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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. >>> type (3)
<class ’int’>
>>> type(3.0)

Python: 3 three scalar basic types: int integer <class 'float’>
float real >>> type (True)
bool Boolean <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)
=,k xx, /0 //, % (binary operations)

result: int i standard division result: float
o> 3t 4 #addition “|>>>6/4  #int divided by int
>33 -4 #subtraction 3 6/4.0 #int divided by float
1, S * % #product e 4/2  #int divided by int
g>> 2*x*3  # exponentiation 2.0
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Type int: Iinteger division

floor division ( //) and modulo (%) operators dividend‘ divisor

d (dividend) = g (quocient) * s (divisor) + r (remainder) remainder quocient
q=d//s
|r=d%s - ~ “d modulo s” or “d mod s” for short

negative operands

>>>6//4 >>>7//2
1 3
>>>6 74 >>> Th2
2 1
>>>13//3 >>>T7// -2
4 -4
>>>137%3 >>> TY%-2
1 -1
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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 (2.3-107)

operators: - (opposite, unary operation) >>> 3+4.. 4
+, —, *, **,/ (binary operations) 7.4
>>>16.44 % 0.5
PO : . 8.22
+ - * k%
hybrid 1nt/f.loat operations: +, -, *, 55> 16.44 /2
operator |int float 8.22
int int Float R_e_m_ember. | >>>1.1-1.1
division operation, /, 0.0
float float |float | 5,yqys gives a float result  ~ ;>; 15/2
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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:

a b aorb a b aandb
True True True True True | True
True |False |True True |False |False a not a
False | True True False | True | False True False
False | False | False False | False | False False | True
>>> 1 <=6<=10
chained comparisons allowed True R AR o - 6 1,10
P >>>1 <= 6 and 6 <= 10 < [1, 10]
True -
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The Python interpreter evaluates an expression and gives a result

line format
mathematics | Python
2¢ Dk k4
2+5 (2+5)/3
3
_6 6/ (1+2)
1+2
2X 2*x/8
8
8 8/ (2xx)
2X
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Expressions

Combination of variables, values, operators and calls to functions, following syntactic rules

rules of precedence

*x right-associative
- opposite operator
*,/,//'h | left-associative
+,- left-associative
not

and

or
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>>> D%k%k3%%2

512

>>> 2%k (3%%2)
512

>>> (2%%3) *%2
64

>>> (2+3) *(4+5)
45

>>> 2+3%4+5

19

>>> 3+44<5 # (3+4)<5
False




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 _

e case sensitive

* reserved words (keywords) forbidden

Different variables
Examples:

Compound name: use underscore,

Correct names: area, Area, b, abc, x23, cercle_area  gpace is not allowed

Wrong names: 1abc - begins with a digit
Ceg9le*area space character not allowed
ﬁo;}:i ~any other spacial character, as *, is not allowed
- keywords are not allowed
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Assignment statement

Is assigned
var_name 1l=f expression
R
* «var_name is assigned expression»
e 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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Represents string characters:
character sequences as names, codes, phone numbers, ...

non-scalar, sequence type

Strings: str

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)
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>>> ‘abc’ + ‘-475’
‘abc-475’

>>> len (‘measures’)
8

>>> ‘abc’*3
‘abcabcabc’

>>> ‘a’ <y’

True

>>>'T7' > '9’

False

>>> ‘leg’ < 'wing’
False

>>> ‘abracadabra’>'amber’
False
>>>"100" < ‘200’
True

>>> 100" < ‘2’

