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3.2 UNDERSTANDING FUNCTIONS

In order to understand what a function is, in terms of a programming language, read the
following lines carefully.

You have worked with polynomials in Mathematics. Say we have following polynomija .
252
For x =1, it will give resultas 2x1% =2
For x =2, it will give result as 2x2% =8

For x =3, it will give result as 2x 3% =18
and so on.

Now, if we represent above polynomial as somewhat like

flx) = 2x?

Then we can say (from above calculations) that

fly=2 (1)
f(2)=8 -{2)
f(3)=18 =(3)

The notation f(x) =2x* can be termed as a function, where for function namely f, x
argument i.¢., value given fo it, and 2x? is its functionali
different values of argument x, function Flx) will
(2) and (3) given above).

On the similar lines, programming lan
in a program, that :

is its
ty, i.e., the functioning it performs. For
return different results (refer to equations (1),

guages also support functions. You can create functions

© can have arguments (values given to it), if needed

¢ can perform certain functionality (some set of statements)
< can return a result

For instance, above mentioned mathema tical function f(x) can be written in Python like this :
def calcSomething ( x ) :
r=2%y*%3
returnr
where

& def means a function definition is starting

< identifier following ‘def

is the name of the funct: :
calcSomething ction, ie, here

the function name is

> ﬁ?e variah]es»’i.d enti.t' s iﬂsid'f the parentheses are the arguments or parameters {valuﬂﬁ"
given to function), i.e,, here ris the argument to function calcSa":gthi,gg
< there is a colon at the end of def line, meaning it requires a block ;
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& t.he 5Faterq211ts ind?nted below the function, (i.e., block below def line) define the
tunchu:aht}r (working) of the function. This block is also called body-of-the-function.
Here, there are fwo statements in the body of function calcSomething.

& The return statement retumns the computed result.

The I}*"“‘iﬂd“ntﬂ'd ﬁifﬂﬁmﬂnts that are below the function definition are not part of the
function calcSomething’s definition. For instance, consider the example-function given in
Fig. 3.1 below &

parite aif the frenciion argument jo the function

def calcSomething (x ) : //

r=2 & X sk 2 %
return r

Sratcment 1o ,—-”H

retur coniplited

resaalt o W Complete program

a = int(input( "Enter a number M)

definition of function calcSomething

Body af the function calcSomething

; 2R <—— This jsnot a part of function calcSomething.
print {calcSmethi:m,{a}] = | (Thiese statenents are not indented and hence

. = at top level of indentation. }
Function call ins TRt Figure 3.1 Python Function Anatamy

32.1 Calling/Inworking/Using a Function

To use a function that has been defined earlier,
Python. A function call statemnent takes the following form :

cfunction-name>(<value-to-be-pa ssed-to-
the function calcSomething(

you need to write a function call statement in

argument>)

For example, if we want to call ) defined above, our function call

statement will be like :
calcSomething(5)

Another function call for the same

#values is being sent as argument

function, could be like :

a=7
calcSomething(a) # this time variable a is being sent as argument

mber of values being passed is same as number of parameters.

Carefully notice that nu
ses a function call statement. (print () is

Also notice, in Fig. 3.1, the last line of the program u

using the function call statement.)

Consider one more function definition given below :

def cube(x) :
res=x%**3 # cube of value inx
return res # peturn the computed value
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1bove function’s name is cube( ) and it takes one argumep
1d be similar to the ones shown below :

As vou can make oul that the va
its function call statement(s) wou
in function call

(i) Passing literal as argument
1d pass valueas 4 to argument x

cube(4) # it wou

(if) Passing variable as argument in function call

num = 18

cube{num) # it would pass value as variable num to argument x

(ifi) taking input and passing the input as argument in function call

mynum = int (input ( "Enter a number :*))
# it would pass value as variable mynum to argument x

cube(mynum)
(iv) using function call inside another statement
print(cube(3)) # cube(3)will first get the computed result
#whichwill be then printed

(v) using function call inside expression

double OfCube = 2 * cube(6)
# functioncall's result will be multiplied with 2

3.2.2 Python Function Types
Python comes preloaded with many function-definitions that you can use as per your needs. Yoy
can even create new functions. Broadly, Python functions can belong to one of the following

three categories :

1. Built-in functions These are pre-defined functions and are always available for use. You have
used some of them — len( ), type( ), int( ), input( ) etc.

2. Functions These functions are pre-defined in particular modules and tan only k
defined in used when the corresponding module is imported. For example, if you wat
modules to use pre-defined functions inside a module, say sin( ), you need to firs

import the module math (that contains definition of sin() ) in your progr®

3. User defined These are defined by the programmer. As programmers you can creat
functions your own functions.

In thi!: chapter, you will learn to write your own Python functions and u¥
them in your programs.
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13 DEFINING FUNCTIONS IN PYTHON

As you know that we write programs to do cerlain things. Functions can be thought of as
kev-doers within a program. A function once defined can be invoked as many limes as needed
by using its name, without having to rewrite its code.

In the following lines, we are about to give the general form i.e., syntax of writing function code
in Pvthon. Before we do that, just remember these things.
In a svntax language :

® item(s) inside angle brackets <> has to be provided by the programmer.

m item(s) inside square brackets [ ] is optional, i.e., can be omitted.

® items/words/punctuators outside <> and [ ] have to be written as specified.

A function in Python is defined as per following general format :

def <function name> ( [parameters] ) :
[ " " “<function's docstring>" " " ]
<statement>
[¢statement>]

For example, consider some function definitions given below:

def sum (x, y) :
s=X+Yy
return s
Or

def greet( ):
print(“Good Morning! )

Though you know about various elements in a function-definition, still let us talk about it again.
Let us dissect these functions’ definitions to know about various components.

Parumcters insidef ) Parameters insddel ):

: Function nume no argumeni here
Keyword def _F_m:iﬂ .rfmn'h‘ ..mrrj.. 2 Kevuond ;l'.d'\‘ l
\\“’f"def sum (%, y) : def greet( ) :

\ Furction Header "FH

s=x+y _ {endswithacolon:) / print("Good Morning!")
return s ‘\

Function Body tindemal)

B ) {Sew all starernenis i function hody
are at same level af indentation. )

Function may of may mol kave @ retumm stalemenl

Let us define these terms formally :

Funclion Healdnr The first line of function definition that begins with keyword def and ends with a colon
( ), specifies the name of fhe function and its parameters
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Parameters Variables that are listed within the parentheses of a function header

Function Body The block of statements / indented-statements beneath function header that defines the
action performed by the function.

The function body may or may not return any value, A function returns a value through
a return statement, e.g., above given sum( ) is returning a value stored in variables, but
function greet( ) is nol returning a value.

A function not returning any value can still have a refurn statement without any
expression or value. Examples below will make it clearer, ’

Indentation The biank space in the beginning of a statement (convention is four spaces) within 3
block. All statements within same block have same indentation.

Let us now have a look at some more function definitions.

# Sample Code 1

def sum0f3Multiplesi(n) :
s=n*l+n*2+4n*3
return s

Both these functions are doing the s thing BUT

first ore is refurning the computed value using
refurn sttenient anil

second funciion is printing the compused value
# Sample Code 2 / wsimg prine( ) statement
def sumOf3Multiples2(n ) :

s=En*l+n*2+n*3
print(s)

Consider some more function definitions:

# Sample Code 3 # Sample Code 4

def areaOfSquare (a ) : def areaOfRectangle (a, b) :
returna*a returna*b

# Sample Code 5 # Sample Code 6

def perimeterCircle(r) : def perimeterRectanglef{ 1, b) :
return (2 * 3.1459 * ) return2* (1+b)

# Sample Code 7

def Quote( ) :
print("\t Quote of the Day")
print("Act Without Expectation!!")
print({"\t -Lao Tzu"}

For all these function definitions, try identifying their parts. (Not as an exercise, just do it
casually, while reading them.) ’

A function definition defines a user-defined object function. The function definition does not
execute the function body; this gets executed only when the function is called or invoked. In the

following Iinc‘s, we are discussing how to invoke functions, but before that it would be useful to
know the basic structure of a Python program,
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3.3.1 Structure of a Python Program
In a Python program, generally all function definitions are given at 'the top qunTi by
statements which are not part of any functions. These statements are not mclefnted at all. These
are often called from the top-level statements (the ones with no indentation). 'F'he ljython

. i P e B T
interpreter starts the execution of a program/script from the RS
top-level statements. The top level statements are part of the Sty ; IR
s 1 i
main program. Internally Python gives a special name to | By default, Python names the

|segment “with top-level '

top-level statement:.a as __main__. ctatements (main program) as
The structure of a Python program is generally like the one |metee - S
shown below : ey, s - O

def functionl( ) :
def function2( ) :

def function3( ) : . .
. v Python names the segment with top-level

statemenits (no idenfation) as __main,_,
Python begins execution of a program from
the top-level statertents i.e., from
__mdin__.

statementl i
statement2 i l"’/

# top-level statements here &,
U]

Python stores this name in a built-in variable called __name__ (i.e., you need not declare this
variable ; you can directly use it). You can see it yourself. In the __main__ segment of your
program if you give a statement like :

print( __name__)

Python will show you this name. For example, run the following code and see it yourself.

