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if user_is_american:
input = feet2meters(input)
some long calculation
print (meters2feet (result))
else:
some long calculation
print (result)
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With the duplication factored out:
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The idea behind functions

Sometimes we need to repeat the same combination of control structures
and steps in several different places.
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The idea behind functions

Sometimes we need to repeat the same combination of control structures
and steps in several different places.

@ Functions let you write the code once. ..
...then use it in multiple places.

It's like defining a new verb.

We've already seen several built-in and library functions:
» print, input, range
» math.sin, random.randrange
» Constructors: GraphWin, Rectangle
> Methods: setText, getMouse

And we know how to call them:

> If it doesn't return a value: func(arguments)
> If it does return a value: result = func(arguments)

@ We've even written one of our own!

» def main(): defines a function named main.
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Calling a function: syntax

To call (“invoke”) a function, you write its name, followed by its
arguments in parentheses.
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Calling a function: semantics

When you call a function:
@ The interpreter pauses executing the code that had the function call.
» But it remembers where it was.
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Defining a function

To define a function, you need to specify three things:

@ The name of the function.
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Defining functions

def name(parameters):
body

@ Defines a function named “name”.
@ Goes at the top level of the file

» Unindented.
» Not inside main or other functions!
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Defining functions
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body

@ Defines a function named “name”.
@ Goes at the top level of the file

» Unindented.
» Not inside main or other functions!

@ Parameters are a comma-separated list of identifiers.
» The function takes one argument for each parameter.
@ When Python sees the definition, it doesn’t run the body!

> Instead, it remembers it and gives it a name.

The body runs when you call the function.

That’s why we needed main() at the end of our programs.
If you don't call a function, it will not run!

vYyy

* Something to check for when debugging.
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A simple function definition

def triangle(): # No parameters.
print ("*")
pI‘iIlt("**")
print ("x*x")
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A simple function definition

def triangle(): # No parameters.
print ("*")
print ( ll**")
print ("x*xx")

Now when you call triangle(), it prints those three lines.
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A simple function definition

Function definitions can contain any control structure you like.

def triangle():
for i in range(l, 3 + 1):
print ("*" *x i)
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for i in range(l, 3 + 1):
print("*" x i)

This function does the same thing as the previous version.
o “Multiplying” a string by an integer repeats the string.
> 2%’ * 3 evaluates to the string > *x*x’
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Most functions don’t do exactly the same thing every time.
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Most functions don’t do exactly the same thing every time.
@ Instead, they take arguments that control the details of what
happens.
» print: What value to print.
» input: What prompt to display.
» randrange: What range to pick the random number from.
@ We use arguments to send information into a function.

» They are the function's “inputs”.
> (Not the same as user input!)
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the same as the argument.
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A function with a parameter

Let's change our triangle function to take one argument, the size of the
triangle (number of lines).
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A function with a parameter

Let's change our triangle function to take one argument, the size of the
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def triangle(size):
for i in range(l, size + 1):
print ("*x" * i)

Now triangle(3) will print the three-high triangle.

Neil Moore (UK CS) CS 115 Lecture 12 Fall 2015 13 / 34



A function with a parameter

Let's change our triangle function to take one argument, the size of the
triangle (number of lines).

def triangle(size):
for i in range(l, size + 1):
print ("*x" * i)

Now triangle(3) will print the three-high triangle.
o By setting size = 3 before executing the body.

Neil Moore (UK CS) CS 115 Lecture 12 Fall 2015 13 / 34



A function with a parameter

Let's change our triangle function to take one argument, the size of the
triangle (number of lines).

def triangle(size):
for i in range(l, size + 1):
print ("*x" * i)

Now triangle(3) will print the three-high triangle.
o By setting size = 3 before executing the body.

» Remember the terminology!
> size is the parameter
> 3 is the argument (the value we give the parameter this time)

Neil Moore (UK CS) CS 115 Lecture 12 Fall 2015 13 / 34



A function with a parameter

Let's change our triangle function to take one argument, the size of the
triangle (number of lines).

def triangle(size):
for i in range(l, size + 1):
print ("*x" * i)

Now triangle(3) will print the three-high triangle.
o By setting size = 3 before executing the body.

» Remember the terminology!
> size is the parameter
> 3 is the argument (the value we give the parameter this time)

o Note that size is only accessible inside the function!
> If you want to “set” it from elsewhere, call the function!

Neil Moore (UK CS) CS 115 Lecture 12 Fall 2015 13 / 34



A function with a parameter

Let's change our triangle function to take one argument, the size of the
triangle (number of lines).

def triangle(size):
for i in range(l, size + 1):
print ("*x" * i)

Now triangle(3) will print the three-high triangle.
o By setting size = 3 before executing the body.

» Remember the terminology!
> size is the parameter
> 3 is the argument (the value we give the parameter this time)

o Note that size is only accessible inside the function!
> If you want to “set” it from elsewhere, call the function!

