to 7)
n:4

fact: (ret. to 4)

n:3*2.E
fact: (ret. to 4)
n:2*1




def fact (

n

1f n<=1:

return 1
— return n*fact(n-1)

x = 4
y = fact(
print( vy )

X

) :

)

x: 4

2

fact: (ret. to 7)
n:4

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




x: 4
detf fact( n ): _
1f n<=1: Y

return 1 fact: (ret. to 7)
— return n*fact(n-1) [n:4

fact: (ret. to 4)

x = 4 n:3%*

y = fact( x )

print( y )



def fact( n
1f n<=1:

) :

return 1

— return n*fact(n-1)

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

)

x: 4
Vo

fact:
n:4*o

(ret.

to /)




detf fact( n ):
1f n<=1:
return 1
— return n*fact(n-1)

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

fact
n:4x

6;4 (ret. to 7)




x: 4
def fact( n ):

if n<=1: y:24K
return 1 fact:24 (ret. to 7)
return n*fact(n-1) |n:4*6
x = 4
— /vy = fact( x )

print( y )



def fact (

n

1f n<=1:

return 1
return n*fact(n-1)

X = 4
— /vy = fact(
print ( y )

X

) :

)

xX: 4
y:24




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

X = 4
y = fact( x )
— Jprint( y )

xX: 4
y:24




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

x = 4

y = fact( x )
— Jprint( y )

24

xX: 4
y:24




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

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

24



Minions: Can you tell ¢}
me if there’s a banana
that weighs 118 grams? ‘




Minions: Here's a bunch of
bananas. Return to me the
smallest and the largest. ‘




We stopped here
last time...

STOP
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