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Unit - 1

Chapter 1. Data Types
Data types determine whether an object can do something, or whether it just would not make
sense. Other programming languages often determine whether an operation makes sense for
an object by making sure the object can never be stored somewhere where the operation will
not be performed on the object (this type system is called static typing). Python does not do
that. Instead it stores the type of an object with the object (as an attribute of the object, more
on that later), and checks when the operation is performed whether that operation makes
sense for that object (this is called dynamic typing).
Python contains
 Built –in Data Types
 Mutable vs immutable Objects
 Creating Objects of Defined Types
 None

Built-in Data types
Python’s built-in (or standard) data types can be grouped into several classes. Sticking to
the hierarchy scheme used in the official Python documentation these are numeric types,
sequences, sets and mappings (and a few more not discussed further here). Some of the
types are only available in certain versions of the language as noted below.
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 boolean: the type of the built-in values True and False. Useful in conditional
expressions, and anywhere else you want to represent the truth or falsity of some
condition. Mostly interchangeable with the integers 1(True) and 0(False). In fact,
conditional expressions will accept values of any type, treating special ones like
boolean False, integer 0 and the empty string “” as equivalent to False, and all other
non-zero values as equivalent to True.

Numeric types:
 int: Integers; equivalent to Cand Java longs in Python 2.x, non-limited length in
Python 3.6 and all later versions
 long: Long integers of non-limited length; exists only in Python 2.x
 float: Floating-Point numbers, equivalent to C and Java doubles
 complex: Complex Numbers

Sequences:
 str: String; represented as a sequence of 8-bit characters in Python 2.x, but as a
sequence of Unicode characters (in the range of U+0000 - U+10FFFF) in Python 3.x
 byte: a sequence of integers in the range of 0-255; only available in Python 3.x
 byte array: like bytes, but mutable (see below); only available in Python 3.x
 list
 tuple

Sets:
 set: an unordered collection of unique objects; available as a standard type since
Python 2.6
 frozen set: like set, but immutable (see below); available as a standard type since
Python 2.6

Mappings:
 dict: Python dictionaries, also called hashmaps or associative arrays, which means
that an element of the list is associated with a definition, rather like a Map in Java.
Some others, such as type and callables.

Operators in Python
Precedence: The order of evaluation of operators in an expression is called precedence of
operators.
4
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Associativity: The order in which operations are carried out within same precedence group
of operators is called associativity.
Arity: The number of operands required for an operator is called arity of the operator.
The following table shows rules for arithmetic operators:
Operators Precedence
- -- ++ !
* / %
+ < <= > >=
== !=
&& ||

Associativity
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right

Brain Twister:
If a=10,b=12,c=7 and d=2, evaluate in Python without running the program and then run
program and explain the results.
>>>a-b/c*d
>>> a-d*b/c

#Ans. 8
#Ans. 7

Figure 1.1 Some unpredictable answer in Python version 2.7
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Mutable vs Immutable Objects
In general, data types in Python can be distinguished based on whether objects of the type are
mutable (intrinsically changeable) or immutable. The content of objects of immutable types
cannot be changed after they are created.
immutable types:

mutable types:

 int, float, long, complex

 byte array

 str

 list

 bytes

 set

 tuple

 dict

 frozen set
Only mutable objects support methods that change the object in place, such as reassignment
of a sequence slice, which will work for lists, but raise an error for tuples and strings.
It is important to understand that variables in Python are really just references to objects in
memory. If you assign an object to a variable as below
a=1
s = ‘abc’
l = [‘a string’, 456, (‘a’, ‘tuple’, ‘inside’, ‘a’, ‘list’)]
all you really do is make this variable (a, s, or l) point to the object (1, ‘abc’, [‘a string’, 456,
(‘a’, ‘tuple’, ‘inside’, ‘a’, ‘list’)]), which is kept somewhere in memory, as a convenient way
of accessing it. If you reassign a variable as below
a=7
s = ‘pqr’
l = [‘a simpler list’, 99, 100,3.14]
you make the variable point to a different object (newly created ones in our examples). As
stated above, only mutable objects can be changed in place. For example, l[0] = ‘a complex
list’ is ok in our example, but s[0] = ‘a’ raises an error. This is shown in the following screen
shot.
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Figure 1.2 Program shows lists are mutable whereas string objects are immutable.

