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Python programming language:
introduction
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Basic elements
Python program (script): sequence of statements, instructions or commands
                                       that are interpreted and executed by the Python interpreter 
                                       using basic elements as values, types, variables, ...

Value: the core elements that a Python program manipulates

Type: range of values and operations that we can do with objects of this type.
          Any value falls into a class or type

Scalar types: its values are indivisible
Non-scalar types:  values have an internal structure.

Python: 3 three scalar basic types:       int   integer
                                                          float   real
                                                            bool   Boolean

>>> type (3)
<class 'int'>
>>> type(3.0)
<class 'float'>
>>> type(True)
<class 'bool'>
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Type int
Represents an interval of integers [MIN, MAX]                           4 bytes int: [-231, 231-1]

values: sequence of digits and optional character – (negative)          3, -24, 6789, 0

operators:  -  (opposite, unary operation)
                  +, -, *, **,    /,   //, %  (binary operations)

result: int                                                        standard division result: float

 

>>> 3 + 4     # addition
7
>>> 3 - 4     # subtraction
-1
>>> 3 * 4     # product
12
>>> 2**3     # exponentiation
8

>>> 6/4        # int divided by int
1.5
>>> 6/4.0    # int divided by float
1.5
>>> 4/2         # int divided by int
2.0
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Type int: integer division
floor division ( //) and modulo (%) operators

                                                                        negative operands
>>> 6//4
1
>>> 6 % 4
2
>>> 13//3
4
>>> 13 % 3
1

>>> 7//2
3
>>> 7%2
1
>>> 7// -2
-4
>>> 7%-2
-1

d (dividend) = q (quocient) * s (divisor) + r (remainder)

q = d // s
r = d % s “d modulo s” or “d mod s” for short 

    dividend  divisor
remainder   quocient
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Type float
Represents a subset of real numbers: limitation in range (magnitude) and precision
float: floating point representation

values: sequence of digits, optional – (for negative values) 
                                            and decimal point (dot character, mandatory)  
              3.0, 3., -24.78, 6789.876, 0.0     in scientific notation: 2.3e-5 (2.3·10-5)  

operators:  -  (opposite, unary operation)
                  +, -, *, **,/ (binary operations)

hybrid int/float operations: +, -, *, **

                                               Remember: 
                                               division operation, /,
                                               always gives a float result

>>> 3+4.4
7.4
>>> 16.44 * 0.5
8.22
>>> 16.44 /2
8.22
>>> 1.1  1.1–
0.0
>>> 15/2
7.5

operator int float

int int float

float float float
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Type bool
Represents Boolean (logic) values: False, True

comparison operators:       == (equals)                != (not equal to),
operands: same type             < (less than)              <= (less than or equal to),
result: bool                            > (greater than)         >= (greater than or equal to) 

                               
                                                                              

>>> 3 > 4
False
 >>> 2.5 < 3
True
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Type bool
Boolean operators: not, and, or
Truth tables: 

>>> 1 <= 6 <= 10
True 
>>> 1 <= 6 and 6 <= 10
True

a not a

True False

False True

a b a and b

True True True

True False False

False True False

False False False

a b a or b

True True True

True False True

False True True

False False False

 chained comparisons  allowed 6 ∈ [1, 10]
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Expressions

mathematics Python

24 2**4

2+5
  3

(2+5)/3

  6  
1+2

6/(1+2)

2x
 8

2*x/8

 8 
2x

8/(2*x)

** right-associative
- opposite operator
*,/,//,% left-associative
+,- left-associative
==,!=,...

not

and

or

Combination of variables, values, operators and calls to functions, following syntactic rules
The Python interpreter evaluates an expression and gives a result
        line format                                rules of precedence

>>> 2**3**2
512
>>> 2**(3**2)
512
>>> (2**3)**2
64
>>> (2+3)*(4+5)
45
>>> 2+3*4+5
19
>>> 3+4<5   # (3+4)<5
False

+

-
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Variables
A variable is a name or identifier that refers to a value

Variable names: 
● sequence of characters: letters, digits and _ (underscore) 
● initial character: letter or _
● case sensitive
● reserved words (keywords) forbidden
Examples:

Correct names: area, Area, b, abc, x23, cercle_area 

Wrong names: 1abc 
                           cercle area 
                           radius* 
                           float 

Different variables

Compound name: use underscore, 
space is not allowed

begins with a digit
space character not allowed
any other spacial character, as *,  is not allowed
keywords are not allowed
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Assignment statement
                is assigned 

      var_name   =   expression

● «var_name is assigned expression»
● assignment operator (=) is not commutative
● behavior:

1) right-hand side expression is evaluated → value
2) left-hand side variable name is assigned this value

>>> area = 5
>>> Area = area * 2
>>> area, Area
(5, 10)
>>> Area = Area + 10.5
>>> result = Area == 30
>>> area, Area, result
(5, 20.5, False)
>>> type(area)
<class 'int'>
>>> type(Area)
<class 'float'>
>>> type(result)
<class 'bool'>  

   is assigned      equals

result   =   Area   ==   30
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Strings: str
Represents string characters: 
character sequences as names, codes, phone numbers, ...

