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Python variables

How to access the content of a string and slice It:

In [10]:

In [11]:
Out[1l1l]:

In [12]:
O

In [13]:
n

In [14]:
Info

In [15]:
orm

In [16]:
formati

string =

type(string)

str

print(string[3])

print(string[-1])

print(string[0:4])

print(string[3:6])

print(string[2:-2])

Lists behave similarly.

I-th element of a string

from the i-th to the j-th character of a string [i, j)
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Python variables

Variables: nouns assigned to values stored in memory

Programs perform computations with variables to obtain results.

The token = links a value to a variable,
via an assignment statement.

>>> year = 2023

>>> month = 'October'

It links the /value (variable on the left) >>2>
with its rvalue (value on the right)

>>> year, month
The Python interpreter evaluates variables (2023, 'October')

and returns their values: >>> year

2023

The token = to assign is something different from == to verify value equality.

Tecniche di rappresentazione e modellizzazione dati Dr. Milena Valentini |  09/10/2024



Python expressions

combination of values, variables, operators and calls to functions.
Expression: The Python interpreter evaluates the written expression and
returns the result.
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Python operators

Operators: special tokens used to perform different operations

Python can perform operations only between variables / values of the same type.

Text Type: str

Numeric Types: ~ int, float, complex If types are compatible (e.g., integers are a
sub-set of floats), Python automatically cast
(~convert) to the higher-level type (~upgrade).

Sequence Types: list, tuple, range

Mapping Type: dict

Set Types: set, frozenset

Poolean Type:  hoot Otherwise: Error!
Binary Types: bytes, bytearray, memoryview

None Type: NoneType
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Python operators

Operators: special tokens used to perform different operations

Python can perform operations only between variables / values of the same type.

In [1]: a = 1

In [2]: type(a)
Out[2]: int

In [3]: b = 1.0

In [4]: type(b)

Out[4]: float Use the Python built-in function type()
to check whether variables / values
In [5]: type(a) == type(Db) have the same type.

Out[5]: False

In [6]: a ==

. _ '
Out[6]: True Do not just compare variable values!
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Python operators

Operators: special tokens used to perform different operations

Python can perform operations only between variables / values of the same type.

In [7]: ¢ = 4 + 3.5 | |
If types are compatible (e.g., integers are a

In [8]: print(c); type(c) sub-set of floats), Python automatically cast

7.5 (~convert) to the higher-level type (~upgrade).
Out[8]: float
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Python operators

Operators: special tokens used to perform different operations

Python can perform operations only between variables / values of the same type.

IR 7 e =4 x 3.5 _ _

If types are compatible (e.g., integers are a
In [8]: print(c); type(c) sub-set of floats), Python automatically cast
7.5 (~convert) to the higher-level type (~upgrade).

Out[8]: float

——————————————————————————————————————————————————————————————————————————— Otherwise: Error!
TypeError Traceback (most recent call last)

Input In [9], in <cell line: 1>()

——==>1d = § "hellc

TypeError: unsupported operand type(s) for +: 'int' and 'str
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Python operators

Arithmetic operators: used with numeric values to perform common mathematical operations

Operator

+

%

X X

//

Name

Addition
Subtraction
Multiplication
Division
Modulus
Exponentiation

Floor division

Example

X+Yy

X-Y

X %y
X ¥* y

X//y
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Python operators

Comparison operators: used to compare two values

Operator Name Example
== Equal Ny
|= Not equal X 1=y

> Greater than X >Y

< Less than X<Y

> = Greater than or equal to X>=Y
<= Less than or equal to X<=Y
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Python operators

Logical operators: used to combine conditional statements

Operator Description Example

and Returns True if both statements are true X <5and x< 10

Returns True if one of the statements is X<50rx<4
true

Reverse the result, returns False if the not(x < 5 and x < 10)
result is true
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Python operators

Membership operators: used to test if a sequence is presented in an object

Operator

In

Description Example

Returns True if a sequence with the Xiny
specified value is present in the object

Returns True if a sequence with the X notiny
specified value is not present in the
object
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Python operators

Membership operators: used to test if a sequence is presented in an object

Operator Description Example

in Returns True if a sequence with the Xiny
specified value is present in the object