. The top-level statements, e, the  main
reet : A ¥ === —
defg i ( 1)' i . segment of this Python program. Python will stary
print("Hi there!") execution of this program from the segment.

print("Inside", __name__)

print("At the top-most level right now") ] ﬂb//

Upon executing above program, Python will display :

At the top-most level right now
Inside _ main__

Ny Notive word * _main_ " in the output by Python
imterpreter, This is the result of siatement :

print{..., __name__}
10
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3.4 FLOW OF EXECUTION IN A FUNCTION CALL

Let us now talk about how the control flows (i.c., the flow of execution of statements) in case of 4
function call. You already know that a function is called (or invoked, or executed) by providin
the function name, followed by the values being sent enclosed in parentheses. For instance, o
invoke a function whose header looks like :

def sum (x, y) :
the function call statement may look like as shown below :
sum (a, b)

where a, b are the values being passed to the function sum( ).

me ofF E

Let us now see what happens when Python interpreter AECLIAONESS -

encounters a function call statement. The Flow of Execution refers 1,
the order in which statemenys

The Flow of Execution refers to the order in which statements are executed during a program

are executed during a program run.

rumn.
Recall that a block is a piece of Python program text that is
executed as a unit (denoted by line indentation). A function - -
body is also a block. In Python, a block is executed in an N 0.7 & .
execution frame, e Flmlt nf Execution|
An execution frame contains : the order In which sta

are executed during a ¢

< some internal information (used for debugging) Ron.

< name of the function

< values passed to function

© variables created within function

© information about the next instruction to be executed,

Whenever a function call statement is encountered, an execution frame for the called function is
created and the control (program control) is transferred to it. Within the function’s execution
frame, the statements in the function-body are executed, and with the return statement or the last

statement of function body, the control returns to the statement wherefrom the function was
called, ie, as :

def func( ) :

return
Function call will send
the control-flow to the 7
function definition. # main Last _slaternanl of the function
— ks definition will send the controf
k back to wherefrom the

func( ) function was called.
print( .}

Let us now see how all this is done with the hel
program 3.1 code.

P of an example. Consider the following

Viva Technologies
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3:1

Program to add twe numbers through a function

# program add. py to add two numbers through a function
def caleSum (x, y) :

rogram

S=EX+Yy # statement 1

return s # statement 2
numl = float(input( "Enter first number :" ) ) #1 (statement 1)
num2 = float(input( “Enter second number :" ) ) # 2 (statement 2)
sum = calcSum{numl, num2) # 3 (statement 3)
print("Sum of two given numbers 1s", sum) #4 (statement 4)

Program execution begins with first statement of __main__ ".},J'_':

segment. (def statements are also read but ignored until

called. It will become clear to you in a few moments. Just read ‘Program execution begins with-
on.) first statement of __main__
| segment.

(Please note that in the following lines, we have put up some
execution frames for understanding purposes only; these are
not based on any standard diagram.)

Number mdicating nexd
statement o be ekecuted

_ __main__ (add.py) “ 2 Python Console

numl = float(input("Enter first number :")) = = 1 Enter first number : 3

num? = float{input(“Enter second number :")) st
1t tells the currently e -7 I

sum = caleSum (numl, num)
. print("Sum of two given numbers is", sum)

executing staterent

_________ Starement 1 executed -
............ on console

| Data :
I'IIJ.!'I'I]. = 3.n “"‘ ---------- e T L paspammsnredaraanamnnt
This is datapart of __main__
[ _main__ (add.py) 3 Python Console

: numl = float(input( "Enter first number :" )) Enter first number : 3

num2 = float(input( "Enter second number :" )} {D Enter second number : 7

| sum = calcSum (numl, num2) -.__'_.-" l

print("Sum of two given numbers is", sum) e T

1 --.'I

| Data : e Stutermenr 2 execuied -
_,,....--""' an consule

. numl = 3.0

e
SLLEL awanaEEE FrLLL
=

ﬂUIT!2 = ?.D *-un-""--u--"------n-n im
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: :
Statement 3 s o function call statement, hence ﬁ
y  caleSum( }'s evecution fratne i5 created.

The values from __main__ are passed g, &
Functivon caleSum{ ) receives the vafye, h
variahles x and .

New hie starerments of ealeSum| ) b
will be execuivd. l ¥

_ main__ (add.py) 4

numl = float(input("Enter first number :") )
num2 = float({input("Enter second number :*) ) S

sum = caleSum (numl, AUM2) = = = = = = = = = = 3 calcsum (x, y) jlﬁj

print("Sum of twa given numbers is", sum) S=X4Yy i
Data : return s
numl = 3.0 -,
| _num2 = 7.0 ., e,
B =
-..._’E_‘_‘f‘_fm:m % fiictioy Data :
: " .-‘“"H |--.|u-..-'I_:-_-_;i--n-u..-.-."."u.-.-.--n----p--npnx = 3.'0
- a8 v pxecufion LT PP
Function caleSum( )8 exeCloN _ Zsssemiilig . eeeesrsssmsesssssssss s
| AR T Yy =70 ]
: calcSum (x, y) ! 2 ! Internal Memory This is duta part of
’ Junction calcSum )
5=3’:"‘Y _________ @ 3.E+?.B=1B.B
return s .. ' Statement I of funcrion
.lllﬂi‘i!ll!lll"ll‘l l-ll'l‘r' M? mfﬂﬂ_‘d— I-H
Dists 4 ' e memary
| x = 3.0 \ A . Waile last sratement of fimetion body, contral returns to the point wherefrom the
l. ! y=7,0 5= 10.0 Junction was colled. Since the lust statement of function body is a return Sattemeny

returtiyeg valie of s, velue of 5 is given back fo _main_, which stares it 1o
wariahle sunr. This completes the execuiion of statement 3 of _tmdin__ .

|

| - s
H = L]
| calcsum (x, y) __main__ (add.py) |
| L

| SER4+Y numl = float(input("Enter first number :")) ;
| PR e R e e SR num2 = float({input("Enter second number :*)) 1
: Dala: sum = calcsum {numl, num2)
. *x=3.0 | ' |
i |l _y=7.0 $ = 10.0 -, print{"sum of two given numbers is", sum) i
=1 S Data : . %
| Retrun value of caleSumi ) gets ..""'-. | numl = 3.0 ; .
| stored in sum variable of ___'m.“'"'__ i."-‘:""--.... num2 = ?..P‘ s SUM -_—H_ﬂ_ﬂ i

—main_ (add.py) I Python Console

I'II.II'ITI1

float(input("Enter first number :*))
float(input( "Enter second number ")
sum = calcSum{numl, num2)

numz2 "’

print("Sum of two given numbers is", sum) = = = = — — ..E> 5umuf'm°givmnmbﬂgis 100
{ Data : . T
3

Juml = 3.0

Staterent 4 eveculed -
ol console

numz = 7.0 < sum = 10.0
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So we can say that for above program the statements were executed as :

main.l = main.2 - main.3 - calcSum.l — calcSum.2 - main.3 - main.4

(As you can see thal we have shown a statement as its <scgment-name>.<statement-mimber>)

Now that you know how functions are executed internally, let us discuss about actual flow of
execution,

In a program, Python starts reading from line 1 downwards. Statements are executed one at a

time, in order from top to bottom. While execu ting a program, Python follows these guidelines :
< Execution always begins at the first statement of the program.

< Comment lines (lines beginning with a #) are ignored, i.e., not executed. All other
non-blank lines are executed.

< If Python notices thal it is a function definition, (def statements) then Python just

exiacutes the function header line to determine that it is proper function header and
skips/ignores all lines in the function body.

< The statements inside a function-body are not executed until the function is called.

© In Python, a function can define another function ifiside it. But since the inner function

definition is inside a function-body, the inner definition isn’t-executed until the outer
function is called.

¢ When a-code-line cantains a function-call, Python first jumps to the function header line
and then to the first line of the function body and starts executing it.

& A function ends with a return statement or the last siatement of function bnd}r,.iﬁhic'ili%véf
occurs earlier.

& If the called function returns a value ie, has a statement like retum
<variable/valuefexpression> (¢.g., Teturn a or return 22/7 or return a + b etc.) then the
control will jump back to the function call statement and completes it (e.g., if the returned
value is to be assigned to variable - to be printed or to be compared or used in any type
of expression etc. ; whole function call is replaced with the return value to complete the
statement).

& If the called function does not return any value i.e., the return statement has no variable or
value or expression, then the control jumps back to the line fnllowing the function call
statement,

If we give line number to each line in the program then flow of execution can be represented
just through the line numbers, ¢.g.,

1. #program add.py to add two numbers through a function

2. defcalcsum (x, y) : ;

3 s=x+Yy ft statement 1

4, returns = ' #statement 2

5. . -
6. numl = float(input("Enter first number :")) #1 (statement 1)
7. num2 = float(input("Enter second number :" )) # 2 (statement 2)
B. sum=calcSum (numl, num2) #3 (statement 3)
9. print("Sum of two given numbers is", sum) #4 (statement 4)

14
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times known as tracing the program, Ag

[ i i5 I
» of execution on paper js also som
ol - also be represented as follows .