True
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ASCII table

Dec Hxoct Char Dec Hx Cct Html hr  [Dec Hx Qct Himl Chr| Dec Hx Oct Hirml Chr
0 0000 NUL (null) 32 20 040 &#32; Space 64 40 100 =#64; [ | 96 60 140 =#96;
1 1 001 %0H (start of heading) 33 21 041 s#33; ! 65 41 101 #65; 4 [ 97 g1 141 «#97; a
2 2 002 3T (start of text) 34 22 042 #34; " 66 42 102 «#66: B | 98 62 142 &#95: b
3 3 003 ETY (end of text) 35 23 043 s#35; # 67 43 103 «#67; C | 99 63 143 &#99;
4 4 004 EOT (end of transmission) 36 24 044 s#36; 5 63 44 104 «#65; D (100 64 144 «#l00; d
5 5 005 ENQ {encquiry) 37 25 045 «#37: % 69 45 105 «#69; E (101 65 145 «#101: e
6 6 006 ACE [acknowledge) 38 26 046 #3858 = 70 46 106 «#70: F (102 66 146 «#l02; £
7 7 007 BEL (bell) 39 27 047 s#39; 71 47 107 «#71: G (103 67 147 &#103; o i .
& & 010 B3 (backspace] 40 Z§ 050 &#40; | 72 45 110 «#7Z2; H (104 63 150 «#104:; h LJE;EBfLJI Ir]tEEr\/EilE;'
9 9 0ll TAE (horizontal tab) 41 29 051 s#4l; ) 73 49 111 #73: I [105 69 151 &#105; 1
10 & 012 LF (ML line feed, new line)| 42 24 052 «#42; * 74 44 112 «#74: T (106 64 152 &#106: ]
11 B 013 ¥T (wertical tab) 43 ZE 053 &#43; + 75 4B 113 &#75; K (107 6B 153 &#107:; k [‘()’ ‘S)’]
1Z C 014 FF (NP form feed, new page)| 44 ZC 054 &#4d; | 76 4C 114 «#76; L (105 6C 154 &«#108; 1 !
13 D 015 CR [carriage return] 45 2D 055 &#45; - 77 4D 115 #77: M (109 gD 155 «#109: m [‘/\’ ‘ZZ’]
14 E 0l6 30 (shift out) 45 ZE 056 s#46; . 78 4E 116 &#75: N [110 6E 156 «#110; n !
15 F 017 3T (shift in) 47 2F 057 &#47: / 79 AF 117 &#79; 0 [111 6F 157 &#111; o [‘a’ ‘Z’]
16 10 020 DLE (data link escape) 43 30 060 &#458; 0 g0 50 120 «#30; P (112 70 le0 &#l12Z: D !
17 11 021 DCl (dewice control 1) 49 31 061 &#49; 1 1 51 121 &#81; 0 (113 71 161 s#113; g
13 12 022 DCZ (dewice control 2) 50 32 062 &#50; =2 g2 52 122 &«#82; B (114 72 lgz &#114:; ¢
19 13 023 DC3 (dewice control 3) 51 33 063 &#51; 3 83 53 123 &#83; 3 [115 73 le63 &#ll5; =
20 14 024 DC4 (dewice control 4) 5z 34 064 s#52; 4 g4 54 124 «#584; T [116 74 lsd s#ll6; ©
21 15 025 NAE (negative acknowledoge) B3 35 0A5 &#53; 5 G5 55 125 &«#35; T (117 75 165 &#117: u
22 16 026 3VN (synchronous idle) 54 36 066 s#54; 6 86 56 126 o#86: V (118 76 les «#lla; v
23 17 027 ETE (end of trans. block) 55 37 067 &#55; 7 g7 57 127 &#87:; W (119 77 lg7 &#l19: w
24 18 030 CAN (cancel) 56 38 070 s#56; 8 88 58 130 #85: ¥ [lz0 78 170 s#l20; x
25 19 031 EM (end of medium) 57 39 071 &#57; 9 g9 59 131 &#89; T [121 79 171 «#l2l: ¥
26 li 032 3UB (substitute) 55 34 072 s#58; : o0 5A 132 &#90; I (122 74 172 s#l22; =
27 1B 033 E3C (escape) 59 3B 073 «#59; : 9l 5B 133 «#91; [ [123 7B 173 &#123; {
28 1C 034 F3 (file separator) 60 3C 074 s#60; < 0z EC 134 «#92; % [lz4a 70 174 &#1:24;
29 1D 035 3  [group sSeparator) 6l 3D 075 &#6l; = 93 5D 135 &#33; ] |125 7D 175 &#125; |
30 1E 036 R3  (record separator) 6Z 3E 076 &#62; > 94 5E 136 &«#94; ~ (126 7E 176 &#lZe; ~
31 1F 037 U3 [(unit separator) 63 3F 077 s#63; 7 95 5F 137 «#95; _ [127 7F 177 s#127; LEL
Source: www.LookupTables.com
Dolors Ayala BD IT&EA  Programming 12

Creative Commons Attribution Share-Alike 4.0 International

Course 2022-23



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: mMaximum and minimum of a set of values
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>>> str (42.85)

742 .85’

>>> str (3%4)

) 12)

>>> int (3*4.2)

12

>>> float (3%4)
12.0

>>> int (2100°?)

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: | >>> import math
import library function call >>>math.exp(4)
X ; 54.598150033144236
lmport math math.sin(x) >>> math.log(54.598150033144236)
from math import sin | sin(x) 4.0
>>>math.sqrt(81)
constants: pi, e, ... 9.0
exp, log: €, logarithm (e base) | >>>rad =math.radians(30)
sqrt: square root >>>rad, math.sin(rad)
sin, cos, tan: trigonometric functions (0.5235987755982988, 0.49999999999999994)
(radians)
degrees, radians: conversion functions
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Sequential composition

A program is a composition of statements.

3 main composition types:

 sequential: -
* conditional
* repetitive

Statement 1
Statement 2

Statement n

Statement i+1 is executed
after statementi, i =1..n-1
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>>>a=34 #1linel
>>>b=58 #1line?2
>>>a=atb #1line 3
>>>b=a-b #1line4d
>>>a=a-b #1lineb
>>>a,b

(58, 34)

Comments: preceded by #
* intended for humans
* skipped by the Python interpreter

BD IT&EA Programming 15
Course 2022-23



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 #1line 1
>>>Db =58 #line 2
>>>a=atb #1line3
>>>b=a-b #1line4
>>>a=a-b #1lineb
>>>a, b

(58, 34)
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ine ‘a |b
o ? 2
1 34 7
2 34 58
3 92 58
4 192 34
5 58 34
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http://www.pythontutor.com/

Code readabillity

* meaningful variable names
* comments:
text following symbol # is not

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

interpret\‘ed by Python

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

>>> mass =25
>>> acceleration=4

meaningful names and
comments:
« * purpose of the code easily

>>> force = mass/acceleration “# 2nd Newton's law

guessed
— * detection of errors

>>> mass = 25
>>> acceleration=4

>>> force =mass*acceleration # 2nd Newton's law

. correct code
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Multiple assignment

>>>a,b=3, 4

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 >>>a,b=3, 4
>>>b,a=a,b >>>b=a
>>>a, b >>>a=b
(4, 3) >>>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
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1

>>> b001(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<20anda<10’)

True
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Input/Output

built-in functions input and print input function always returns a string
input: gets input from the program user. to obtain a value of another type
print: shows values, variables and expressions. use conversion functions

>>> x = input (’Enter the value of x: ’)

Enter the value of x: 25

>>> X

) 25 b

>>> 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 256.01s: 5.0
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