Returns True if a sequence with the X notiny
specified value is not present in the
object

Extremely useful with lists:

In [12]: my namelist = [ . R ] In [14]: my list = [1,2,3,4]

In [13]: if in my namelist: In [15]: if 5 not in my list:
print ( ) c b print( )

Yes! Not there
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Python operators

When used with strings, the following operators assume a different meaning:

+ 1o concatenate strings

In [1]: +
Out[l]: 'FreeTime'

*  to repeat strings (you can only use integer and strings)

In [2]: 4 *
Out[2]: 'hihihihi’

When applied to lists, these operators behave in a similar mannetr.
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Python operators

When used with strings, the following operators assume a different meaning:

+ 1o concatenate strings

*  to repeat strings (you can only use integer and strings)

When applied to lists, these operators behave in a similar manner.

In [18]: my list = [ - ’ ’ ' ]

In [19]: print(my list[0])
you

In [20]: print(my list[-2])
we

In [21]: print(my list[-3:])
[ 'she', 'we', 'they']

In [22]: my list + my list
Out[22]: ['you', 'he', 'she', 'we', 'they', 'you', 'he', 'she', 'we', 'they']

In [23]: 2 * my list
Out[23]: ['you', 'he', 'she', 'we', 'they', 'you', 'he', 'she', 'we', 'they']

In [24]: 2 * my list[O0]
Out[24]: 'youyou'
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Python operators

Exercises

Using the Python interpreter:

1. Type: hello + 3
and make the result be 14.

2. Create the variables value and percentage to compute the 5% of 14350.
3. Assemble a string (e.g., ‘hello’) from a few other strings.

4. Assemble a sentence from a list of strings.
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Python Types

Dictionaries
Python type used to store data values in key : value pairs.
A dictionary is a collection which is ordered, changeable and do not allow duplicates.

Dictionaries are written with curly brackets, and have keys and values.

In [18]: my dict 1 = { : : : : } icti ry of ri
In [19]: my dict 2 = { 1991, 1999, :2006} # dictionary of numbers
In [20]: my dict 2] ] = 1992 # to assign

In [21]: print(my dict 2)
{'brother': 1992, 'sister': 1999, 'dog': 2006}

In [22]: print( - .format(my dict 2] 1))
My sister was born in : 1999

In [23]: print( .format(my dict 1] 1))
My sister is : Anna
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Python: .format

my list = |1, 2, 3,

my_ Llist
[1' 2, 3' lal' lbl' 'C.]

[ ] : print(‘'1Ist element is {} 2nd element is {} 3rd element 15 Mg format( ‘dog', 4200, my_list))
lst element is dog 2nd element is 4200 3rd element is [1, 2, 3, 'a', 'b', 'c']

. print('Ist element is {0} 2nd element is {1} 3rd element is {2}'.format( ‘dog’', 4200, my_list))
1st element is dog 2nd element is 4200 3rd element is [1, 2, 3, 'a', 'b', 'c']

| 4): print(‘'1Ist element is {2} 2nd element is {0} 3rd element is {1}'.format( 'dog’', 4200, my_list))
1st element is [1, 2, 3, 'a', 'b', 'c'] 2nd element is dog 3rd element is 4200

_ print( ‘1st element is {0} 2nd element is {1} 3rd element is {5}'.format( 'dog’, 4200, my_list))
Traceback (most recent call last):

EeLl Inissy, 'Ll ;
print('1lst element is {0} 2nd element is {1} 3rd element is {5}'.format('dog', 4200, my_list))

Replacement index 5 out of range for positional args tuple
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Python: .format

my list = [1, 2, 3,

. my_Llist
[1' 2, 3' lal' lbl' ICI]

n [1 print( 'Ist element is {} 2nd element is {} 3rd element 15 {}' format( ‘dog', 4200, my_list))
lst element is dog 2nd element is 4200 3rd element is [1, 2, 3, 'a', 'b', 'c']

r . print('Ist element is {0} 2nd element is {1} 3rd element is {2}'.format( ‘dog’', 4200, my_list))
1st element is dog 2nd element is 4200 3rd element is [1, 2, 3, 'a', 'b', 'c']

n [14]): print('Ist element is {2} 2nd element is {0} 3rd element is {1}'.format( ‘dog’', 4200, my_list))
1st element is [1, 2, 3, 'a', 'b', 'c'] 2nd element is dog 3rd element is 4200