This becomes tricky, when an operation is not explicitly asking for a change to happen in
place, as is the case for the += (increment) operator, for example. When used on an immutable
object (as in a += 1 or in s += ‘qwertz’), Python will silently create a new object and make the
variable point to it. However, when used on a mutable object (as in l += [1,2,3]), the object
pointed to by the variable will be changed in place. While in most situations, you do not have
to know about this different behavior, it is of relevance when several variables are pointing
to the same object. In our example, assume you set p = s and m = l, then s += ‘etc’ and l +=
[9,8,7]. This will change s and leave p unaffected, but will change both m and l since both
point to the same list object. Python’s built-in id() function, which returns a unique object
identifier for a given variable name, can be used to trace what is happening under the hood.
Typically, this behavior of Python causes confusion in functions. As an illustration, consider
this code:
def append_to_sequence (myseq):
myseq += (9,9,9)
return myseq
tuple1 = (1,2,3)
list1

= [1,2,3]

# tuples are immutable
# lists are mutable

tuple2 = append_to_sequence(tuple1)
list2

= append_to_sequence(list1)

print ‘tuple1 = ‘, tuple1

# outputs (1, 2, 3)
7
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print ‘tuple2 = ‘, tuple2

# outputs (1, 2, 3, 9, 9, 9)

print ‘list2

# outputs [1, 2, 3, 9, 9, 9]

print ‘list1

= ‘, list1
= ‘, list2

# outputs [1, 2, 3, 9, 9, 9]

This will give the above indicated, and usually unintended, output. myseq is a local variable of
the append_to_sequence function, but when this function gets called, myseq will nevertheless
point to the same object as the variable that we pass in (t or l in our example). If that object
is immutable (like a tuple), there is no problem. The += operator will cause the creation of a
new tuple, and myseq will be set to point to it. However, if we pass in a reference to a mutable
object, that object will be manipulated in place (so myseq and l, in our case, end up pointing
to the same list object).
Figure 1.3 Some unusual operations with list and string objects type.

Creating Objects of Defined Types
Literal integers can be entered in three ways:
 decimal numbers can be entered directly
 hexadecimal numbers can be entered by prepending a 0x or 0X (0xff is hex FF, or
255 in decimal)
 the format of octal literals depends on the version of Python:
 Python 2.x: octals can be entered by prepending a 0 (0732 is octal 732, or 474 in
decimal)
8
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 Python 3.x: octals can be entered by prepending a 0o or 0O (0o732 is octal 732, or
474 in decimal)
Floating point numbers can be entered directly.
Long integers are entered either directly (1234567891011121314151617181920 is a long
integer) or by appending an L (0L is a long integer). Computations involving short integers
that overflow are automatically turned into long integers.
Complex numbers are entered by adding a real number and an imaginary one, which is
entered by appending a j (i.e. 10+5j is a complex number. So is 10j). Note that j by itself does
not constitute a number. If this is desired, use 1j.
Strings can be either single or triple quoted strings. The difference is in the starting and
ending delimiters, and in that single quoted strings cannot span more than one line. Single
quoted strings are entered by entering either a single quote (‘) or a double quote (“) followed
by its match. So therefore
‘hoo’ works, and

“too” works as well,
but

‘bar” does not work, and

“baz’ does not work either.
“quux’’ is right out.

Triple quoted strings are like single quoted strings, but can span more than one line. Their
starting and ending delimiters must also match. They are entered with three consecutive
single or double quotes, so
‘’’foo’’’ works, and

“””moo””” works as well,
but

‘”’bar’”’ does not work, and

“””baz’’’ does not work either.
‘”’quux”’” is right out.

Tuples are entered in parentheses, with commas between the entries:
(10, ‘Mary had a little lamb’)
Also, the parenthesis can be left out when it’s not ambiguous to do so:
10, ‘whose fleece was as white as snow’
9
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Note that one-element tuples can be entered by surrounding the entry with parentheses and
adding a comma like so:
(‘this is a singleton tuple’,)
Lists are similar, but with brackets:
[‘abc’, 1,2,3]
Dicts are created by surrounding with curly braces a list of key/value pairs separated from
each other by a colon and from the other entries with commas:
{ ‘hello’: ‘world’, ‘weight’: ‘African or European?’ }
Any of these composite types can contain any other, to any depth:
(((((((((‘bob’,),[‘Mary’, ‘had’, ‘a’, ‘little’, ‘lamb’]), { ‘hello’ : ‘world’ } ),),),),),),)(More about
List,Tupleand Dictionary later)

Null object
The Python analogue of null pointer known from other programming languages is None.
None is not a null pointer or a null reference but an actual object of which there is only one
instance. One of the uses of None is in default argument values of functions, for which see
Python Programming By Dr. Ashwin Mehta, Himalaya Publishing House. Comparisons to
None are usually made using is rather than ==.
Testing for None and assignment:
if item is None:
...

another = None
if not item is None:
...

if item is not None: # Also possible
...