Neil Moore (UK CS) CS 115 Lecture 12 Fall 2015 13 / 34



Multiple parameters

Functions can have more than one parameter.

def triangle(size, letter):
for i in range(1, size + 1):
print(letter * i)

triangle(2, "+")
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Returning a value

A function can send a value back to the caller by returning.

@ Syntax: return ezpression
Or plain: return
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Returning a value
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@ Semantics:
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» Then ends the function's execution immediately (!!)
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or the special value None if there was none.
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@ Remember the structured programming guarantees.

» Each control structure should have one exit.
» So in structured programming, a function should have one return,
at the very end.
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Returning a value

A function can send a value back to the caller by returning.

@ Syntax: return ezpression
Or plain: return
@ Semantics:

» First evaluates the expression if any.
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Parameters/return values vs input/output

o Parameters take “input” from the rest of the program.

@ Return values send “output” to the rest of the program.
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A function that returns a value

def triangular number (num):
sum = 0
for i in range(l, num + 1):
sum += i
return sum
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Local variables

All the variables defined in a function are local to that function.

@ For example, i in our triangle functions.
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Where to put function definitions

e Functions (at least in this class) should be defined at the
top level of your source file.

» Not indented.
» So not inside of another function like main.
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A complete program with functions

def main():

def

def

number = int(input("Enter a number:"))
limit = square(number)

print("Counting up to", limit)
countto(limit)

square(x) :
return x ** 2

countto (number) :

for i in range(1l, number):
print(i, end = ", ")

print (number)

main()
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countto(limit)

square (x) :
return x ** 2

countto (number) :

for i in range(1l, number):
print(i, end = ", ")

print (number)

main()

Let's try rearranging the functions.
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Documenting functions

Functions are “subprograms”, so should be documented like programs.
@ Write a header comment for each function.

» Three parts: purpose, preconditions, postconditions.
» You should still have the usual comments in the function’s code.
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Where to put function documentation

@ In most languages, the purpose/preconditions/postconditions are in a
comment just before the function.
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Where to put function documentation

@ In most languages, the purpose/preconditions/postconditions are in a
comment just before the function.

@ Python has another way to do it: documentation strings.

» These go inside the function, as the very first thing.

* So must be indented!

» Start with >’ (three single quotes)

» Continues across multiple lines until another >’
@ Documentation strings are not really comments.

» They still don't do anything, but the interpreter does see them.
» The help function in the Python shell displays a function’s
documentation string.
help(square) # Just the function name, not a call.
* You must execute the program first so the function is defined!
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Unit testing

Functions can also be tested in the same way as whole functions.
o Unit testing: Testing individual functions in isolation.
» Verify that the function keeps its promises.
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Driver functions

Once the test plan was written, doing the whole-program tests was easy.

@ Just run the program, type the input, verify the output.
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» But instead of following your design, it just calls the functions with the
inputs in the unit test.
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@ But how do we do that with functions?
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» The interpreter will print the return value as the last thing.
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@ Another way: write a driver function.
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Disadvantages of functions

@ Functions are slightly slower than embedding the code.

» Arguments have to be copied into parameters, etc.
» Some languages (especially compiled ones) can avoid this.
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Let's come back to the Collatz conjecture

Suppose we want to check all the numbers in a range to see if they satisfy
the Collatz conjecture.

@ collatz2.py
@ Note the changes:
» Moved the 3n+ 1 loop into a function.
* And removed the output of all the steps.
* We just want True or False.
» Made iseven into a function.
» Added a while loop in main.
» Gave input_int a parameter for the prompt.
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Debugging functions: the call stack

What happens if we set a breakpoint in iseven?
o How did we get there?

» Called by collatz.
» So we'll go back there when iseven returns.
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Single-stepping with functions

Remember the three kinds of stepping in the debugger. They have to do
with functions.

@ Step into: Pause at the next line (maybe in another function).
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Tracing functions

What if we wanted to trace a program with functions?
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@ Our traces have a column for line number.
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» Could have columns for all of them. ..
» ...but that could be a lot!

* (and doesn't work if we have recursive functions)
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Tracing functions: example

Let’s trace this small program:
1. def triangular(num):

2. sum = 0
3. for i in range(l, num + 1):
4. sum += i
5. return sum
6. def pyramidal(n):
7. sum = 0
8. for i in range(l, n + 1):
9. sum += triangular(i)
10. return sum
11. def main():
12. pyr = pyramidal(2)
13. print (pyr)
14. main()
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Trace of the function

main | pyr Action/Output
12 - | (call pyramidal(2))
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Trace, continued
pyramidal(2) i Action/Output

9 2| 1 | 1] (call triangular(2))
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Trace, continued
pyramidal(2) n sum i Action/Output

(call triangular(2))

triangular(2) num sum i Action/Output
1
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(return 3)
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Trace, continued

pyramidal(2) n sum i Action/Output
9 (call triangular(2))
triangular(2) num sum i Action/Output
1 I
2 1 0 |-
3 1 0 |1
4 1 1 1
3 1 1 |2
4 1 3 |2
5 1 3 | 2| (return 3)

pyramidal(2) i Action/Output

10 2| 4 | 1] (return 4)
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