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There is a conditional execution structure built into Python to handle these types
of expected and unexpected errors called “try / except”. The idea of try and
except is that you know that some sequence of instruction(s) may have a problem
and you want to add some statements to be executed if an error occurs. These
extra statements (the except block) are ignored if there is no error.

You can think of the try and except feature in Python as an “insurance policy”
on a sequence of statements.

We can rewrite our temperature converter as follows:

inp = input('Enter Fahrenheit Temperature:')

try:

fahr = float(inp)

cel = (fahr - 32.0) * 5.0 / 9.0

print(cel)

except:

print('Please enter a number')

# Code: http://www.pythonlearn.com/code3/fahren2.py

Python starts by executing the sequence of statements in the try block. If all goes
well, it skips the except block and proceeds. If an exception occurs in the try

block, Python jumps out of the try block and executes the sequence of statements
in the except block.

python fahren2.py

Enter Fahrenheit Temperature:72

22.22222222222222

python fahren2.py

Enter Fahrenheit Temperature:fred

Please enter a number

Handling an exception with a try statement is called catching an exception. In
this example, the except clause prints an error message. In general, catching an
exception gives you a chance to fix the problem, or try again, or at least end the
program gracefully.

3.8 Short-circuit evaluation of logical expressions

When Python is processing a logical expression such as x >= 2 and (x/y) > 2, it
evaluates the expression from left to right. Because of the definition of and, if x is
less than 2, the expression x >= 2 is False and so the whole expression is False

regardless of whether (x/y) > 2 evaluates to True or False.

When Python detects that there is nothing to be gained by evaluating the rest
of a logical expression, it stops its evaluation and does not do the computations
in the rest of the logical expression. When the evaluation of a logical expression
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stops because the overall value is already known, it is called short-circuiting the
evaluation.

While this may seem like a fine point, the short-circuit behavior leads to a clever
technique called the guardian pattern. Consider the following code sequence in the
Python interpreter:

>>> x = 6

>>> y = 2

>>> x >= 2 and (x/y) > 2

True

>>> x = 1

>>> y = 0

>>> x >= 2 and (x/y) > 2

False

>>> x = 6

>>> y = 0

>>> x >= 2 and (x/y) > 2

Traceback (most recent call last):

File "<stdin>", line 1, in <module>

ZeroDivisionError: division by zero

>>>

The third calculation failed because Python was evaluating (x/y) and y was zero,
which causes a runtime error. But the second example did not fail because the
first part of the expression x >= 2 evaluated to False so the (x/y) was not ever
executed due to the short-circuit rule and there was no error.

We can construct the logical expression to strategically place a guard evaluation
just before the evaluation that might cause an error as follows:

>>> x = 1

>>> y = 0

>>> x >= 2 and y != 0 and (x/y) > 2

False

>>> x = 6

>>> y = 0

>>> x >= 2 and y != 0 and (x/y) > 2

False

>>> x >= 2 and (x/y) > 2 and y != 0

Traceback (most recent call last):

File "<stdin>", line 1, in <module>

ZeroDivisionError: division by zero

>>>

In the first logical expression, x >= 2 is False so the evaluation stops at the and.
In the second logical expression, x >= 2 is True but y != 0 is False so we never
reach (x/y).

In the third logical expression, the y != 0 is after the (x/y) calculation so the
expression fails with an error.

In the second expression, we say that y != 0 acts as a guard to insure that we
only execute (x/y) if y is non-zero.
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3.9 Debugging

The traceback Python displays when an error occurs contains a lot of information,
but it can be overwhelming. The most useful parts are usually:

• What kind of error it was, and

• Where it occurred.

Syntax errors are usually easy to find, but there are a few gotchas. Whitespace
errors can be tricky because spaces and tabs are invisible and we are used to
ignoring them.

>>> x = 5

>>> y = 6

File "<stdin>", line 1

y = 6

^

IndentationError: unexpected indent

In this example, the problem is that the second line is indented by one space. But
the error message points to y, which is misleading. In general, error messages
indicate where the problem was discovered, but the actual error might be earlier
in the code, sometimes on a previous line.

In general, error messages tell you where the problem was discovered, but that is
often not where it was caused.