Determining .
flow of execution for above program can

above discussion the

Junerion called ard exerited
Line 1is ignored because it is a comment ; line 2 is executed anlr:i determined that itisa ﬁm’:ﬁﬂn
header, so entire function-body (i, lines 3 and 4) is ignored; Jnlu*s 6,7 and 8 execute,;ll; h”f. g
a function call, so control jumps to the function hea-.?er (line .2}. and thELn to first line of
function-body, i.c., line 3, function returns after line 4 to line containing function call statemeny
L.e., lines and then to line 9.
Please note that the function calling another function is called the calli?r and the function bejp
called is the called function (or callee). In above code, the __main__ is the caller of fﬁFcSum.[],
tunction.

3.4.1 Arguments and Parameters
As you know that you can pass values to functions, For this, you define variables to receivs
values in function definition and you send values via a function call statement. For examply
consider the following program :
def multiply (a, b} :
print (a* b)

y=13
multiply ( 12, v ) # function call -1-
multiply (y, y ) # function call -2-
Xx=5
multiply (v, x ) # function call -3-

You can see that above program has a function namely multiply( ) that receives two values

This function is being called thrice by passing different values. The Hiree function calls for
multiply( ) are :

multiply ( 12,y ) # function call -1-
multiply (v, v ) # function call -2-
multiply (y, x ) # function call -3-

With function-call 1, the variables a and b in function header will receive values 12 and y respectively.
With function-call 2,

With function-call 3,

the variables a and b in function header will receive values y and y respectively.
the variables @ and b in function header will receive values y and x rESPEﬂﬁ‘-"El!I"

As you can see that there are values being passed (through function call) and values being

received (in function definition). Let us define these fuo types of values more formally.

< arguments : Python refers to the values being passed as arguments and

© parameters : values being received as parameters,
So you can say th

at arguments appear in function call statement and paranieters appearin ﬁmcﬁml
header.
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Arguments in Python can be one of these value

© literals < variables
But the paramele

types :
< expressions

rs 1 ; . . :
s in Python have to be some names 1.e., variables to hold incoming values.

The alternative names for argument are actual parameter and actual argument. Alternative
names for parameter are formal paramet

inati er and formal argument. So either you use the word

combination of argument and parameter or you can use the combination actual parameter and

formal parameter ; or the combination actual arguments and formal arguments.

Thus for a function as defined below : B
defmultiply (a, b) : i“,:‘*‘"-“"“"""

rint (a* :
¥ { %) The values being passed through a
function-call statement are called
-arguments (or actual parameters

1ti : ‘or actual arguments). The values
multiply(3,4) # both literal arguments HFERGHRE n the fnction definiion

p=9 § hé&?jﬁ' are called parameters (or
multiply( p, 5) # one literal and :!F parameters or formal
# one variable argument L guments) :

'-uy'g.':'r"f,._'
multiply( p,p+1)  #onevariable and s
# one expression argument

But a function header like the one shown below is invalid :

The following are some valid function call statements :

def multiply (a+1,b):

Error!! A function header cannot have
expressions. It can have just names or

identifiers to hold the incoming values.

Please remember one thing — if you are passing values of immutable types (e.g., numbers, strings
etc.) to the called function then the called function cannot alter the values of passed arguments
but if you are passing the values of nutable types (e.g., list or dictionaries) then called function

would be able to make changes in them™.
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3.5 PASSING PARAMETERS

Uptill now you learnt that a function call must prnvide all the values as ‘reufluire—::l by fum:ﬁnn
definition. For instance, if a function header has three parameters named in its _header then the
function call should also pass three values, Other than this, Python also provides some othg,

ways of sending and matching arguments and parameters.
Python supports three types of formal arguments/parameters :
1. Positional arguments (Required arguments)
2. Default arguments
3. Keyword (or named) arguments

Let us talk about these, one by one.

3.5.1 Positional/Required Arguments

Till now you have seen that when you create a function call statement for a given function
definition, you need to match the number of arguments with nu mber of parameters required,
For example, if a function definition header is like :

def check (a, b, c) :

then possible function calls for this can be :

check({ x, y, z) # 3 values (all variables) passed
check (2, x, ¥) # 3 values (literal + variables) passed
check (2,5, 7) #t 3 values (all literals) passed

See, in all the above function calls, the number of passed values (arguments) has matched with
the number of received values (parameters). Also, the values are given (or matched) position-
wise or order-wise, e, the first parameter receives the value of first argument, second
parameter, the value of second argument and so on ¢.g.,

In function call 1 above : In function call 2 above : In function call 3 above:
© a will get value of x & a gets value of 2 ; ¢ a gets value 2;
< b will get value of y & b gets value of x ; < b gets value 5 ;
& ¢ will get value of z © ¢ gets value of y & ¢ gets value 7

Thus, through such function calls,
© the arguments must be provided for all parameters (Required)

© the values of arguments are matched with parameters, R e T
position (order) wise (Positional) b ' '

Thi When = the

2 way of parameter and argument specification is called ‘statement must ma
Positional arguments or Required arguments or Mandatory - number and order of 3
arguments as no value can be skipped from the function call (as defined In the

"definition, this s -

Or you cannot change the order e.g., you cannot assign value  positional argument

of first argument to third parameter,
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3.5.2 Default Arguments

What if we already know the value for a certain parameler, e.g., in an interest calculating

function, we know that mostly the rate of interest is 10%, then there should be a provision to
define this value as the default value.

Python allows us to assign default value(s) to a function’s parameter(s) which is useful in case a
matching argument is nol passed in the function call statement. The default values are

specified in the function header of function definition. Following is an example of function
header with default values :

def interest (principal, time, rate =E.1ﬁ

This is default value for parameter rate. If in a function call, the value for rate is
nat provided, Python will fill the missing value (for rate only) with this value,

The default value is specified in a manner syntactically similar Ei'r‘-‘,ﬁ Wbt
lo a variable initialization. The above function declaration

i -de! ts ot
provides a default value of 0.10 to the parameler rafe. GRS efact METIErE CAnn

i{u'll,m default argument.
Now, if any function call appears as follows : P oo e S L

si_int = interest (5498, 2) # third argument missing

then the value 5400 is passed to the parameter principal, the value 2 is passed to the second
parameter fime and since the third argument rate is missing, its default value 0.10 is used for
rate. Bul if a function call provides all three arguments as shown below :

si_int = interest (61@9, 3, €.15) # no argument missing

then the parameter principal gets value 6100, time gets 3 and DEFAULTEPARAMETER]

the parameter rate gets value 0.15. A parameter having default
; : ; value in the function header is
That means the default values (values assigned in function fribwiias 4 default sarameter,

header) are considered only if no value is provided for that
parameter in the function call statement.

One very important thing you must know about default parameters is :

In a function header, any parameter cannot have a default value unless all parameters appearing on
its right have their default values.

For instance, in the above mentioned declaration of function
interest( ), the parameter principal cannot have its default
value unless the parameters on its right, time and rate also

i

| A parameter having a' default

have their default values. Similarly, the parameter time 'value In function header,

cannot have its default value unless the parameter on its Ehe:umu_ optional in function

right, i.e., rate has its default value, There is no such condition ,Cﬂ-hFUﬂﬂH:n call may or may
\ n

for rate as no parameter appears on its right. ke ;i“i‘?—fjm I-E:_';::;'_‘- o

Thus, required parameters should be before default parameters.
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ith default values :

| ers w
Following are examples of function head

# legal

#illegal (defaul+ Parane

# before required Parane; o
Ef‘]

rate =08. IE} .

def interest (prin, time,
rate) :

def interest (prin, time = 2,

. #illegal
: ime = 2, rate) :
def interest (prin = 2008, time =2, # (same reason as above)
2 # legal
g » - a= E- 19} ¥
def interest (prin, time ?’ ra1; rate=0.1@) : # legal
def interest (prin =200, Tine =%
Defanlt arguments are useful in situations where su.me —— -
paramelers always have the same value. Also they provide a2 '
greater flexibility to the programmers. Bhe datiul’  valiis
Some advantages of default paramefers are listed below : ' parameters are considereg b
© They can be used to add new parameters to the existing if no value ‘Is provided for thy
fu_nc[iuns. —pﬂﬁmE!‘Ef |ﬂ"lh‘2"fl‘.ll'll;ﬂ:|n GII_

) = statement.
* ¢ They can be used to combine similar functions into one. p

3.5.3 Keyword (Named) Arguments
The default arguments give you flexibility to specify the dfi'f ault value for a parameter so thatj
can be skipped in the function call, i needed. However, still you cannot change the order of th
arguments in the function call ; you have to remember the correct order of the arguments.

To have complete control and flexibility over the values sent as arguments for the
corresponding parameters, Python offers another type of arguments : keyword arguments,

Python offers a way of writing function calls where you can write any argument in any order
provided you name the arguments when calling the function, as shown below :

interest (prin= 2000, time = 2, rate = 8.18)
interest (time =4, prin = 2688, rate = 9.989)
interest (time =2, rate = 8.12, prin = 2088)

All the above function calls are valid now, even if the order of arguments does not match the
order of parameters as defined in the function header.

