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Last Class We Covered

* Using for loops
— Syntax
— Using it to iterate over a list
—-Using 1t for
 The range() function
— Syntax
— Three forms: one, two, or three numbers

counti ng’
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Any Questions from Last Time?
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Today’' s Obj e

To learn why you would want to divide your cod
Into smaller, more specific pieces (functions!)

Tobe able to define new functions FPython

To understand the details of function calls and
parameter passing IRython

Tousefunctions to reduce code duplication and
Increase progranmodularity
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Review: Looping anaange()
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Review ofange()

range (5):
print

What is the
output of this
code?

>~ w NN -2 O

Range generates a

list of numbers up tc

(but not including)
the number

Function

-
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Review ofange()

for

| In
print

range ( - 3,

(1)

- 13, -3):

What is the
output of this
code?

Function

With threeinputs,

we can change the
step to anegative to

let us count down
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Differences Between the Loops

* Though they are both loopsfor loops and
while loops behave very differently

Even when we
- What does the loop do? /£ 1Se rangel

— for |00p: What?!
* [terate over a lis Remember,
—while loop: range() creates
. a list of numbers!
 Evaluate a conditional
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Differences Between the Loops

» What Is the syntax of the loop?

—for loop:

« for listVariable In listName

* Must contain list name and a list variable
—while loop:

« while CONDITIONAL (== True ):

« Must use a conditional that contains a
variable thatchangesas the loop Is run
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Differences Between the Loops

 How Is the loop variable updated?
—for loop:
* The loop itself updates the loop variable

* First time through, it is element at index O;
second time through, element at index 1; etc.

—while loop:
* Programmer must update the loop variable
« Updating inot done automatically by Python

10 www.umbc.edu



Infinite Loops

* Aninfinite loopis a loop that will run forever

« Can we have an infinite loop usirfgr ?

— No! The for loop goes through a set number of
steps (iterating or counting) and will always end

« Canwe have an infinite loop usingvhile ?

—Yes! Thewhile | oop’ s | oop var
controlled by us, and we can make mistakes
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Control Structures (Review)

* A program can proceed:
—In sequence
— Selectively (branching): make a choice
— Repetitively (iteratively): looping

By calling a functio
focus of
today’'s | ecture
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Introduction to Functions
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Functi ons We’

*We' ve actually seen (
different types of functions already!

* Bullt-in Python functions
— For example:print() , Input() , casting, etc.

«Qur program’s code 1 S
Inside themain() function

— A function that wecreated ourselves
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Parts of a Function

The output: JRESIEENEFOYUHRCEN)Y

us def™ t|o 5
create a function <class' int '>
; bash - 4.1
main (): en -
a= 95
function - : _—
body print (a) < c a Iptins f un
print (type (a)) < caltyps” “f un|
main () < c a Imaia”

15
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Why Use Functions?

* Functions reduce code duplication and make
orograms more easy to understand and maintai

« Having identical (or similar) code in more than
one place has various downsides:

1. Don’t want to write th
2. The code must be maintained in multiple places

3. Code is harder to understand with big blocks of
repeated code everywhere
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What are Functions?

* Afunctionis like asubprogram
— A small program inside of grogram
* Thebasicidea:
—Wewrite a sequence aftatements
—And givethat sequence amame

—We canthen executehis sequence at any
time by referringtad he sequenc
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When to Use Functions?

|t S not an exact S C I
rules on when to use functions

* |f you have dlockof code that performs a
specific task, that might make a good function

def debugList ( theList ):
for 1 In range ( len (theList )):
print ("Atindex" , 1, "listis"

theList [1])
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When to Use Functions?

* Functions are used when you have a block of
code that you want to be able to:

—Write only once and be able to use again
« Example: getting input from the user

— Call multiple times at different places
« Example: printing out a menu of choices

— Differ a little bit when you call it each time
« Example: printing out a greeting to different people
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Function Vocabulary

* Functiondefinition:

— The part of the program that creates a function

—For exdemprame(): "™ and t he
code that are indented inside oflef main():

» Functioncall (or function invocation):

— When the function is used in a program
—For e xaamp)l "e : @mit ‘( "Hello" )~
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Function Example
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Note: Toy Examples

*The example we’re goli
IS something called @y example

e« Itis purposefully simplistic (and klnd 00

— The concept being taught @ﬁgf’ oo oo /
— Not how the code itself works
« Sadly, it has nothing to do with actual toys

22 Image from pixabay.com www.umbc.edu
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“"Happy Birthda

 Happy Birthday y r i c s ...

def main ():
print ( "Happy birthday to you ")
print ( "Happy birthday to you ")
print ("Happy birthday, dear Maya..." )
print ( "Happy birthday to you ")

bash - 4.1$ python birthday.py

- - Happy birthday to you!
* Glvesust h i Happy birthday to you!