3.10 Glossary

body The sequence of statements within a compound statement.

boolean expression An expression whose value is either True or False.

branch One of the alternative sequences of statements in a conditional statement.

chained conditional A conditional statement with a series of alternative
branches.

comparison operator One of the operators that compares its operands: ==, !=,
>, <, >=, and <=.

conditional statement A statement that controls the flow of execution depend-
ing on some condition.
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condition The boolean expression in a conditional statement that determines
which branch is executed.

compound statement A statement that consists of a header and a body. The
header ends with a colon (:). The body is indented relative to the header.

guardian pattern Where we construct a logical expression with additional com-
parisons to take advantage of the short-circuit behavior.

logical operator One of the operators that combines boolean expressions: and,
or, and not.

nested conditional A conditional statement that appears in one of the branches
of another conditional statement.

traceback A list of the functions that are executing, printed when an exception
occurs.

short circuit When Python is part-way through evaluating a logical expression
and stops the evaluation because Python knows the final value for the ex-
pression without needing to evaluate the rest of the expression.

3.11 Exercises

Exercise 1: Rewrite your pay computation to give the employee 1.5 times the
hourly rate for hours worked above 40 hours.

Enter Hours: 45

Enter Rate: 10

Pay: 475.0

Exercise 2: Rewrite your pay program using try and except so that your pro-
gram handles non-numeric input gracefully by printing a message and exiting the
program. The following shows two executions of the program:

Enter Hours: 20

Enter Rate: nine

Error, please enter numeric input

Enter Hours: forty

Error, please enter numeric input
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Exercise 3: Write a program to prompt for a score between 0.0 and 1.0. If the
score is out of range, print an error message. If the score is between 0.0 and 1.0,
print a grade using the following table:

Score Grade

>= 0.9 A

>= 0.8 B

>= 0.7 C

>= 0.6 D

< 0.6 F

~~~

Enter score: 0.95 A ~
~

Enter score: perfect

Bad score

Enter score: 10.0

Bad score

Enter score: 0.75

C

Enter score: 0.5

F

Run the program repeatedly as shown above to test the various different values for
input.
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Chapter 4

Functions

4.1 Function calls

In the context of programming, a function is a named sequence of statements that
performs a computation. When you define a function, you specify the name and
the sequence of statements. Later, you can “call” the function by name. We have
already seen one example of a function call:

>>> type(32)

<class 'int'>

The name of the function is type. The expression in parentheses is called the
argument of the function. The argument is a value or variable that we are passing
into the function as input to the function. The result, for the type function, is the
type of the argument.

It is common to say that a function “takes” an argument and “returns” a result.
The result is called the return value.

4.2 Built-in functions

Python provides a number of important built-in functions that we can use without
needing to provide the function definition. The creators of Python wrote a set of
functions to solve common problems and included them in Python for us to use.

The max and min functions give us the largest and smallest values in a list, respec-
tively:

>>> max('Hello world')

'w'

>>> min('Hello world')

' '

>>>

43
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The max function tells us the “largest character” in the string (which turns out to
be the letter “w”) and the min function shows us the smallest character (which
turns out to be a space).

Another very common built-in function is the len function which tells us how many
items are in its argument. If the argument to len is a string, it returns the number
of characters in the string.

>>> len('Hello world')

11

>>>

These functions are not limited to looking at strings. They can operate on any set
of values, as we will see in later chapters.

You should treat the names of built-in functions as reserved words (i.e., avoid using
“max” as a variable name).

4.3 Type conversion functions

Python also provides built-in functions that convert values from one type to an-
other. The int function takes any value and converts it to an integer, if it can, or
complains otherwise:

>>> int('32')

32

>>> int('Hello')

ValueError: invalid literal for int() with base 10: 'Hello'

int can convert floating-point values to integers, but it doesn’t round off; it chops
off the fraction part:

>>> int(3.99999)

3

>>> int(-2.3)

-2

float converts integers and strings to floating-point numbers:

>>> float(32)

32.0

>>> float('3.14159')

3.14159

Finally, str converts its argument to a string:

>>> str(32)

'32'

>>> str(3.14159)

'3.14159'



4.4. RANDOM NUMBERS 45

4.4 Random numbers

Given the same inputs, most computer programs generate the same outputs every
time, so they are said to be deterministic. Determinism is usually a good thing,
since we expect the same calculation to yield the same result. For some applica-
tions, though, we want the computer to be unpredictable. Games are an obvious
example, but there are more.

Making a program truly nondeterministic turns out to be not so easy, but there
are ways to make it at least seem nondeterministic. One of them is to use al-

gorithms that generate pseudorandom numbers. Pseudorandom numbers are not
truly random because they are generated by a deterministic computation, but just
by looking at the numbers it is all but impossible to distinguish them from random.

The random module provides functions that generate pseudorandom numbers
(which I will simply call “random” from here on).

The function random returns a random float between 0.0 and 1.0 (including 0.0
but not 1.0). Each time you call random, you get the next number in a long series.
To see a sample, run this loop:

import random

for i in range(10):

x = random.random()

print(x)

This program produces the following list of 10 random numbers between 0.0 and
up to but not including 1.0.

0.11132867921152356

0.5950949227890241

0.04820265884996877

0.841003109276478

0.997914947094958

0.04842330803368111

0.7416295948208405

0.510535245390327

0.27447040171978143

0.028511805472785867

Exercise 1: Run the program on your system and see what numbers you get. Run
the program more than once and see what numbers you get.

The random function is only one of many functions that handle random numbers.
The function randint takes the parameters low and high, and returns an integer
between low and high (including both).

>>> random.randint(5, 10)

5

>>> random.randint(5, 10)

9
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To choose an element from a sequence at random, you can use choice:

>>> t = [1, 2, 3]

>>> random.choice(t)

2

>>> random.choice(t)

3

The random module also provides functions to generate random values from con-
tinuous distributions including Gaussian, exponential, gamma, and a few more.

4.5 Math functions

Python has a math module that provides most of the familiar mathematical func-
tions. Before we can use the module, we have to import it:

>>> import math

This statement creates a module object named math. If you print the module
object, you get some information about it:

>>> print(math)

<module 'math' (built-in)>

The module object contains the functions and variables defined in the module. To
access one of the functions, you have to specify the name of the module and the
name of the function, separated by a dot (also known as a period). This format is
called dot notation.

>>> ratio = signal_power / noise_power

>>> decibels = 10 * math.log10(ratio)

>>> radians = 0.7

>>> height = math.sin(radians)

The first example computes the logarithm base 10 of the signal-to-noise ratio. The
math module also provides a function called log that computes logarithms base e.

The second example finds the sine of radians. The name of the variable is a hint
that sin and the other trigonometric functions (cos, tan, etc.) take arguments in
radians. To convert from degrees to radians, divide by 360 and multiply by 2π:

>>> degrees = 45

>>> radians = degrees / 360.0 * 2 * math.pi

>>> math.sin(radians)

0.7071067811865476
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The expression math.pi gets the variable pi from the math module. The value of
this variable is an approximation of π, accurate to about 15 digits.

If you know your trigonometry, you can check the previous result by comparing it
to the square root of two divided by two:

>>> math.sqrt(2) / 2.0

0.7071067811865476

4.6 Adding new functions

So far, we have only been using the functions that come with Python, but it is also
possible to add new functions. A function definition specifies the name of a new
function and the sequence of statements that execute when the function is called.