In the 1st function call above,
prin gets value 2000, time gets value as 2 and rate as 0.10.

In the 2nd function call above,
prin gets value 2600, time gets value as 4 and rate as (.09

In the 3rd function call above,

prin gets value 2000, time gets value as 2 and rate as 0,12

Keyword arguments 3% e
named arguments with afiﬂ:e
values being passed I

function call statement.

This way cf specifying names for the values being passed
function call is known as keyword arguments '

in the
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354 Using Multiple Argument Types Together

Python allows you to combine muylg;

following function call statement that is Ple argument types in a function call. Consider the

using both positional (required) and keyword arguments :
interest (5600, time = 5)

The first argument value (5000) in ab
will be assigned to first parameter on
representing keyword argument or
argument (rate) for which a default

Ove stalement is representing a positional argument as it
the basis of its position. The second argument (time =5) is
named argument, The above function call also skips an
value is defined in the function header.

Rules for combining all three types of arguments
Python stales that in a function call statement -

< an argument list must first contain

et positional (required) arguments followed by any keyword

& Keyword arguments should be taken from the required T M~ T
arguments Pl'EfEl‘ab]y, .*«-'t\f'::—‘ |

¢ You cannot specify a value for an argument more than I EM ng a positional arguments
once, \after keyword arguments will
dsPgigeerror. -

For instance, consider the following function header :

def interest( prin, cc, time = 2, rate = 8.89) :
return prin * time * rate

Itis clear from above function definition that values for parameters prin and ec can be provided

either as positional arguments or as keyword arguments but these values cannot be skipped
from the function call.

Now for above funchion, consider following call statements :

L
Function call statement IITE;H Reason
interest(prin = 3988, cc = 5) legal non-default values provided as named arguments

interest(rate = .12, prin = 508@, cc = 4) | legal . | keyword arguments can be used in any order and
AL for the argument skipped, there is a default value

interest(cc = 4, rate = .12, prin = 5000) | legal with keyword arguments, we can give values in

any order

interest (5008, 3, rate = 0.95) legal positional arguments before keyword argument;
; for skipped argument there is a default value

interest(rate = .05, 5008, 3 ) -illegal | keyword argument before positional arguments

interest(5eee, prin = 36@, cc =2) illegal | Multiple values provided for prin ; once as posi-
| tional argument and again as keyword argument

interest(5e@@, principal = 388, cc =2 ) |illegal | undefined name used (principal is not a parameter)

=

interest(50@, time = 2, rate = 8.85 ) I]legél A required argument (cc) is missing.
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Now consider the following program that creates and uses the function interest(), we have bee

discussing so far.

j 3.2 Program to calculate simple interest using a function interest( ) that can receive p rincipal amount, iip,
; and rate and returns calculated simple interest. Do specify default values for rate and time as 10% 4y,
rogra

m 2 years respectively.

def interest(principal, time =2, rate =8.16) :
return principal * rate * time

#__main__

prin = float(input("Enter principal amount :"))

print(“Simple interest with default ROI and time values is ;")

sil = interest(prin)

print("Rs.”, si1)

roi = float(input("Enter rate of interest (ROI) :"))

time = int(input(“Enter time in years :"))

print(“simple interest with your provided ROI and time values is : ")
$i2 = interest(prin, time, roi/180)

print(“"Rs.", si2)

Sample run of above program is as shown below :

Enter principal amount : 6700

simple interest with default ROI and time values is :
Rs. 1340.0

Enter rate of interest (ROI) : 8
Enter time in years : 3

Simple interest with your provided ROI and time values is :
Rs. 1608.0 "

3.6 RETURNING VALUES FROM FUNCTIONS

Functions in Python may or may not return a valye

Y 3
broadly fwo types of functions in Python ; ou already know about it. There can be

¢ Functions returning some value (non-void functions)
© Functions not returning any value (void functions)

1. Functions returning some value (Non-void functions)

The functions that return some computed result

: in terms in thi
computed value is returned using return statem of a value, fall in Shis CMEEORY e

ent as per syntax .

return <value >
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The value being returned can be one of the following :

¢ a literal © a variable ¢ an expression
For example, following are some legal return statements :

return 5
return 6+4

# literal being returned

# expression involving literals being returned
return a # variable being returned

return a**3 # expression involving a variable and 1iteral, being returned
return (a+8**2) / b # expression involving variables and 1iterals, being returned

returna+b /c # expression involving variables being returned

When you call a function that is returning a value, the returned value is made available to the
caller function/program by internally substituting the function call statement. Confused ? Well,
don’t be. Just read on, please © .

Suppose if we have a function :
def sum (x, y) :
S=X+y
returns
And we are invoking this function as :
result = sum(s, 3) «——— The returned velud from sl ) will roploce this fiinetion call
After the function call to sum( ) function is successfully completed, (i.c., the return statement of

function has given the computed sum of 5 and 3) the returned value (8 in our case) will
internally substitute the function call statement. That is, now the above statement will become

(internally) :
result =8
This is the retirred valie after successful completion of
sunif5, 3), Thus result will menw store valee &
NPT e rtmsansemes s mmos i TSR T S A G e Fhma A po e et e s

: @ The returned value of a function should be used in the caller function/program

inside an expression or a statement e.g., for the abave mentioned sum( ) function, k
following statements are using the returned value in right manner :

add_result =sum (a, b) «——— Tiw reiumed valued being wsed In assigament setenient

print(sum(3, 4)) < The returmredd wrlied being used (v print stuteareny

sum (4, 5)>6 + The retarmed vilied being wsed in o relational evpression

If you do not use their value in any of these ways and just

i - function call, Python will not report an ' s
give a stand a!um: u b y i dl’ Eindiing Fakirning & valie ark s
error but their return value is completely wasted, alsa known as frultful functions. 5

....................................................................................
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@ The return stalement ends a function execution even if it ¢y 001 if vou do not use a
is in the middle of the function. A function ends the  function call of a function-
moment it reaches a return statement or all stalements in  returning some value inside any
function-body have been executed, whichever occurs oih-er. expression or statement, .
earlier, e.g., following function will never reach print( )}  function will be executed but jts

statement as retirn is reached before that. ;:2:?“ Ellr:u:v::p:t :nirﬂ::n;
3 def check (a) : fglt

a =math.fabs(a)

returna

print(a) «———— This satement is unreachable because check() fuﬂ'{'-‘m
will end with return and contral will never reach this

check(-15) e

2, Functions nof returning any value (Void functions)

The functions that perform some action or do some work but do riof return any computed
value or final value 1o the caller are called void functions. A wvoid function may or may not

have a return statement. If a void function has a return statement, then it takes the following
form :

. Fora void fungtfon, retum statement does not have any
value/cxpression being returmed,

that is, keyword return without any value or expression. Following are some examples of void

functions :
R - ..m.'aarhf.'-r mi-fjnnn'iuu with na refurm siatement
Ao refum statemen! — def gpeet( ): | def greeti(name) : r'—‘-/
print("helloz") ' print("hello", name)
raid'fnndinn with a - TR el Tt 5
return statement " defquote(') : def prinSum (a, b, ¢) :
o, S 1
~» print("Goodness counts| ") . print("Sumis", a + b+ c¢) Y
?u‘ mt_"'_"_‘_ - return

et iy | Another void function

with a retuen statement
The void functions are generally not used inside a statement or expression in the caller : their
function call statement is standalone complete statement in itself, e.g., for the all four above
defined void functions, the function-call statements can take the form :

greet( )
greeti( ) — As youi can see that alf these function calf
quote( ) statements are standalone, i.e., these are

net part of uny other expression or Slalement

prinsum(4, 6)

The void functions do not return a value but they return 2 |
None. Every void function returns value None to its callor. So
return value somewhere as per your needs,

egal empty value of Python i.e.,

: if need arises you can assign this
¢:g consider following program code :
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def greet( ):
print("helloz")

B Sttt e e -r--'-r-ﬂl-- W, LT

A ) T T
AMICET B ot

a =greet( ) .
RrIECH) ‘A vold function (sometimes
(called non-frultful  functions)
The:sbave program will give output as : ‘returns legal empty value of.
_Python f.e., None to its caller, .
helloz ¥ T, :
Mane '

Yes, you guessed it right — helloz is printed because of greet( )'s execution and None is printed
as value stored in a because greel( ) returned value None, which is assigned to variable a.

Consider the t'ﬂ]lnwing example :

# Code 1 # Code 2
def replicate() : def replicatel() :
print("$$$$%") return "$$$53"

print(replicate()) print{replicatel())

Here the outputs produced by above two codes will be :

Qutputs : Code 1 Code 2
£553% 15545
None

1 know that you know the reason, why ?

S0, now you know that in Python you can have following four possible combinations of
functions :

(i) non-void functions without any arguments
(fi) non-void functions with some arguments
(iii) void functions without any arguments

(iv) void functions with some arguments

Please note that a function in a program can call any other function in the same program,

3.6.1 Returning Multiple Values

Unlike other programming languages, Python lets you return more than one value from a
function. Isn’t that useful ? You must be wondering, how ? Let's find out.

To return multiple values from a function, you have to ensure following things :

() The return statement inside a function body should be of the form given below :
return <valuel/variablel/expressionls, <value2/variable2/expression2s, ..

