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Python Data Types

You do not need to declare variables in Python.

Dynamically typed

int, float, str, bytes, list, tuples, dictionary, set, Boolean, file, 
NoneType



Dynamically typed vs Statically Typed

Do type checking at runtime. (types are not associated 
with variables)

Do type checking before runtime. Typically at compile 
time. (compile C file: TypeERROR) 



Python Numbers

Python store numbers in binary, with a variable number of bits. 
(depends on the memory available)

Integers  1, -1, 0b10011010(binary), 0o1247(octal), 0x3ad7 (hex)

Floating point 1.0, 1.2345, 2.71828e-25, 8e12

Complex numbers 3+4j, 3j, 3.14–2.71j

Dynamically ‘stretched’ to the upper most compatible type



Something interesting



Something interesting



Something interesting

0.1 =
1

10
In binary

1

1010

(Binary)Division:
1/1010 = 0.0001001001001001001……

= 0.0001



But, hey! Wait a minute…



Something interesting

How come the Python 
interpreter know 0.1 
exactly when I call it??
Isn’t that 0.1 exact?



Why is that?????



Something interesting – The Truth
https://docs.python.org/3/tutorial/floatingpoint.html

https://docs.python.org/3/tutorial/floatingpoint.html


Python Strings

‘This is a piece of python string’
“This is a piece of python string”

‘‘‘ You can use “ in ‘ and ’ ’’’
‘Or use black slash like \’ ’

‘Double quotes “” can be printed inside single quote’
“Single quotes ‘’ can be printed inside double quote”

“ “ “String with
multiple lines

” ” ”



Python Identifiers

What is an identifier in python?
simply: names of variables, functions, classes, class 

instances, etc.

• Be aware of the reserved keywords of Python. (You can find the 

complete list easily in our textbooks.)

• Case sensitive
• Should not start with numbers
• No special symbols allowed, including blank spaces
• No length limitation



Python Strings

Python str use Unicode characters by default
Default output encoding: UTF-8 
(but sometimes depends on your exact machine & OS settings)

Use backslash \ as escape characters
Or use the r-prefix in front of the string text

Other prefix: u, r, b, f(starting from Python 3.6)

Use encode(), decode() methods to alter the encodings

https://docs.python.org/3.11/library/codecs.html#standard-encodings

https://docs.python.org/3.11/library/codecs.html#standard-encodings


Python Operators

Arithmetic operators:
+ add,
- subtract, 

* multiply, 
** power, 
/ divide, 
// truncate, 
% modulo,
@ matrix multiplication,

Bitwise binary operators:
^ XOR bitwise addition,
| OR 0 if both 0 otherwise 1,
& AND – bitwise multiplication,
~ complement,
>> shift left bit, 
<< shift right bit, 

Comparison operators:
>, <, =, ==, !=, >=, <=



Python Operators

Logical operators: and, or, not

Identity operator: is, is not

Membership Operators: in, not in



Demo





Python Sequences and Indexing

Built-in sequences: list, str, tuple, bytes.

Each element in the sequence is addressed with an index.

Counting starting from 0
0 1 2 3 4 5

-6 -5 -4 -3 -2 -1



Python Sequences and Indexing

Built-in sequences: list, str, tuple, bytes.

Each element in the sequence is addressed with an index.

Counting starting from 0

0 1 2 3 4 5

-6 -5 -4 -3 -2 -1



Python Sequences and Slicing

Slicing: accessing part(s) of a sequence 

SEQ = a sequence,  a,b are int
SEQ[a:b]  (what if a > len(SEQ), b > len(SEQ), a 
SEQ[:b], SEQ[a:], and/or b negative
SEQ[:] 
SEQ[a:b:s]
SEQ[::-1]

0 1 2 3 4 5

-6 -5 -4 -3 -2 -1



Python Object & Reference

Mappings from namespace to objects, 
one to one 
or 
one to many.

Every object have an 
Unique id.
id() method
is operator

Namespace

Objects



Python Variables

Namespace

Objects

var

Obj



Python Variables

Namespace

Objects

student_num

21



Python Variables

Namespace

Objects

student_num

21 23



Python Object & Reference – Mutable and Immutable

Difference: can you change the object itself once it is 
created?

If yes:
mutable

elif no:
immutable

Numbers, strings, bytes, 
tuples, Booleans

lists, dictionaries, sets



Python Memory Management

Automatic!

Reference counting. 
Runtime keeps track of all references to an object. 

When zero, unusable & can be deleted.

Additional memory and computation power required 
compared to manual memory management.



Python Garbage Collection

By default, python uses CPython implementation.

Uses:
• Reference counting
• Generational garbage collection
o Cyclic garbage collector: 

✓ tracks all objects
✓ have different generations (in total 3)
✓ threshold in each generation (collect when it reaches)

✓ does not work in real time (periodic runs)



The Cyclic Garbage Collector

Generation 0 Generation 1 Generation 2

Frequency of 
garbage collection

Threshold
700                                  10                                    10

High Low

High Low

Many other conditions do exist!

Object

Object 
Creation survived gc

Garbage

Object Object

Did not survive
Did not survive

Did not survive

start from gc
gen0

survived gc

survived gc



Wrap-up

✓ Data types

✓ Numbers & strings

✓ Identifiers

✓ Operators

✓ Sequences, indexing and slicing

✓ Objects & references

✓ Memory Management & Garbage collection



Wrap-up

✓ Practice makes perfect.
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