‘ 15]: print('1st element is {0} 2nd element is {1} 3rd element is {5}'.format( ‘'dog’', 4200, my_list))
Traceback (most recent call last):

Cell In[15], 11 !
print('1lst element is {0} 2nd element is {1} 3rd element is {5}'.format('dog', 4200, my_list))

Replacement index 5 out of range for positional args tuple
print( ‘1st element is {}'.format( ‘dog’, 4200, my_list))
lst element is dog

n [17]: printQ‘'1st element is {2} format( ‘dog', 4200, my_list)}
1st element is (e, ara'at . b atich
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Python Types

Tuples

Along with lists and dictionaries (and sets), tuples make a built-in data type in Python used to store
collections of data.

In [3]: my tuple = (3, 3.0, "three ')

In [4]: type(my tuple)
Out[4]: tuple

In [5]: print(len(my tuple))
3
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Python Types

Tuples and lists are both used to store collection of data
They are both heterogeneous data types (you can store any kind of data type in the same collection).
They are both ordered (the order in which you put the items are kept).
They are both sequential data types so you can iterate over their items.
ltems of both tuples and lists can be accessed by an [index].

In [11]: a list = [1,2, +4,5.3, True]
In [12]: a tuple = (1,2, +4,5.3, True)

In [13]: print(a list)

Ma|n dlﬁerence [1, 2, 'hello', 4, 5.3, True]
In [14]: print(a_ tuple)
tuples cannot be changed G e
(tuples are immutable objects) e
while lists can be modified. T e e T

[1, 2, 'bye', 4, 5.3, True]

In [17]: a tuple[2] =

TypeError Traceback (most recent call last)
Input In [17], in <cell ne:
—_————> 1 @ tupltep2y = 'bye’

TypeError: 'tuple' object does not support item assignment
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The Python keyword None

None

The keyword None refers to a variable / value which exists, but it is not yet defined.

The keyword None has the following value: Nonelype In [8]: a = None

In [9]: type(a)
Out[9]: NoneType

Assigning the None value to variable does not delete it: | : ,
space for the variable content is reserved In [10]: a 1s None
and filled with the value None Out[10]: True

Use the keyword is to check whether a variable is None.
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Python casting

Casting functions

To convert one Python type into another, there are casting functions.

Their name is that of the type which we want to convert the argument type into.
[In [5]: float(3)
Out[5]: 3.0

In [6]: str(3.0)
Out[6]: '3.0'

[In [7] int( "—M;?‘:q)

ValueError Traceback (most recent call last)
Input In [7], in <cell line: 1>()

s ]

ValueError: invalid literal for int() with base 10: 'three'
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Python: conditions, blocks, indentations

Conditional instructions

if (my_var > your_var):
print("My var 1is bigger than yours")

if (my_var-your var) <= 1:
olrale( o Slollie (e S© (ke )
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Python: conditions, blocks, indentations

Conditional instructions

i (Y VAar o MO VER

print("My var is bigger than yours”)

////1 : 1aF (my_var-your_var) <= il
indentation —_— : :' """""""""""""""

(4 space or tab)
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Python: conditions, blocks, indentations

Additional conditions are added with elif

if (my_var > your _var):
print("My var is bigger than yours")

if (my_var-your var) <= 1:
OFIAIE o olBURE [EAS. S© [VE-)

elif (my var-your_var) <= 5:
ofpalimne(( - - oOUEEE &) lenle )

else:
slealighe(C . < ) el )
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Python: loops

For / while loops

I
! ]
\

while i1<10:

print(i)
| = I+
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Python: loops

For / while loops

I
! ]
\

while i1<10:

print(i)
| = I+

given a list of numbers

for each element in the list:
If the element is smaller than 5:

then, print it MeEr st = [T, syl AL Gl & 27 dliEl]
Pseudo-code:
what to do for item in number list:
Actual code: 1t 1tem < 5
how 1o do print(item)
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Python: loops

Online manuals, tutorials, official Python documentation help O

: foriin range(10):

Python range() Function

< Built-in Functions

Create a sequence of numbers from 0 to 5, and print each item in the sequence:

: print(i)

X = range(6)
for n in x:
print(n)

Try it Yourself »

Definition and Usage

The range() function returns a sequence of numbers, starting from 0 by default, and increments by 1 (by default), and stops before a
specified number.