(i) The function call statement should receive or use the returned values in one of the
following ways :
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torm a tuple variable, i.c., as shown b,

(a) Either receive the returned values In low ,

] The return statemant ratuming comma

def squared(x, ¥, z): _~ separated multiple values (expressions
Variable ¢ that receives the returnx * X, ¥y ¥y, 2 BT o
returmted valties is a ple
{recall that comma upamred\'

—
i i Now you ean use the tuple ¢
re taken as a (uple) += squapadﬂﬁ ,4) usual operaifons e
print(t) Tuple t will be printed as:
{4, 9, 16)

(b) Or you can directly unpack the received values of tuplf-* by SP'?-‘fif}’ ing the sam
number of variables on the lefi-hand side of the assignment in function call, ¢g,

def squared(x, y, z):

returnx*x, y*y, 2%z MNew the received values are in the
— fartes of three different variables,
not a5 a tupls

V1, v2, v3 = squared(2,3,4)

print{"The returned values are as under:")

print(vi, v2, v3) Quipul produced as::

The returned values are as under:
4016

Now consider the following example program.

3. : 2
5 Program that receives two numbers in'a function and returns the results of all arithmetic operations

(+, -, *, 1, %) on these numbers.
rogram

def arCale(x, y) :

PELUrD X4y, X=¥, X*y, x/y, %y
# __main__
numl = int(input("“Enter number 1 : &
num2 = int(input("Enter number 2 : ")
add, sub, mult, div, mod = arCalc(numl, num2)
print("Sum of given numbers "y add)
print("Subtraction of given rumbers :", sub)
print("Product of given numbers Y, mult)
print(“"Division of given numbers 2", div)

print("Modulo of given numbers :*, mod)

Sample run of above program is as shown below -

Enter number 1 : 13

. Enter number 2 : 7

: sum of given numbers : 20

' Subtraction of given numbers : &

pProduct of given numbers : 91

pivision of given numbers : 1.8571428571428572
Modulo of given numbers : &

25
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3.7 COMPOSITION

Composition in general refers to using an expression as part of a larger expression; or a statement
as a part of larger statement. In functions’ context, we can understand composition as follows :

The arguments of a function call can be any kind of expression :

¢ an arithmetic expression ¢.g.,
greater( (4+5), (3+4))

¢ alogical expression ¢.g.,
test{ aorb)

& a function call (function composition) e.g.,

HARCSER(S2)) Function call as part of larger
int (_Fluat{ "5, 5-;] L] 2} @ function call Lo, composition
int{str(52) + str(10)) I ‘Fl.ﬁ- '“'I-'* g

it i 1l Composltion in general refers to

The abmr.e examples show you :nmpuahun :}:Flfun-:tmn calls 1@ e

- a function call as part of larger function call. FaMBRR, <. i or 4 statement

i as a part of larger statement,
3.8 SCOPE OF VARIABLES Y R

The scope rules of a language are the rules that decide, in which part(s) of the program, a
particular piece of code or data item would be known and can be accessed therein. To
understand Scope, let us consider a real-life situation.

Suppose you are touring a historical place with many monuments. To visit @ monument, you have to buy a
ticket. Say, you buy a ticket (let us call it ticketI) to go see a monumentA. As long as, you are inside
monumentA, your ticket] is valid. But the moment you come out of monumentA, the validity of ticketl is
aver. You cannot use ticket] 1o visit any other monument. To visit monumentB, you have to buy another
ticket, say ticket2. So, we can say that scope of ticket] is monumentA and scope of ticket2 is monumentB.

Say, lo promote tourism, the government has also launched a city-based ticket (say ticket3). A person having
city-based ticket can visit all the monuments in that city, So we can say that the scope of ticket3 is the whole
city and all the monuments within city including monumentA and monumentB.

Now let us understand scope in terms of Python. In DR O R RS
programming terms, we can say that, scope refers to pari(s) part(s) of p"'_.lgram'w“mn iR
of program within which a name is legal and accessible. If it a name is legal and accessible, Is
seems confusing, I suggest you read on the following lines called scope of the name.
and examples and then re-read this section.

There are broadly two kinds of scopes in Python, as being discussed below.

1. Global Scope

A name declared in top level segment ( _main__ ) of a program is said to have a global scope
and is usable inside the whole program and all blocks (functions, other blocks) contained within
the program.

(Compare with real-life example given above, we can say that ticket3 has global scope within a cityas it is
usable in all blocks within the city.)
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| et T

2. Local Scope g

A name declared in a function-body is said to have local A global variable i

. i T . . | A va
scope i.e,, it can be used only within this function and the other (defined in the ‘majy nroi::::
blocks contained under it. The names of formal arguments also [—'““IT:— section). Such varjgly,
have local scope. are sald to have global scope,

: . . 1A local variable is a variap
(Compare with real-life example given above, we can say that Within a function. Such var

ticket and ticket2 have local scopes within monumentA and sald to have local scope,
mommentB respectively.)

e defingy
lables are

A local scope can be multi-level; there can be an enclosing local scope having a nested logy)
scope of an inside block. All this would become clear to you in coming lines,

Scope Example |

Consider the following Python program (program 3.1 of section 3.4):

1. defcalcSum(x,y) :

2. Z=x+y # statement -1-

3. return z # statement -2-

4. numl=int( input( "Enter first number :") ) # statement -1-
5. num2 = int( input( “Enter second number :* ) ) # statement -2-
6. sum= calcSum { numl, num2 ) # statement -3-
7. print(’Sumof given numbers is', sum) # statement -4-

A careful look on the program tells that there are three variables num1, sm2 and sum de fined in
the main program and three variables x, y and z defined in the function calcSum( ). So, as per

definition given above, #um1, mum2 and sum are global variables here and x, y and z are local
variables (local to function caleSum( ) ).

Let us now see how there would be different scopes for variables in this program by checking

the status after every statement executed. We'll check the status as per the flow of execution of
above program (refer to section 2.4)

1. Linel : def encountered and lines 2-3 are ignored.

2. Line4 (Main.1) : Execution begins and globai
Global Environment environment is created. muml is added to this
numl [3— 3 environment,

Global Environment
numl [F—= 3
num2 =7

3. Line5 (Main.2) : mum2 is alsa added to the global
environment, .

., o
., .t
Sagn®
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4, Line6 (Main.3): calcSum() is invoked, so a

Global Environment
local environment for caleSum( ) is created;

numl &3

num2 [5—7 ' Local Environment 4 4 inlocal
for calcSun( ) ﬁrrrrfnl arguments x and y are created in |
x[&3-3 environment.
¥ E_ ? ,-'.' .u"'
e ta, o

Global Environment

5. Line2 [?alcﬁl.lm'l) : v:?mahle z is nunl (53 i.m:al Environment 1
created in the local environment, num2 [~ 2 for calesum( ) '}
" x[E~3 /

o yE-7
.'._"'E"']'E

Global Environment
numl [F— 3
tum2 [ 7
sum [ 18

6. Line3 (calcSum.2) : value of z is returned to caller (return
ends the function, hence after sending value of s to caller
in variable sum (when control is back to Main.3), the local
environment is removed and so are all its constituents).

L

e

7. Line7 (Main.4) : the print statement picks value of sum from its own environment.

8. Program over. Global environment is also removed with the end of the program.

As you can see from above that scope of names nuntl, num2 and sum is global and scope of
names x, y and z is local.

Variables defined outside all functions are global variables

These variables can be defined even before all the function definitions.

Consider the following example :

X=5 4+—
Variable x defined above alf functions. It is also
def func(a): ; a glabal variuble along with y and =

b=a+1
returnb

y = input( "Enter number” )
z=y+ func(x)
print{z)
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Scope Example 2

Let us take one more example. Consider the following code :

1. defcalcSum(a, b, c):
s=a+h+c # statement -1-
return s # statement -2-

W h

4. defaverage (x,y, r 5

5. sm=calcSum (x, y, z) # statement -1-
6. returnsm/ 3 # statement -2-
7. numl=int (input( "Number1 :") ) # statement -1-
8. num2 = int (input( “Number 2 :* }) # statement -2-

9. num3=int (input( "Number 3 :" ) ) # statement -3-
1@, print(“Average of these numbers is", average( numl, num2, num3) )

# statement -4-
Int i l
ernally the global and local environments would be created as per flow of execution -

1. Linel : def encountered : lines 2, 3 ignored.

2. Line4 : def encountered ; lines 5, 6 ignored.

Global Environment

3. Line7 (Main.1) : execution of main program begins ;
’ numl [F— 3

global environment created » umd added to it

s

Global Environment
numl [ 3
num2 G- 7 4. Lines 8, 9 (Main.2

num3 [G-— 5 o Main.s} :

v

global environment add num2 and num3 to

5. Linel0 (Main.4): Function a

is invoked, e

50 a local ENnvVironment

Global Environment

for average( ) is : numi (G- 3 .
vt tE ) is created ; formal nun2 e o 9
rguments x, y and z are created i nun3 G °cal Environment
local environment. ; 5 or average( )
" % [F-3
yE-7
Al
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6. Line5 (average.l) : Functi
1) ction
Cﬂfc‘SHHlf ) is inmked 50 a r{;”-""l.:;;uhal FaomRt Lﬂfc:rl :\rn:riargt;“{m}nt :

- I !:.' 'l
local environment for If". numl [9— 3 ; )
calcSum( ) is created, nested I,u" _."d num2 (- 7 Local Environment ¥ |
within local environment of |/ P =5 . g? Ve Taletimt2 !

