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Review: Booleans and comparisonsReview: Booleans and comparisons

Boolean values are an immutable data type tracking True and False

concepts
They are often generated through operators of comparison

In [ ]:

In [ ]:

In [ ]:

"Team" == "Team" 

"team" < "Team" 

"i" in "Team" 



Review: Logical operatorsReview: Logical operators

and, or, and not allow us to combine/manipulate "atomic" logical

results

In [ ]: X = True 

Y = False 

print( X, "and", Y, "=>", X and Y ) 

print( X, "or",  Y, "=>", X and Y ) 

print(    "not", X, "=>", not X ) 



Review: the Review: the if//elif//else block block

Execute the if code if headed by a True statement (required)

Otherwise, execute the �rst elif code headed by a True statement (can de�ne
0 or more)
If no if or elif execute, then the else code executes as a "fallback" (optional)

In [ ]: for n in [-5, 0, 3.1416, 10]: 

   if n % 2 == 0: 

       print( n, "is even" ) 

   elif n % 2 == 1: 

       print( n, "is odd" ) 

   else: 

       print( n, "is not an integer" ) 



Review: the Review: the while loop,  loop, break, and , and continue

A while loop executes as long as a given statement is True

Potentially forever
A while or for loop will immediately start their next cycle when continue is

evaluated
A while or for loop will immediately exit (stop looping) when break is

evaluated

In [ ]: x = 1 

while x > 0: 

   x = x + 1 

   if x < 50: 

       continue 

   if x % 25 == 0: 

       print( x ) 

   if x == 25 or x == 100: 

       break 



FunctionsFunctions

Functions are one of the main ways of transforming data (in many programming
languages)
We've been using functions (and their cousin, methods) since day 1

In [ ]:

In [ ]:

In [ ]:

abs( -5 ) 

print( "Hello, world!" ) 

sorted( [3, 2, 1] ) 



Writing functionsWriting functions

Today we'll be writing our own functions
Writing functions is a helpful way to reuse bits of trusted code in order to...

Repeat useful transformations
Be appropriately lazy

Similar to the way that we used a for loop to repeat transformations over a

collection
But much more general

Functions act like mini programs within a larger program



Anatomy of a Python functionAnatomy of a Python function

A code block beginning with def followed by...

A function name (following variable-naming rules)
comma-separated arguments (in parentheses)

An indented code block with...
Transformations of the arguments
A return line to hand back the function's �nal

output
def function_name( arg1, arg2, arg3 ): 

    answer = arg1 

    answer = answer - arg2 

    answer = answer * arg3 

    return answer 



In [ ]:

In [ ]:

In [ ]:

# a simple function 

def add( a, b ): 

   answer = a + b 

   return answer 

# a call where 1 is passed as <a> and 2 is passed as <b> 

add( 1, 2 ) 

# a call where 5 is passed as both <a> and <b> 

add( 5, 5 ) 



Just like built-in functions, we can act directly on our functions'
outputs

In [ ]:

In [ ]:

In [ ]:

add( 1, 2 ) + 7 

add( 1, 2 ) + add( 3, 4 ) 

add( add( 1, 2 ), add( 3, 4 ) ) 



Python will complain if the NUMBER of arguments is
wrong

In [ ]:

In [ ]:

add( "1" ) 

add( 1, 2, 3 ) 



In [ ]:

In [ ]:

In [ ]:

# another simple function 

def greet( name ): 

   ret = "Hello, " + name + "!" 

   return ret 

greet( "World" ) 

# we can directly act on returned values 

greet( "World" ).upper( ) 



In [ ]:

In [ ]:

# A function can, if useful, have no arguments 

def generic_greeting( ): 

   return "Hello" 

generic_greeting( ) 



In [ ]:

In [ ]:

In [ ]:

# a function can, if useful, have no "real" return value 

def print_greet( name ): 

   print( "Hello, " + name + "!" ) 

print_greet( "World" ) 

# in this case, Python returns a default special value called <None> 

captured = print_greet( "World" ) 

print( captured ) 



Functions are useful for (repeatedly) solving real problems that arise in code
Example: Imagine that the sum( ) function did not exist. How could you sum

numbers in a variety of lists (without needing to repeat code)?

In [ ]:

In [ ]:

In [ ]:

def my_sum( numbers ): 

   answer = 0 

   # loop over numbers to update answer 

   for n in numbers: 

       answer = answer + n 

   return answer 

# the list [1, 2, 3] passed as <numbers> 

my_sum( [1, 2, 3] ) 

# the generator range( 10 ) passed as <numbers> 

my_sum( range( 10 ) ) 



Functions are useful for (repeatedly) solving real problems that arise in
code
Especially those not solved by existing functions/methods
Example: Can I look up keys matching a value in a dictionary?