Once we define a function, we can reuse the function over and over throughout our
program.

Here is an example:

def print_lyrics():

print("I'm a lumberjack, and I'm okay.")

print('I sleep all night and I work all day.')

def is a keyword that indicates that this is a function definition. The name of
the function is print_lyrics. The rules for function names are the same as for
variable names: letters, numbers and some punctuation marks are legal, but the
first character can’t be a number. You can’t use a keyword as the name of a
function, and you should avoid having a variable and a function with the same
name.

The empty parentheses after the name indicate that this function doesn’t take any
arguments. Later we will build functions that take arguments as their inputs.

The first line of the function definition is called the header ; the rest is called
the body. The header has to end with a colon and the body has to be indented.
By convention, the indentation is always four spaces. The body can contain any
number of statements.

The strings in the print statements are enclosed in quotes. Single quotes and double
quotes do the same thing; most people use single quotes except in cases like this
where a single quote (which is also an apostrophe) appears in the string.

If you type a function definition in interactive mode, the interpreter prints ellipses
(. . . ) to let you know that the definition isn’t complete:

>>> def print_lyrics():

... print("I'm a lumberjack, and I'm okay.")

... print('I sleep all night and I work all day.')

...
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To end the function, you have to enter an empty line (this is not necessary in a
script).

Defining a function creates a variable with the same name.

>>> print(print_lyrics)

<function print_lyrics at 0xb7e99e9c>

>>> print(type(print_lyrics))

<class 'function'>

The value of print_lyrics is a function object, which has type “function”.

The syntax for calling the new function is the same as for built-in functions:

>>> print_lyrics()

I'm a lumberjack, and I'm okay.

I sleep all night and I work all day.

Once you have defined a function, you can use it inside another function. For exam-
ple, to repeat the previous refrain, we could write a function called repeat_lyrics:

def repeat_lyrics():

print_lyrics()

print_lyrics()

And then call repeat_lyrics:

>>> repeat_lyrics()

I'm a lumberjack, and I'm okay.

I sleep all night and I work all day.

I'm a lumberjack, and I'm okay.

I sleep all night and I work all day.

But that’s not really how the song goes.

4.7 Definitions and uses

Pulling together the code fragments from the previous section, the whole program
looks like this:

def print_lyrics():

print("I'm a lumberjack, and I'm okay.")

print('I sleep all night and I work all day.')

def repeat_lyrics():

print_lyrics()

print_lyrics()
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repeat_lyrics()

# Code: http://www.pythonlearn.com/code3/lyrics.py

This program contains two function definitions: print_lyrics and repeat_lyrics.
Function definitions get executed just like other statements, but the effect is to
create function objects. The statements inside the function do not get executed
until the function is called, and the function definition generates no output.

As you might expect, you have to create a function before you can execute it. In
other words, the function definition has to be executed before the first time it is
called.

Exercise 2: Move the last line of this program to the top, so the function call
appears before the definitions. Run the program and see what error message you
get.

Exercise 3: Move the function call back to the bottom and move the definition of
print_lyrics after the definition of repeat_lyrics. What happens when you
run this program?

4.8 Flow of execution

In order to ensure that a function is defined before its first use, you have to know
the order in which statements are executed, which is called the flow of execution.

Execution always begins at the first statement of the program. Statements are
executed one at a time, in order from top to bottom.

Function definitions do not alter the flow of execution of the program, but re-
member that statements inside the function are not executed until the function is
called.

A function call is like a detour in the flow of execution. Instead of going to the next
statement, the flow jumps to the body of the function, executes all the statements
there, and then comes back to pick up where it left off.

That sounds simple enough, until you remember that one function can call another.
While in the middle of one function, the program might have to execute the state-
ments in another function. But while executing that new function, the program
might have to execute yet another function!

Fortunately, Python is good at keeping track of where it is, so each time a function
completes, the program picks up where it left off in the function that called it.
When it gets to the end of the program, it terminates.

What’s the moral of this sordid tale? When you read a program, you don’t always
want to read from top to bottom. Sometimes it makes more sense if you follow the
flow of execution.
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4.9 Parameters and arguments

Some of the built-in functions we have seen require arguments. For example, when
you call math.sin you pass a number as an argument. Some functions take more
than one argument: math.pow takes two, the base and the exponent.

Inside the function, the arguments are assigned to variables called parameters.
Here is an example of a user-defined function that takes an argument:

def print_twice(bruce):

print(bruce)

print(bruce)

This function assigns the argument to a parameter named bruce. When the func-
tion is called, it prints the value of the parameter (whatever it is) twice.

This function works with any value that can be printed.

>>> print_twice('Spam')

Spam

Spam

>>> print_twice(17)

17

17

>>> import math

>>> print_twice(math.pi)

3.141592653589793

3.141592653589793

The same rules of composition that apply to built-in functions also apply to
user-defined functions, so we can use any kind of expression as an argument for
print_twice:

>>> print_twice('Spam '*4)

Spam Spam Spam Spam

Spam Spam Spam Spam

>>> print_twice(math.cos(math.pi))

-1.0

-1.0

The argument is evaluated before the function is called, so in the examples the
expressions “Spam ’*4andmath.cos(math.pi)‘ are only evaluated once.

You can also use a variable as an argument:

>>> michael = 'Eric, the half a bee.'

>>> print_twice(michael)

Eric, the half a bee.

Eric, the half a bee.

The name of the variable we pass as an argument (michael) has nothing to do
with the name of the parameter (bruce). It doesn’t matter what the value was
called back home (in the caller); here in print_twice, we call everybody bruce.