. i ¥ |
average( ) ; its formal lx 2[5 ; g:g i
arguments (a, b, ¢) are W 5
created in it, b Y e
."-l. '.."' ‘-i"i‘.
— = - o ‘H\"-\H_
. — b, A
_:‘"élahal Environment - -9¢3l Environment
K for average{ ) Y
A numi[E5=3 N 7. Linel (calcSum.1) : Variable s is
;'_-‘ nue2 53— 7 x G- 3 Lecad Enciiensint X created within local environment of
i num3 [3— 5 y B=7 aﬁ‘;::;.ﬁum{ ) calcSum( ).
il z [ 5
1 b[EF-7 -
. C E_. 5 . ’ o
% s [3- 15 il
\_‘_ __'_r___.r" /\\\\
p Global Environment .q“‘c,;
8. Line2 (calcSum.2) : Value of s is & numt (3~ 3 A
; é a7 Local Environment
returned to sm of average( ) and | ol for average( ) ?]
calcSumy( ) is over, hence the local \l e ; g 3 sm[F—15 i

environment of caleSum( ) is % /

tE-5
removed. *, ~
* .1‘. z 4 'i'

9. Line6 (average.2) : Return value is calculated as sm / 3 (i.e., 15/3 = 5.0) and returned to
caller (main.4) statement ; average( ) is over so its local environment is removed.,

A

* Global Environment

‘ %, 4 Global Envi t b
/ numi (5~ 3 Lecal Environment "‘.“:I ; numl (= 3 e i"-
{. num2 [F—= 7 for average( ) A — { num2 G- 7 H
. num3[E@-5 xBF=3 z[E-5 "J i num3[G—~ 5 il
% yB=7 snl=15 , 2

: N 5.8 7

10. Linel0 (Main.4) : The print statement receives computed value 5.0, prints it and program
is over. (with this global environment of the program will also be removed.)
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Here we want to introduce another term - lifetime of 2 LIFETIME. 7000 ‘:‘-i
variable. The lifetime of variable is the time for which a variable The time for which a variate
lives in memory. For global variables, lifetime is enti{e name remains in memary i
program run (i.c., they live in memory as long as the program 15 calied Uiletime of variable,

running) and for local variables, lifetime is their function’s run
(i.e,, as long as their function is being executed.)

3.8.1 Name Resolution (Resolving Scope of a Name)
For every name reference within a program, i.e., when you access a variable from within 5
program or function, Python follows name resolution rule, also known as LEGB rule. That is,
for every name reference, Python does the following to resolve it :
(1) It checks within its Local environment (LEGB) ( or local namespace) if it has a variable
with the same name ; if yes, Python uses its value.
If not, then it moves to step (ii).
(if) Pythc:-n now checks the Enclosing environment (LEGB) (e.g., if whether there is a
variable with the same name) ; if yes, Python uses its value.

If_ the variable is not found in the current environment, Python repeats this step to
higher level enclosing environments, if any.

If not, then it moves to step (iii).

(itf) Python now checks the Global environment (LEGB) whether there is a vanrable with
the same name ; if yes, Python uses its value.
If not, then it moves to step (iv).

(iv) Pythqn checks its Bnilt—in environment (LEGB) that contains all built-in variables and
furlml:mns of Python, if there is a variable with the same name ; if yes, Python uses its
value,

Otherwise Python would report the error :

name < variable » not defined.

As you can make out that LEGB rule means checkin
Built-in environments (namespaces) to resolve a n

/ Bullt-in Namespace

r/ Global namespace

g in the order of Local, Enclosing, Global,
ame reference. (Fig 3.2)

q)
3

Enclosing namespaca 2

=

LW i

Figure 3.2 LEGB rule far name resalution

(scope)
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Let us consider some examples to understand this.

Case 1 : Vaoriable in global scope but not in local scope

Let us understand this with the help of following code :

def calcSum (x, y) : = )
/ variable mem i3 o plobal variahle,
S=X+y # statement -1- not a local variable
print(numl) # statement -2-
return s # statement -3-

numl = int(input( "Enter first number s
num2 = int(input( "Enter second number " ) )
print("Sum is", calcSum (numi » num2))

Consider statement 2 of function caleSum(). Carefully notice that mum1 has not been created in

calcSum( ) and still statement2 is trying lo printits value. The internal memory status at time of
execution of statement 2 of calcSum( ) would be somewhat like :

1. Python will first cheek the

Local environment of calcSum( )
for numi ;

nunil is not found there,

Global Environment

numl [5— 3 r"‘/ 4 . X
AR (- 7 Lecal Environment ™, W

N for calcSum{ )
2 L xE3 !
2. Python now checks for num1, Y YE-7 :

\
num? found here 3

the parent environment of i1 atlempis \_.s B 10

caleSum( ), which is Global
environnient (there is not any

. : . : numd not found in local
mte'rmed_late enclosing environment (attempt1)
environment),

Python finds num1 here ; so it picks its value and prints it.

Case 2 : Variable neither in local scope nor in global scope

What if the function is using a variable which is neither in its local environm
environment ? Simple! Python will return an error, e.g,, Python will
name in the following code as it not defined anywhere :

ent nor in its parent
report error for variable

def greet( ): a— This would return error as name is neither in
print("hellc", name) tocal enviranment nor in global environment
3
greet( )

Cose 3 : Same variable name in local scope as well as in global scope

Ifinside a function, you assign a value to a name which is already there in a higher level scope,
Python won't use the higher scope variable because it is an assignment statement and
assignment statement creates a variable by default in current environment.
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For instance, consider the following code ; read it carefully :

def statel( ) :

P e tigers =15

igers
This statement will create a print(tiger )
local variable with name
tigers as it is assignment
statement, It won't refer fo tigers =95
e print tigers
statel()
print(tigers)

Global Environment ;

tigers [3—=95 /"I.n:al Environment
& for statel( )
f. tigers H-=15

The above program will give output as :

Result of print statement inside statel ( ) function,

95 thus, value of local tigers is prinied.

335 ‘r\ Result of print statemeni inside main program,

thus, valug af glabal tigers is printed.

That means a local variable created with same name as that of global variable, it hides the global
variable. As in above code, local variable tigers hides the global variable tigers in function
statel( ).

What if you want to use the global variable inside local scope?

If you want to use the value of already created global variable inside a local function without
modifying it, then simply use it. Python will use LEGB rule and reach to this variable.

But if you want to assign some value to the global variable
without creating any local variable, then what to do ? This is
because, if you assign any value to a name, Python will create
a local variable by the same name. For this kind of prablem,
Python makes available global statement.

To tell a function that for a particular name, do not create a
local variable but use global variable instead, you need to
write :

global <variable name>

For example, in above code, if you want function statel( ) to work with

. : giobal variable tigers,
you need to add global statement for tigers variable to it as shown below : =

def statel( ) :

/—- global tigers
tigers =15

This ix an indication mof o

Global Environment

create local variable with print(tigers) tigers [9— 35 fl:ncll En'.rirnmn"t“" :
the name tigers, rather use _ - 15 ; = W1
global variable tigers. tigers =95 (f} or statei( ) Lk

print(tigers) ﬁ'l'f{

StﬂtEi{ } \\

print(tigers)
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The above program will give output as ;

95 Result of print statement inside statel ( ) function,
15 / vatue of global tigers is printed {which was modified

r fo 13 in previous line),

Result of print statement inside main program, this,
value of global tigers (which is 15 now) is printed,

Once a variable is declared global in a function, you cannol
umdo the statement. That is, after a global statement, the

function will always refer to the global variable and local
variable cannot be created of the same name.

But for good programming practice, the use of global
statement is always discouraged as with this programmers
tend to lose the control over variables and their scopes.

3.9 MUTABLE/IMMUTABLE PROPERTIES OF PASSED DATA OBJECTS

So now you know how you can pass values to a function and how a function returns value(s) to
its caller. But here it is important to recall following things about variables :

© Python’s variables are not storage containers, rather Python variables are like memory
references; they refer to the memory address where the value is stored.

© Depending upon the mutability/immutability of its data type, a variable behaves differently.
That is, if a variable is referring to an immutable type then any change in its value will also
change the memory address it is referring to, but if a variable is referring to mutable type then
any change in the value of mutable type will not change the memory address of the variable
(recall section 1.7). Following figure also summarizes the same,

" (N RN L L R IEE AR TR N N R T
LR TR R R L . .

~ Another .i;;{p::rtant thing to know here is that the scope rules apply to the identifiers or the name
labels and not on the values. For example, if you pass an ﬂlrgu'nmnt a with value 5 to a function
that receives it in parameter b, then both @ and b will refer to same value (i.e., 5) in data space
‘(even with different scopes, they may refer to same data in data space depending upon
mutability), but, you can use name b only inside the called function and not in the calling
function. This will become clearer to you when we discuss mutability with respect to arguments

IMPORTANT

and parameters in the section38.