Happy birthday, dear Maya...
Happy birthday to you!
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Simplifying with Functions

* Most of this code is repeated (duplicate code)
print ( "Happy birthday to you!" )

* We candefinea function to print outthat line

def happy ():
print ( "Happy birthday to you!" )

eLet’s update our pr oc

24 www.umbc.edu



Updated “ Happy E

* The updated program:

def

def

happy ():
print ( "Happy birthday to you ")

main ():
happy ()
happy ()
print ( "Happy birthday, dear Maya..." )

happy ()

main()

25
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More Simplifying

* This clutters up our main function, though

» We could write a separate function that sings
“Happy Birthday” mam) |

def singMaya ().
happy ()

happy ()
print ( "Happy birthday, dear Maya..." )

happy ()
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New Updated Program

* The new updated program:

def

def

def

happy ():

print ("Happy birthday to you!" )

singMaya ():

happy ()

happy ()

print ( "Happy birthday, dear Maya..." )
happy ()

main ():

singMaya () # sing Happy Birthday to Maya

main()

27
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Hap
Hap
Hap

lap

Updated Program Output

Y
Y
Y

QY

oIrt
oIrt
oIrt

oIrt

NG
NG
NG

NG

nash - 4.1%

nash - 4.1$ python birthday.py

ay to you!
ay to you!
ay, dear Maya...
ay to you!

Notice that despite all the changes
we made to the code, the output |is
still exactly the same as before
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Someone E| se’

» Creating this function saved us a lot of typing!

 Whati f Lukes s Dbirthday?
—We could write a newsingLuke () function

def singLuke ():

happy ()

happy ()
print ( "Happy birthday, dear Luke..." )

happy ()
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AN HONORS UNIVERSITY IN MARYLAND

“"Happy Birthda

def happy ():
print ("Happy birthday to you!" )
def singMaya ():
happy ()
happy ()
print ("Happy birthday, dear Maya..." )

happy ()
def singLuke ():
happy ()
happy ()
print ("Happy birthday, dear Luke..." )
happy ()
def main ():
singMaya () # sing Happy Birthday to Maya
print () # empty line between the two
singLuke () # sing Happy Birthday to Luke
main ()
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Updated Program Output

bash - 4.1%$ python
Happy birthday to you!
Happy birthday to you!
Happy birthday, dear
Happy birthday to you!

Happy birthday to you!
Happy birthday to you!
Happy birthday, dear
Happy birthday to you!
bash - 4.1%$

3 1 Image from pixabay.com

birthday2.py

Maya...

Luke...
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Multiple Birthdays

This iIanuch easier to read and use!
But ... t helotefcole dagdligatiom a

Theonly difference betweesingMaya ()
andsingLuke () Iswhat?

—Thename In the third print() statement

We could combine these two functions into
one by using something callegparameter
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Function Parameters
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What Is a Parameter?

« Aparameteris a variable that is initialized
when we call a function

* We can create a genemsing() function

t hat takes 1 n a persc
def sing (person):
Ezgg 8 parameter
print ("Happy birthday, dear" , person + L)
happy ()

www.umbc.edu
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“Happy

def happy ():

Birt hday’

print ("Happy birthday to you!" )

def sing (person):

happy ()
happy ()
print ("Happy birthday, dear"

happy ()

def main ():
sing ("Maya" )
print()
sing ("Luke" )
main ()

, person + L)

www.umbc.edu
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“Happy

def happy ():