In [ ]:

In [ ]:

In [ ]:

def value_lookup( my_dict, value ): 

   keys = [] 

   for key in my_dict: 

       if my_dict[key] == value: 

           keys.append( key ) 

   return keys     

grades = {"Alex": "A", "Beth": "B", "Carl": "B", "Dave": "A", "Erin": "A"} 

value_lookup( grades, "B" ) 



Functions can alter collection data passed as inputs
This is part of what it means for data to be "mutable"
Example: Make a function to negate a list of
numbers

In [ ]:

In [ ]:

In [ ]:

In [ ]:

def negate( numbers ): 

   # use the range( len( ) ) motif to change list elements 

   for i in range( len( numbers ) ):  

       numbers[i] = -1 * numbers[i] 

   # Python will return None by default, but helpful to be explicit 

   return None 

test = [-1, 3.1416, 10] 

# note not return value without explicit print( ) 

negate( test ) 

# use print( ) to inspect the updated <tests> 

print( test ) 



In addition to positional arguments, Python functions can specify "keyword"
arguments

These arguments must follow positional arguments
These arguments are assigned a default value in the function
de�nition

In [ ]:

In [ ]:

# we saw an example of this in action previously 

for char in "ABC": 

   print( char, end=" " ) 

# contrast with this (what is the default value of <end>?) 

for char in "ABC": 

   print( char ) 



In [ ]:

In [ ]:

In [ ]:

# a simple function with a keyword argument, <power> 

def expo( number, power=2 ): 

   answer = number ** power 

   return answer 

# <power> defaults to 2 if not specified 

expo( 5 ) 

# <power> explicitly set to 3 

expo( 5, power=3 ) 



In [ ]:

In [ ]:

In [ ]:

In [ ]:

# a function with only keyword arguments 

def my_range( start=1, end=10, step=1 ): 

   ret = [start] 

   while ret[-1] < end: 

       ret.append( ret[-1] + step ) 

   return ret 

my_range( ) 

# using two defaults but setting <step> 

my_range( step=2 ) 

# no need to follow argument order with explicit definition 

my_range( step=5, end=150, start=100 ) 



In [ ]: # giving a function an unknown keyword argument raises an error 

my_range( stop=5 ) 



If you give a function too many positional arguments, Python will force the
extras into keyword arguments
Sometimes results in unexpected behavior if a function has unknown-to-you
keyword arguments

In [ ]:

In [ ]:

In [ ]:

def default_add( a, b=1 ): 

   return a + b 

default_add( 5 ) 

default_add( 5, 6 ) 



Aside: Namespaces (preview)Aside: Namespaces (preview)

Variables de�ned in the body of a function are separate from those outside the
function

Recall that X = 5 de�nes the variable X as having the value 5

They exist in a separate "namespace" belonging to the function
This is different from other code blocks, e.g. the for loop

In [ ]:

In [ ]:

In [ ]:

def add( a, b ): 

   special_answer = a + b 

   return special_answer 

add( 1, 2 ) 

# <special_answer> doesn't exist outside of the add( ) function, will raise an e

rror  

print( special_answer ) 



This allows us to reuse variable names inside a function that are de�ned
elsewhere in our code
The function will not "perturb" the other variable's values

In [ ]:

In [ ]:

In [ ]:

answer = 5 

def add( a, b ): 

   answer = a + b 

   return answer 

add( 4, 6 ) 

# outside <answer> not affected by call to add( ) 

print( answer ) 



Functions can access variables de�ned in the main body of our code, e.g.
constants

In [ ]:

In [ ]:

pi = 3.1416 

def circumference( r ): 

   answer = 2 * pi * r 

   return answer 

circumference( 5 ) 



Practice: A proper name functionPractice: A proper name function

In [ ]:

In [ ]:

# (1) modify the function to convert <text> to a proper name 

# e.g. proper_name( "ameRICa" ) should return "America" 

def proper_name( text ): 

   ret = text[0] + text[1:] 

   return ret 

print( proper_name( "ameRICa" ) ) 

print( proper_name( "hARVARD" ) ) 

print( proper_name( "fRaNzOsA" ) ) 



Practice: A "maximum character" functionPractice: A "maximum character" function

Example revisited from L05
practice

In [ ]:

In [ ]:

# (1) modify max_char( ) to return the maximum (i.e. greatest lexical order) cha

racter 

# e.g. max_char( "ABCBA" ) should return "C" 

def max_char( text ): 

   ret = text[0] 

   for char in text[1:]: 

       if True: 

           ret = char 

   return ret 

print( max_char( "ABCBA" ) ) 

print( max_char( "Harvard" ) ) 

print( max_char( "ameRICa" ) ) 



Practice: An economic in�ation functionPractice: An economic in�ation function

In [ ]:

In [ ]:

In [ ]:

In [ ]:

# (0) evaluate this cell to define some sample prices 

prices = { 

   "apple":      0.99, 

   "banana":     0.59, 

   "cantaloupe": 2.99, 

   "grape":      0.05, 

} 

# (1) modify inflate( ) to inflate the prices of the input <dict> IN PLACE 

# use <multipler> as a default increase of 5% 

def inflate( prices, multiplier=1.05 ): 

   return None 

# (2) increase prices by the default 5% 

inflate( prices ) 

print( prices ) 

# (3) modify this line to increase prices by an ADDITIONAL 100% 

inflate( prices ) 

print( prices ) 



Practice: A "maximum key" functionPractice: A "maximum key" function

Example revisited from L05
practice

In [ ]:

In [ ]:

In [ ]:

# (0) evaluate this cell to define some sample prices 

prices = { 

   "apple":      0.99, 

   "banana":     0.59, 

   "cantaloupe": 2.99, 

   "grape":      0.05, 

} 

# (1) modify max_key( ) to return the key associated with the maximum value in a

dictionary 

# note the use of <None> as a "dummy" starting value for <max_val> 

def max_key( my_dict ): 

   max_key = None 

   max_val = None 

   for k, v in my_dict.items( ): 

       # always save first k, v as "maxes" 

       if max_val is None: 

           max_key = k 

           max_val = v 

       # change code to properly evalute subsequent k, v pairs 

       elif False: 

           pass 

   return max_key 

max_key( prices ) 