Y FEFL s Foao e P e T T LR s s N L e L T T T e T
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(Integer literals are stored at some predefined locations)

_— Number of references —__
(2) (1)
148200 148216 148232 148248

Code ——:.,f:___
Listl = [1, 3]
varl = 1 i 200180
oy B
I 1 =
vari siores the memary List! has been allocated address 200160 where il
reference of integer value 1 can store memory references of its individual
(l.e., 14B216) as it is items e.g., List1[0] currently stores here the
currently storing 1 memory reference of integer valuel (ie., 148216)

and List[1] stores the memory reference of
integer value 3 (/.e., 148248)

Now if you make following changes to List1 and Varl ;

varl=varl-1 {Now varl holds value @)
Listi[e] =3 (Now First item of Listl is also 3)
(1 (2)
148200 148216 148232 148248 148280

:5 | |

J |
|

= N

N

(o U {2

» = List's memory
holding address
remains (he same

0 individual ilems'
/ / 3 = addresses change
s Stﬂrrs mem[?w The memory allocated to List1, where it can hold its data items
oy ﬂagtggm memory address remains the same /.6, it still is 200160, BUT
(ie., ) as the Individual items of List1 have changed so individual

items’ memory addresses stored
both List1[0] and List1
148248, the memory

Listi[1] ¢

here have to reflect this. Thus
[1] are currently storing memory address

address of integer 3 as both List1[0] and
urrently hold integer value 3.

Figure 3.4 Impact of Mutability and Iﬂ'lﬂ'l:lltﬂbﬂ'ity
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3.9.1 Mu*ﬂbiiifvﬂmmmﬂbimﬁ' of Arguments/Paramelers and Function Calls . ;

When you pass values through arguments and parameters to a function, mutability/ immutability
also plays an important role there.

Let us understand this with the help of some sample codes.

sample Code 1.1

Passing an Immutable Type Value to a function.

1. defmyFuncl(a):

2 print("\t Inside myFuncl()")

3 print("\t Value received in 'a‘' as", a)

4. a=a+2

5 print("\t Value of "a’ now changes to", a)
6

print({"\t returning from myFuncl()")

# __main__

o =

num= 3

print(“"Calling myFunci() by passing ‘num' with value", num)
10. myFuncl(num)

11. print("Back frommyFuncl(). Value of 'num’ is", num)

Now have a look at the output produced by above code as shown below :

calling myFuncl( ) by passing 'num' with value 3

Inside myFuncl( )
value received in 'a' as 3

- Tha value got changed from 3 to 8 inside function
value c:f a' now changes to < BUT NOT got refl o oy
returning from myFuncl( )

Back from myFuncl( ). value of 'num' is @ i it

= AF L e s SR |

As you can see that the function myFuncl() received the passed value in parameter a and then
changed the value of a by performing some operation on it. Inside myFuncl(), the value (of a)
got changed but after returning from myFunc1( ), the originally passed variable num remains
unchanged.

Let us see how the memory environments are created for above code (i.e., sample codel).
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{1) « reference count

Memory Environment For Sample Code 1.1

(Note : Passed value is an integer, an immutable type)

Viva

Technologies

L These memaory addresses will vary each

Till Lines 7-9 of coga of ~main..

BOO A16 832 B48 time as these are allocated by 0s,
rontoded @ ]
\._' .. Global :
[#]  Environment
num |
{2} « reference court
800 818 832 864
data space .. E @
T

Global Environment

Local
Environment
{myFunci())

L ED

?Q

=/

(1) (1)

At line10 (function is called) argumen
num fs received in parameter a ang for
lines 1, 2, 3, environment remaing the
same

data space

See, the global environment's
num remains unaffected from
changes to variable a of myfunc?

Atline 4 ~Global Environment -

800 816 B32 B48 BG4

-G [ B E O -
N
.'.'Tlnm_

aj{va=a+2)

E Local Env.(myFunc( )
a

Lacal memory environment
remains the same &l linef and ths
myfunci( ) gels over and control
returns to —main- part's fine1
and the local environment of

(1)
800 816 832 848

myfunc1( ) is removed.

dala space

[ [4 [5] 6] -
- _
B Tane 1=

At line11, when num’s valué 5
printed Python prints 3 as the nu
remained unchanged in its S¢OP
and thus always remained 3

P il
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S0, you just saw how Py
Let us see what happen
sequence/collection suc
individual ilems.)

thon processed an
5 inﬂidE mEm{Jl‘}J‘ if

h as a list internally is stored as a contai

cample Code 2.1

Passing a Mutable Type Value to a function-Making changes in place)
ce,

1. def myFunc2(myList):

2 print("\n\t Inside CALLED Function now")

3, print("\t List received:", mylList)

4 myList[@] +=2

5 print("\t List within called function » after changes ;"
6

» MyList)
return

List1=[1]

print("List before function call : ", List1)
9. myFunc2(Listl)

18. print(“\nList after functioncall ; ", List1)

oo o~

Now have a look at the output produced by above code as shown below :

=

List before function call : [1]

pep——— g omaE e s
b T N £ L=

Inside CALLED Function now

List received: [1] @ The value got changed from [1] 1o [3]

. List within called function, after changes : Insida function and change GOT
f REFLECTED to __maln__ ., :

List after function call : @* ...................... R e T .

As you can see that the function myFunc2( ) receives a mutable type, a list, this time. The
passed list (List1) contains value as [1] and is received by the function in parameter mylist. The
changes made inside the function in the list mylist get reelected in the original list passed, i.e., in
list] of _main__ .

So when you print its value after returning from function, it shows the changed value. The
reason is clear - list is a mutable type and thus changes made to it are refelected back in the
caller function.

Let us see how the memory environments are created for above code (i.e., sample codel.1).
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Memory Environment For Sample Code 2.1
(Note : Passed value is a lisf, a mutable type)

{1) 4= rofnrence counl

540 550 672 588 604 200 Memory addresses vary
dalo spaco and| .. . . on each compug,
anrmamoy | (0] (1) [2) (3] [4] - L] o auc v
(LIst1[0] holds memory
address of value 1 (556))

8! : Global Environment . — Till Lines 7-9 of code
List1 : of _main__

(1)
540 556 572 588

(0] (31 [2) (3] @. =<5l

At line$, function myFunc2( | gefs
called ; argument List1 /s feceived o
paramatar myLIst, Both now paint lo

e o addrass 26000. For lines 1, 2, 3, e
FZa environment remains the samea,
7 TFIEETF
VA
| ; i
e Local Environment
List1 5 {myFunc2(D))
myllisi
5 =
1
i G éa ]a ) e At lined, myListfo]'s value
— . ;:;:ang&.s to 3 (myListfo] +=
0 1 2 3 » and thus the Oth item of
U [._—.I D [__l EI ld/‘}f—:::[j:l myList now holds reference
/,-— / (LH1[0] now holds of value 3. BUT the memory
location of lisi myList
/_/ /[ remary addrass of remains the same (25000).

value 3 (588))

Global Envirenmaent The change of memory

address from value 1 fo
value 3 has been done in place ie., at
same location of mylist (i.e., 25000). The
memery environmant remains the same for
lines 5, 6 of code and then function relums
€onlrol __main__'s line 10, remaining local
anvionment of function myFunc?{ ).

sty

Local Environmenl
{myFuncZ[ N

25000

Enfan iR E— )
/

Al line 10, when List1 /s printed, # s
referming to address 25000 that
currently holds reference of value 3.
Hence changed list is printed (a5 [3))
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So changes in memory references occurred at the same address 25000 for both lists (argument
and parameter) and hence got reflected in __main__, the very essence of mutable types.

Similarly, if you make other changes such as adding or deleting items from a passed list, these
will also get reflected back as both the passed list argument and received parameter list work

with the same memory address where changes are done in place. Check following code and its
output - changes are reflected back in __main__

sample Code 2.2

Passing a Mutable Type Value to a function — Adding/Deleting items to if)

1. def myFunc3(myList):
2 print("\t Inside CALLED Function now")

3 print("\t List received:", myList)

4. myList.append(2)

5. myList.extend([5,1])

6 print( "\t List after adding some elements:", myList)

7 mylList.remove(5)

B print("\t List within called function, after all changes:", myList)
9 return

10, Listl=[1]

11. print("List before function call M Listl)

12. myFunc3(List1)

13. print("\List after function call :", Listl)

Now have a look at the output produced by above code as shown below :

List before function call : [1]

Inside CALLED Function now
List received: [1]

List after adding some elements: [1, 2, 5, 1] [:n; ﬁy;gd:t;&mgm mmn
. s )N u on a 13
List within called function, after all changes.. e REFLECTEDto_mui:nj 1

L1
® # (]
List after function €all : ([1, 2, 1 g cccunccnconunammnss Bt P AR e
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n ;:; j32 348 364 380 396 38100

Memory Environment For Semple Code 2.2

A

-0 [2] (5] 6] -

z@@@..,ﬁ

L R
P

Viva

Technologies

3 List1[0) holds
'é / — inumiﬂ address of value 1., 316)
3
[ nt
( Lhnlﬁl/ Global Environme )‘_\ T Lines 10-11 of mﬂrlﬂ of _main_
Gl i
36 332 348 364 380 386 38100
1B EEE- ]
o L At line 12, function myFunc3( ) gets
o / / called ; argument List] is recelved
o in parameter myLlst.. Both List
5 List1 E/ nimelisiel) i and myLlst poin! to same memary
Local Environment address i.e., 38100,
myList (St ) Environment remains the same for
|_ lines 1, 2, 3.
MM
316 332 34B 354 380 296 38100

(myFunc3( )}

The list's(myList) memory address
still remains the same (8., 38100.
Howaver, it now sccomodaies place
to hold two new elaments.