Syntax

range(start, stop, step)

Parameter Values
Parameter Description
start Optional. An integer number specifying at which position to start. Default is 0
stop Required. An integer number specifying at which position to stop (not included).
step Optional. An integer number specifying the incrementation. Default is 1

More Examples

Example

Create a sequence of numbers from 3 to 5, and print each item in the sequence:

X = range(3, 6)
for n in x:
print(n)
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Python: loops

For / while loops

I
! ]
\

while i1<10:

print(i)
| = I+
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Python: loops

For / while loops

for i, item in enumerate(my_list):
print(i, item)

>>> my_list = ('orange', 'lemon', 'apple', 'strawberry')
>>> for i1, i1tem in enumerate(my_list):
print( 'position {}: item {}'.format(i, item))

position 0: item orange

position 1: item lemon
position 2: item apple
position 3: item strawberry
>>> |

<class

>>> for

Element

Element
Element
Element
Element
Element

>>> my list
>>> type(my list)

[1,

'list'>

i, number in enumerate(my list):

A "
- 1=0

while i1<10:

print(i)

one:;, two .

'three']

print( 'Element {} is {}'.format(i, number))

s W= O

is
is
is
is
is
is

wnN =

one
two
three
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Python: exercises

Esercizi

1. — Costruire una lista di 10 nomi propri e farsi stampare la stringa “Ciao <nome>”

2. — Data la lista composta dai seguenti elementi:
2 3 4 5 12 13 14 15 0 1 22 23 24 25 32 30 34 35
scrivere un breve script che, a partire dal terzo elemento, restituisca per ogni elemento la
somma dei due elementi precedenti se I’elemento € maggiore di 3 e minore di 20,
dei due successivi se € maggiore di 20 e minore di 33, I’elemento stesso altrimenti.

3. — Costruire una lista data dall’unione di due liste:
la prima contenente 30 elementi che siano tutti numeri pari,
la seconda contenente 40 elementi che siano tutti numeri dispari.
Usando il ciclo while, scorrere gli elementi della lista unione delle due liste
e farsi stampare “<numero> e pari” finché il numero e pari.

4. — Costruire un dizionario (ad es.: lista della spesa) e stampare le singole coppie chiave/valore.

5. — Costruire una tupla e farsi stampare la coppia indice, elemento servendosi di enumerate.
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Python: extra

2> my tupile = (T2, 3 # tuple packing
>>> type(my tuple)
<class 'tuple'>

Tuple packing / unpacking

>>>

>>> a, b, ¢ = my tuple # tuple unpacking or assignment
>>> print( a = &, a) o printl( b = . b) : prant(:-c = :, c)
a =1

b =" 2

¢ = 3
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Python: extra

2> for 1 N range (2, 200 5
Iterators |. .. print (1)

12

1L 7/

>>>

>>> print(range(2, 20, 5))
Erandel@2, 20, 5)

>>>

>>> print(list(range(2, 20, 5)))
2 ] 1
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Python: extra

2> for 1 N range (2, 200 5
Iterators |. .. print (1)

12

L7/

>>>

>>> print(range(2, 20, 5))
Erandel@2, 20, 5)

>>>

>>> print(list(range(2, 20, 5)))
2 ] 1

>>> my string = 'info’
list() >>> my string

aligliE(e)

>>> a = list(my string)

>>> a

[lil’ an, lfl’ Uol]
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Python: modules

Python features several modules.
Each module contains instructions, constants and functions already available for the users.
Modules (like libraries) can be imported through the import statement.

Instructions of the module are available within the module namespace (i.e. the name of the module)

>>> a = sqrt(9)

Traceback (most recent call last):
File "<stdin>", Lline 1, in <module>

NameError: name 'sqgrt' i1s not defined

>>>

>>> 1mport math

>>> p = math.sqrt(9)
>>> print(b)

3.0
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Python: modules

Python features several modules.