non-scalar, sequence type

values: quoted (single or double) 
 ‘abc-475 , Tomorrow , ’ ‘ ’ aa@aaa.aa  , Hanna s bag  ‘ ’ “ ’ ”

operators (block): + (concatenation), * (replication)
function len (standard library)

comparison operators: lexicographical order (ASCII table)

 

>>> abc  + -475‘ ’ ‘ ’
‘abc-475’
>>> len ( measures )‘ ’
8
>>> abc *3‘ ’
‘abcabcabc’
>>> a  < v‘ ’ ‘ ’
True 
>>> 7  > 9’ ’ ‘ ’
False
>>> leg  < wing‘ ’ ‘ ’
False
>>> abracadabra > amber‘ ’ ’ ’
False 
>>> 100  < 200’ ’ ‘ ’
True
>>> 100  < 2‘ ’ ‘ ’
True
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ASCII table

Useful intervals:

● [‘0’, ‘9’]
● [‘A’, ‘Z’]
● [‘a’, ‘z’]
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builtins library
library: set of functions.
builtins library: set of built-in functions 
                        already available

int, float, str, bool:   conversion functions 
type:   type of a variable or value
len:   number of elements of a sequence
abs:   absolute value
round:   rounds a real value
max, min:   maximum and minimum of a set of values

>>> str (42.85)
'42.85'
>>> str (3*4)
'12'
>>> int (3*4.2)
12
>>> float (3*4)
12.0
>>> int('100')
100
>>> abs(-5.6)
5.6
>>> round(45.987623, 4)
45.9876
>>> max (4, 6, 5, 3)
6
>>> min (4, 6, 5, 3)
3
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math library
math library: mathematical functions 
we must import all libraries, except builtins
              import statement, keyword: import
Two alternative sintaxes:

constants: pi, e, ...

exp, log: ex, logarithm (e base)
sqrt: square root
sin, cos, tan: trigonometric functions 
                         (radians)
degrees, radians: conversion functions

import library function call

import math math.sin(x)

from math import sin sin(x)

>>> import math
>>> math.exp(4)
54.598150033144236
>>> math.log(54.598150033144236)
4.0
>>> math.sqrt(81)
9.0
>>> rad = math.radians(30)
>>> rad, math.sin(rad)
(0.5235987755982988, 0.49999999999999994)
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Sequential composition
A program is a composition of statements.

3 main composition types:
● sequential: 
● conditional
● repetitive

Statement i+1 is executed 
after statement i, i =1..n-1

Statement 1
Statement 2
...
Statement n

>>> a = 34     # line 1
>>> b = 58     # line 2
>>> a = a+b    # line 3
>>> b = a-b    # line 4
>>> a = a-b    # line 5
>>> a, b
(58, 34)

Comments: preceded by #   
● intended for humans
● skipped by the Python interpreter
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Program tracing
Tracing the value of the variables
along the program statements

automatic program tracing: Python tutor

Manual tracing (pencil and paper): table variables/statements                                        
    

>>> a = 34      # line 1
>>> b = 58      # line 2
>>> a = a+b    # line 3
>>> b = a-b    # line 4
>>> a = a-b    # line 5
>>> a, b
(58, 34)

line a b

0 ? ?

1 34 ?

2 34 58

3 92 58

4 92 34

5 58 34

http://www.pythontutor.com/
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Code readability
● meaningful variable names
● comments: 

           text following symbol # is not     
           interpreted by Python

>>> mass = 25
>>> acceleration = 4
>>> force = mass/acceleration      # 2nd Newton s law’

>>> a = 25
>>> b = 4
>>> c =  a/b

>>> mass = 25
>>> acceleration = 4
>>> force = mass*acceleration      # 2nd Newton s law’

neither meaningful names 
nor comments: no idea of 
what intends to do this code

meaningful names and 
comments:
● purpose of the code easily 

guessed
● detection of errors 

correct code
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Multiple assignment

1)right-hand side expressions are evaluated: values
2)left-hand side variable names are assigned these values

   value swapping                                            no value swapping

>>> a, b = 3, 4
>>> b, a = a, b
>>> a, b
(4, 3)

>>> a, b = 3, 4

>>> a, b = 3, 4
>>> b = a
>>> a = b
>>> a, b
(3, 3)
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builtins library: 
bool and eval

bool: returns True except these cases

                                 Unexpected result

                                                           eval: 
                      evaluates any expression 
                        represented as an string

>>> bool(0.0)
False
>>> bool(0)
False
>>> bool('')
False
>>> bool('True')
True
>>> bool('False')
True

>>> eval('True')
True
>>> eval('False')
False
>>> eval ('3*4')
12
>>> a = 5
>>> eval  ('a*2+6 < 20 and a < 10')
True
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Input/Output
built-in functions input and print
input: gets input from the program user. 
print: shows values, variables and expressions.                                             

>>> x = input ('Enter the value of x: ')
Enter the value of x: 25
>>> x
'25'
>>> x = float(input ('Enter the value of x: '))
Enter the value of x: 25
>>> x
25.0
>>> import math
>>> print('The square root of', x, 'is:', math.sqrt(x))
The square root of 25.0 is: 5.0

input function always returns a string
          to obtain a value of another type
          use conversion functions
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