Using None in a default argument value:
def log(message, type = None):
...

PEP8 states that “Comparisons to singletons like None should always be done with is or is
not, never the equality operators.” Therefore, “if item == None:” is inadvisable. A class can
redefine the equality operator (==) such that instances of it will equal None.
10
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Variables and Other References
Storing and processing data is part of any computer program. To make using data more
flexible and easy, you want to give the data names that can be used later in program to refer
to them. These names are commonly called variables, which indicates that the data to which
they refer can vary (it can be changed), while the name remains the same.
A Python program accesses data values through references. A reference is a “name” that
refers to a value (object). References take the form of variables, attributes, and items. In
Python, a variable or other reference has no intrinsic type (data type). The object to which
a reference is assigned at a given time always has a data type, but a given reference may be
bound to objects of various types in the course of the program’s execution. Data are stored
at specific memory location with address. Thus, one can say that variables are names for
memory location which stores data value (object in Python).
Variable names are case sensitive and can include any alphanumeric character as well as
underscores but must start with a letter or underscore. For example, ‘Python’ and ‘python’
are two different variable names. Some valid names are volume, cat9, _pressure, etc. Some
invalid names are volume&, 9cat, 243, etc. Python has specified meanings for the following
words; hence, they cannot be used as names. They are known as key words and are as follows:
and
if
elif
in

continue
Not
For

except
return
pass

global
assert
while

lambda
del
class

raise
finally
else

yield
import
from

as
or
is

def
try
print

exec
break
with

exec and print are no longer keywords in V3.7, they are functions. The following words are
added as key words in V3.7 - nonlocal async and await.
In Python, variables are not declared. The life of a variable begins with a statement that
assigns some value to the variable. You can also unbind a variable, resetting the name so
it no longer holds a reference. Assignment statements are the most common way to bind
variables and other references. The del statement unbinds references. In other words, creating
a variable sets a name to hold a reference to some object. Object (all) contains attributes and
items. Attributes describe the object and also state of the object.
The distinction between the attributes and items of an object is in the syntax (code) used to
access them. To denote an attribute of an object, use a reference(name) to the object, followed
by a period (.), followed by an identifier known as the attribute name. For example, ashwin.
education refers to one of the attributes of the object bound to name ‘ashwin’, specifically that
attribute whose name is ‘education’.
To denote an item of an object, use a reference to the object, followed by an expression within
brackets ([]). The expression in brackets is known as the item’s index or key, and the object
is known as the item’s container. For example, ashwin [education] refers to the item at the
key or index bound to name ‘education’, within the container object bound to name ‘ashwin’.
11
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Attributes that are callable are also known as methods. Python draws no strong distinctions
between callable and non-callable attributes. All rules about attributes also apply to callable
attributes (methods).

Assignment Statements
Assignment statements can be plain or compound. Plain assignment to a variable is how
you create a new variable or rebind an existing variable to a new value. Plain assignment to
an object attribute is a request to object to create or rebind attribute. Plain assignment to an
item in a container is a request to container to create or rebind the item with index or key.
Examples of all these are as follows:
name = ‘ashwin’ name object and ashwin value assigned to object name.
ashwin.education = ‘M.Sc.,Ph.D.’ education is attribute of object ashwin.
ashwin[age] = 26

Here age is key.

A plain assignment statement in the simplest form has the syntax:

target = expression
The target is known as the lefthand side (LHS), and the expression is the righthand side
(RHS). When the assignment executes, Python evaluates the RHS expression, then binds
(assigns) the expression’s value to the LHS target. The binding does not depend on the type of
the value. Details of the binding do depend on the kind of target. The target in an assignment
may be an identifier, an attribute reference, an indexing, or a slicing:

An identifier
Is a variable name. Assigning to an identifier binds the variable with this name. e.g.
name=’ashwin’.

An attribute reference
Has the syntax obj.attrname, where obj is a Python object, and attrname is an identifier,
known as an attribute name of the object. Assigning to an attribute reference asks object obj
to bind its attribute named ‘attrname’. e.g. ashwin.education = ‘M.Sc.,Ph.D.’