Each module contains instructions, constants and functions already available for the users.
Modules (like libraries) can be imported through the import statement.

Instructions of the module are available within the module namespace (i.e. the name of the module)

@ Python » English 8 3120 B 3.12.0 Documentation » The Python Standard Library » Numeric and Mathematical Modules » math — Mathematical

functions

. math — Mathematical functions
able of Contents

math — Mathematical

functions This module provides access to the mathematical functions defined by the C standard.
= Number-theoretic and

;Eﬁzfis::;ation These functions cannot be used with complex numbers; use the functions of the same name from the
= Power and logarithmic cmath module if you require support for complex numbers. The distinction between functions which ) : :
functions support complex numbers and those which don’t is made since most users do not want to learn quite Power and Iogarlthmlc functions
. :r'g‘z_”ome”'c as much mathematics as required to understand complex numbers. Receiving an exception instead of o
unctions . . .
A - a complex result allows earlier detection of the unexpected complex number used as a parameter, so s :
A alrielle s (el As il ] _ , _ Return the cube root of x.
= Hyperbolic functions that the programmer can determine how and why it was generated in the first place.
= Special functions New in version 3.11.
= Constants The following functions are provided by this module. Except when explicitly noted otherwise, all re-

turn values are floats. math.exp (x)
- ) ] Return e raised to the power x, where e = 2.718281... is the base of natural logarithms. This is

usually more accurate than math.e *x x or pow(math.e, x).

math.exp2( x)
Return 2 raised to the power x.

https://docs.python.org/3/library/math.html

New in version 3.11.

Tecniche di rappresentazione e modellizzazione dati Dr. Milena Valentini |  09/10/2024



Python: modules

Python features several modules.
Each module contains instructions, constants and functions already available for the users.
Modules (like libraries) can be imported through the import statement.

Instructions of the module are available within the module namespace (i.e. the name of the module)

It is possible to map the namespace of the module we are importing into an alias:

https://numpy.org/doc/stable/

The fundamental package for scientific computing with Python

N u m I y LATEST RELEASE: NUMPY 1.26. VIEW ALL RELEASES
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Python: .format (additional features)

. my_Llist
[1' 2’ 3' |a|’ lbl' lcl]

| 2]: print('1st element is {} 2nd element is {} 3rd element 15 {}' format( ‘dog', 4200, my_list))
lst element is dog 2nd element is 4200 3rd element is [1, 2, 3, 'a', 'b', 'c']

port numpy as np

np.pl
3.141592653589793

n [26]: print('We stop at:\n integer part: {0:.0f}\n second digit: {0:.2f}\n 6th digit: {0:.6f}\n'.format(np.pi))
We stop at:

integer part: 3

second digit: 3.14

6th digit: 3.141593
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Python: round

round() rounds to the closest “integer’

>>> 1mport numpy

>>> a = numpy.pi
>>> print(a)
3.141592653589793
>>> b = round(a, 3)
>>> ¢ = round(a, 5)

>>> print(b, c¢)
3.142 3.14159

>>> my float = 7.8

>>> round(my float)

8

>>> type(round(my float))
Sellfais'ss i =

>>> my float 2 = 7.3

>>> round(my float 2)

7
round

Description

Syntax
round (number][, decimalplaces])

number

decimalplaces

Return Value

float

Required. An integer or float number.

Returns a floating point number rounded to a specified number of decimal places.

Optional. An integer specifying the number of decimal places. If omitted, defaults to zero.

Tecniche di rappresentazione e modellizzazione dati

Dr. Milena Valentini

09/10/2024



Python: modules

Exercises
Write a Python script that displays the following:

— the factorial of 39

— the number e

— the logarithm (in base e, 2, 3 and 10) of 1500
— a random number in the range [0, 1) ( hint: use the function random)
— a random float in the range [3.5, 13.9]

— an integer in the range [5, 50]

— an even integer in the range [6, 60]

— compute the mode of the list [1, 1, 2, 3, 3, 3, 3, 4]
— compute the mean of the list [1, 2, 3, 4, 5, 6, 7, 8]

Useful webpages:
nttps://docs.python.org/3/library/math.html
nttps://docs.python.org/3/library/random.html
nttps://docs.python.org/3/library/statistics.ntml
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