Birt hday’

print ("Happy birthday to you!" )

def sing (person):

happy ()
happy ()

parameter passed in parameter

/ being used

print ( "Happy birthday, dear" , person + L)

happy ()

def main ():

sing ("Maya" ) <€
print()

function call with parameter

sing ("Luke" ) <
main()

function call with parameter
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Updated Program Output

bash - 4.1% python birthday3.py

Happy birthday to you!
Happy birthday to you!
Happy birthday, dear Maya...
Happy birthday to you! This looks the
’ oirthday 1 ' same as before!
appy birthday to you! ; )
Happy birthday to you! U th datt ‘T’( i
Happy birthday, dear Luke... wahted 1o maxe our
. code easier to read
Happy birthday to you!
and use, not change
bash - 4.1$ .
the way It works.
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Exercise: Prompt for Name

 How would we update the code main() to
ask the user for the name of the person?

— Current code looks like this:
def main():

sing ( "Maya" )
main ()
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Solution: Prompt for Name

 How would we update the code main() to
ask the user for the name of the person?
— Updated code looks like this:

def main():
birthdayName =input( "Whose birthday? " )
sing( birthdayName )

main ()

Nothing else needs to changand the
sing() function stays the same
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Exercise Output

bash - 4.1% python birthday4.py
Whose birthday? UMBC

Happy birthday to you!

Happy birthday to youl!

Happy birthday, dear UMBC...
Happy birthday to you !
bash-4.1 $
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How Parameters Work
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Functions and Parameters

« Each function is its own littlsubprogram

—Variables used inside of a function
arelocalto that function

—Even If they have the same name as
variables that appear outside that function

* Theonly way for a function to see a variable
from outside itself is for that variable to be

passed as parameter
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Function Syntax with Parameters

* A function definition looks like this:

function name: follows sam
syntax rules as variable names

l

(no speci al c h

with a number, no keywords, etc.

def fxnName ( formalParameters ):
# body of the function T

the formal parameters that the
function takes in-can be empty!

43
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Formal Parameters

* Theformal parameterslike all variables used
In the function, areonly accessible in the body
of the function

* Variables with identical names elsewhere in
the program are distinct from those inside the
function body

—-We often ccepél dfhia
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Scope

e If variables are boxes, then a functiand Its
variables are like pallet that holdsboxes

/ = w% Ve S /’ MM/ varrG
‘ | fxn2
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Scope

e If variables are boxes, then a functiand Its

variables are like pallet that holdsboxes
Can hold unique values

S > 21D < N2 &
/ = Mw \U =, w@‘f/ \
| fxnl | fxn2
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Example of Scope

* This is our president, Freeman A. Hrabowski |

—According o Wi ki1 pedil a, he I
American educator, advocate, andlat h e mat
and has been the President of UMBC since 1992

— He will also take yol
up to the roof of the
Admin building to
show off the campus

(1t s sup-{
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Example of Scope

* This is my (fictional) dog, a Chesapeake Bay
Retriever also named Hrabowski

—He Is super cute, knows ton.
of tricks, and his favorite toy
IS his squeaky yellow duck |

—He also loves to spin in
circles while chasing his tail* -
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Example of Scope

* We have two very different things, both of
which are called Hrabowski:

-UMBC’' s Presi dent Hr ab o\
— My (fictional) dog Hrabowski

* |f you go outside this classroom and tell
someone “HrabowsKkI |
| t s super oentcanfused h e
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Example of Scope

* Inthe same way, a variable callpdrson
iInside a function liksing() Is a completely
different variablefrom person Iin main ()

 The sing() function has one idea of what the
person variable is, andmain() has another

/]t depends on the cor
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Calling Functions with
Parameters
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Calling with Parameters

 In order to call a function with parameters,
use its name followed by a list of variables

myFunction ( "my string"” , 17)

* These variables are thectual parameters or
arguments that are passed to the function
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Python and Function Calls

* When Python comes to a function call, it
Initiates a fourstep process:

1. The callingprogramsuspends execution
at the point of thecall

2. Theformal parametersof the function
getassigned the values supplied by the
actual parametersin the call

3. The body of the function isxecuted

4. Controlis returned tothe pointjust after
wherethe function wascalled
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Code Trace: Parameters

Let’s trace through
sing ( "Maya" )
print ()
sing ( "Luke" )
 When Python getto the linesing ( "Maya" ),
executionof main Is temporarily suspended