An indexing
Has the syntax obj[expr]. obj and expr are arbitrary expressions. Assigning to an indexing
asks container obj to bind its item indicated by the value of expr, also known as the index or
key of the item in the container. e.g. ashwin[age] = 26
Python allows multiple targets in an assignment; one can list two or more references separated
by commas, optionally enclosed in parentheses or brackets. For example:
a, b, c = x
12
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Also, Python allows a plain assignment to use multiple targets and equal signs (=). For
example:
a=b=c=0
binds variables a, b, and c to the same value, 0. or p, q = a, b this will assign a to p and b
to q. Therefore, if one wants to swap two numbers in Python, one has to write just one line of
code a, b = b, a as shown in the screen shot below:
Figure 1.4 Swapping two numbers in Python is very easy.

del Statements
Despite its name, a del statement unbinds references—it does not, per se, delete objects.
Object deletion may automatically follow as a consequence, by garbage collection, when no
more references to an object exist. A del statement consists of the keyword del, followed by
one or more target references separated by commas (,).

Expressions and Operators
An expression is a “statement” of code, containing Python objects and operators, which
Python evaluates to produce a value. The simplest expressions are literals and identifiers.
You build other expressions by joining subexpressions with the operators and/or delimiters.
Literals are constant which can be an integer, string or any other Python object of constant
value.
This table lists operators in decreasing order of precedence, higher precedence before lower.
Operators listed together have the same precedence. The third column lists the associativity
of the operator: L (left-to-right), R (right-to-left), or NA (nonassociative).
Python Object
{ ....}
(....)
[...]
(...)
f(...)

Description
Dictionary Creation
Set Creation
List Creation
Tuple Creation
Function Call
13

Associativity
NA
NA
NA
NA
L
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s[index:index]
Obj.attr
a**b or a ^ b
~a
-a
a*b, a/b,a//b,a%b
a+b,a-b
a<<b,a>>b
a&b,a^ b, a | b
A<b,a==b,a>b,a!=b
Lambda

String or List Slicing
Attribute Reference
Exponent
Bitwise Not
Unary Minus
Multiplication, Division, Truncating
Division, Remainder
Addition, Subtraction
Left-shift, Right-shift
Bitwise AND, XOR, OR
Relational Operator
Anonymous function

L
L
R
NA
NA
L
L
L
L
NA
NA

 The order of evaluation of operators in an expression is called precedence of
operators.
 The order in which the operations within the same precedence group are carried out
is called associativity.
 The number of operators that are required for an operator to operate is called arity
of the operator.

Arithmetic Operators
Python arithmetic operations behave in rather obvious ways, with the possible exception of
division and exponentiation.

Division
If the right operand of /, //, or % is 0, Python raises a runtime exception, as division by zero
not allowed. The // operator performs truncating division, which means it returns an integer
result (converted to the same type as the wider operand) and ignores the remainder, if any.
There is divmod function, which I will talk about later. With Python version 2.X , division
operators works as shown in screen shot below:

14
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Figure 1.5 Output shows effect of different division operator

Relational operators
Operator
==
!=
<
>
<=
>=

Name
Equal to
Not equal to
Less than
Greater than
Less than or
equal to
Greater than
or equal to

Result
Return True if both operands are equal
Return True if both operands are not equal
Return True if the left operand is less than the right operand
Return True if the left operand is greater than the right operand
Return True if the left operand is less than or equal to the right
operand
Return True if the left operand is greater than or equal to the
right operand

1. The relational operators are used to create a Boolean expression or conditional
expression.
2. A Boolean value is either True or False.
3. Since float values (fractions) are not stored exact, float data type cannot be used to
compare == or !=.
4. Only same data types can be compared.

Logical Operators
Operator
and
or
not

Name
AND
OR
NOT

Result
Returns a True value if both expressions are True
Returns a True value if either expression is True
Negates the value of a Boolean expression

1. One can use the logical operators to join two or more Boolean expressions.
2. The AND and OR operators evaluate the second expression only if necessary. This is
known as short-circuit operators.
15
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Exercise 3
1. How to use print() and input() function. Explain with example.
2. Explain and discuss relational and logical operators. Discuss an alternate way of
classifying operators based on number of operands.
3. Explain precedence, associativity and arity.
4. Write a simple program to use round() function.
5. Understand by putting minus sign,- , a number becomes negative. For example, 5 becomes
-5. Have you tried what happens if you put + sign beside a number? Try the following
operation.
2+3, +2+3, 2++3 and verify that answer is 5.
6. If you are running at 10 km/hour and you run for 24 minutes and 44 seconds, calculate
how many km you run. How much time did you take to run a km?
7. Calculate the number of seconds in a day by using variable seconds_per_hour and
assignment statement.
8. In normal mathematics, 12 and 012 is the same. Use Python shell and enter the above
number and note down outputs. Explain the difference.
9. In normal mathematics, we count like 7,8,9,10,11,12,..... and so on. Can you count in
hexadecimal numbers 9,A,B,C,D,E,F,.......... Enter the next five numbers.
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