* Python looks up the definition ¢ing() and
seesit has one formal parameteperson

www.umbc.edu
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Code Trace: Parameters

def happy ():
print ("Happy birthday to you!"
def sing (person). <€

)

happy ()

happy ()
print ("Happy birthday, dear"

happy ()

def main ():

formal parameter

, person +

sing ("Maya" ) <€
print ()

actual parameter

sing ("Luke" ) <€

main()

actual parameter
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Initializing Formal Parameters

* Theformal parameteris assigned the value of
the actual parameter

 When we calking ("Maya" ), it as If the
following statement was executed ging()

person = "Maya"
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Code Trace: Parameters

* Next, Pythorbegins executing the
bodyofthesing() function

— First statement is another function call, to
happy() —what does Python do now?

— Pythonsuspends the execution sfng()
andtransfers control tchappy ()

—Thehappy() f uncti onsisglebody
print() statement, whichs executed

— Control returngo where it left off insing()
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Code Trace: Parameters

» Executioncontinues in this way with
two more“ t r 1o theshappy() function

 WhenPython gets to the end &¢fing()
control returnsto...

—main() , which picks up...
—where it left off, on the line iImmediately
following the function call

www.umbc.edu
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Visual Code Trace

def main():
sing("Maya")

rint()
ﬁing("Lu ke")

" Maya" def happy():
¢' ¢ &orint("Happy BDay to you!")

def sing(person):

happy()

happy()
*print("Happ

happy() ' Note that theperson
S— variable insing()

disappeared after we

exited the function!
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Local Variables

* When a function exits, the local variables (like
person ) are deleted from memory

 If we callsing() again, a newerson
variable will have to be reitialized

— Local variables doot retain their value
between function executions
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Code Trace: Parameters

* Nextstatementin main() Isthe empty call to
print() , whichsimply produces blankline

* Python sees anotharall tosing() , so...
— It suspends execution ohain() , and...
— Controltransferst o ...
thesing() function
— With the actualparameter...
"Luke"
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Visual Code Trace

. def sing(person):
def main():
} . | ||L k n ha
smg( Maya") uke haE;%g
p.”m(,? N print("Happy BDay", person)
sing("Luke")

happy()
\_/ person: "Luke"

 The body oking() Is executedvith
the argument’'Luke”

— Including itgthree side trips tdhappy()
 Control then returngo main()
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Multiple Parameters
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Multiple Parameters

*One thing we haven't
with multiple parameters

* When a function has more than one
parameter, the formal and actual parameters
are matched up based guosition

— First actual parameter becomes the
first formal parameter, etc.
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Multiple Parameters ising()

eLet’s add a s esinggn thatp ¢
W | | take I n the per:s

« And print out their age in the song

def sing (person , age):

happy ()

happy ()

print ( "Happy birthday, dear" , person, L)
print ("You're" , age, "years oldnow..." )
happy ()
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Multiple Parameters iising()

* What will happen if we use the following call
to thesing() function inmain() ?

def main ():
sing ("Maya" , 46)
main()

Happy birthday to you!

« It will print out; Happy birthday toyou
Happy birthday, dear Maya...
You're 46 years old now...
Happy birthday to you!
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Assigning Parameters

* Python is simply assigning the first actual
argument to the first formal argument, etc.

sing ("Maya" , 46)  # function call

def sing (person, age):
# function body goes here
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Parameters Oubf-Order

* What will happen if we use the following call
to thesing() function inmain() ?

def main ():
sing (46, "Maya")
main()

Happy birthday to you!

« It will print out; Happy birthday toyou
Happy birthday, dear 46...
You're Maya years old now...
Happy birthday to you!
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Parameters Oubf-Order

*Python 1T sn’t smart er
what youmeantfor your code to do

— It only understands thexactcode

That’ s why 1t matches
parameters based only on their order
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Practice Problems

« Write a function calledavg () that takes in

a list of numbers, calculates the average, and
prints the result to the screen

« Write a function that prints out the lyrics to a
song—Yyou can pick any song you like!

— If It has a chorus, put that in a separate function,
and call it when necessary
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Announcements

« Homework 4 Is due Wednesday
— Homework 2 grades went out Tuesday night

* Homework 5 comes out this week

*The midterm exam I s f
— During your regular class on October 19th and 20t
—-We ' | | review I n class
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