Envirenment remains same for line
G loop.

@ = Al line 4, slatement myList.ap-
o - pend(2) gets execuled, S0 a new elg-
= LiﬂlE}/ / Global Enviranment men! ﬁndax-” is prﬂndﬂd o mj‘ﬁsrﬁ
Ll Erbariant same memory address 38700,
; {myFunc3( ]} This new element now refarences fo
myList | § | value2,
I
L ¥
Nolice even afier appending a new element the list's :"f F 3 I {
address s the sama fe., 38100. II, however, now  Mutable types act like con-'
accommodates place to hold new value, italners.- Container ' remains
] i
— a0 it
3189 3ja 35? S o Ll 5 overall 'an_:lélress remains lhe'
[0 (8] (4] 8] 6~ o T T Ty (o] | same as eis th comaers
g |address:
| e e b b -
(=] =l Pl
i e —e - :
g = -
E
3 {ists E/ / Global Environmant Al line5, the list is extended with fwo
Local Environmen new elements (myLlst.extand(5, 1)).
myLisl ]_
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Memory Environment For Sample Code 2.2 (Contd....)

2 (M
316 332 348 364 38R0 38100
---@ BEE - AW RO
[=:] L i
it B A—4 At line 7, stalamonl
8 o / myLlst.remove(s) romoves element
5 : 5 from list and thus only three
wa =
Listl ]ﬂ/ / Global mmnm'"t glemants ara loft In LisiimyLIst),
' ) Local Environment But the memory address of the list
(myFunc3( }) (myList) romains the same even
myLint after changes In its contents.
: The environment remains the same
- tifl line 9 and then control refums to
o line13.
(2)
36 (1) 48100
1] [2] [3] [4] [5] [&]~
=
o Zal i
@ e = Al line 13, after returning from
= : 3 ; . NP myFunc3{ ) the local environment
- Lista El/ 5 e g is removed. Tha list, List1 is still
' 5 = - q , referencing the address 38100
= : with all the changes Intact.

Sample Code 2.3

Passing a Mutable Type Value to a function — Assigning parameter to a new valuelvariable.

1. defmyFunc4(mylist):

2. print("\n\t Inside CALLED Function now")
3 print("\t List received:"”, myList)
4. new=[3,5]

i Parameter list gel assigned a new value (a list here)
ist=

5
6. myList.append(6)

7 print("\t List within called function, after changes:", myList)
8

return

9. Listl=[1,4]
10. print("List before functioncall :", Listl)

11. myFunc4(Listl)
12. print("\nList after function call :", List1)
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below :

Now carefully look at the output produced by above code as shown

List before function call : [1, 4]

Inside CALLED Function now The value gol changed from [1, 4 o
List received: [1, 4] (3,6, 6] Inside function and change
i List within called function, after changes: DID NOT GET REFLECTED to_main_ .

-----------------
__________

B e e ,
i List after function call :
= list. Right ? But still the ch

: i table type, a list. MG still the changes
Isn’t this unexpected, the passed value 18 of amu 1 ) ;
made in the I'-ui-:ﬁon do nI:)t get reflected back 1o _mamd—iéu“:f:gﬂ;rf;:;rﬁes' Let’s find out,
But first have a look at the memory environments create

Memory Environment For Sample Code 2.3

(Note : Passed value is a list, a mutable type)

— () (1)
537 548 564 580 596 612 40116
L ]
-0 @ 6@ 6 E- |
? e J Elements 0 and 1 of list refer lo
P o addressas of values they hold
- -
- A / Global Environment
tasea[ o] ¥~ Tl Lines 9-10 of code
. | = of __main_
r_ {1 (1)
532 580 40116 :
1 6l [ 06 IliC
7 | ,f':/
= : ! ; Al line 10, function myFuncd()
§ u;u’;:j/ / Ol PrvirORmeRs. gats called argument ListT is
= ey ' Local Environment received in parameter mj""‘J-“-
List (myFunc4(}) Both List! and myLIst point (o
ki same memory address i.e. 40116
Environment remains the same
for iines 1, 2, 3.
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Memory Environment For Sample Code 2.3 (Contd....)

- o M oM
564 580 596 40118 50110
-0 B & [ [ yﬁﬁﬁ e
"/
= _.-""
: — -’ ; _.J
i — 2 / / Global Environment ! Al fing 4, a new Hisf by tn::ﬁ o
- I Local Environment ) ::‘::;;“;ﬁ Eifﬂrgam =
- Funcd o
myLisl | I ey Funcd)) nan 50110. While List1 and myLIst
e paint to memory addrass 40116,
new has mamory address as
o 50110,
L Mmoo
532 564 580 596 40116 50110
-H @B GEEE - ~TH6] [Lhl]
| -
.-"'f f..-' _/
w = = i
-] = =
1.;1;3. o) . .., ; .
- e .,/ p ' -’Anﬁ-l Environment [ Al lina 5, myList is as-
g el . Local Environment signed new, which means [t
. (myFuncd( ) now paints fo same address
frplist D = as new e, 50110,
W ?_b
1) (1 1y (M (1 40116 &:n11l:|.;1I
NEEEED : 7
! =
—— — // At line 6, statement
2 o A - (myList.append(6))
2 — el adds value G at the end
E -
= _ : al Environment of myList. Since mylist is
A Li:r:tl-f_z"]/ / Moo printing to address 50110,
gl r— Loeal Environment value 6 gels added to this
e myList u (omyruncALy new E container, Thus when you print
h g myList's value, it shows [3, 5, 6].
R : Environment remains the same till
line 8 and then function retumns
control to __main__ at fine 12.
[ (1) L
= P
~[1] [2] (4] [8] (6] /'1_H 4] After myFuncd( ) gels over, the local
o ~ environment is removad. The fist,
" List1 is still referring to address 40116
§ and prints whalever Is contained at
- Global Enviranment this very address i.e., [1, 4]. Changes
Lt - _ that were made to address 50110 are
= ! not reflected.
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:-ons of above code that the moment you maj
it is clear from the memory environs 0 ‘ ' -
:;l;: :}inolher address by assigning a different variable name, it loses the aq dress o/ a;amE!Er

argument passed to it. So, whatever changes are made to it post this will ngy get ref ®actyy
original argument even though it was mutable because the addresses became djg;

ty
. ! Erent.
can summarize the mutable behaviour as summarized below : S0y,

Mutable Argument (say A) assigned fo mutable porameter (say p)

Y05
iﬁﬁﬁy "“-.hi?ff cﬁa
o gy ~. e i
. \\

o
" if P is not assigned any new name of ife ‘5_555'?"“‘1 a ﬂﬂ:_name or diffarany
different data type value then changes data type ":hUB 'ZE-QI-- = different_varigpyg
in P are performed in place and GET then any ﬂi‘?;ﬁhﬂ P are not reflecteg)
REFLECTED BACK to __main__ Bper H.:I:;?jm__
(refer same codes 2.1 and 2.2). i {A a pjem» B 2.3).
That is, A will show the changed dala. is, A will not show changed daty
e
Figure 3.5 Mutable types’ behaviour with functions.
%1_" R " That means, we can say that :
. - Ry & Changes in immutable types are not reflected in the

1. If retum statement is not used inside caller function at all.
the function, the function will return: & Changes, if any, in mutable types

L @0 (b) None object . .
( m are reflected in caller function if ils name is net

an arbitrary integer : :
i :i Errord Fu:::ﬁnnsgin Sition sink assigned a different variable or datatype.
' have a return statement. m are not reflected in the caller function if it is

2. Which of the following keywords - assigned a different variable or datatype.
the beginning of the function block?
(a) func (b) define (c) def (d) function

3. What is the area of memory called, -

. Which stores the parameters and local +* | MUTABILITY/IMMUTABILITY
i variables of a function call ? i .~ OF ARGUMENTS h
(a) a heap  (b) storage area .77 4 PHJQI'ESS Jn P',I'T on 3.4

(c) a stack  (d) an armay
4. Find the errors in following function

¢~ definitions : This ‘Progress in Python' session is aimed at these concepts :
(a) def main( ) Mutability/lmmutability of the arguments, paramelers and
print ("hello") their behaviour in various situations,

{b) def func2() :
print (2 + 3) PO R
; () def compute( ) : '
: print (x * x) - g
@ square (a) i

"returna*a
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LET Us REVISE
e ——

& A Function is a subprogram that acts on data and often returns a value,

« Functions make program handling easier as only a small part of the program is dealt with at a time, thereby
avoiding ambiguity,

By default, Python names the segment with top-level statements (main program) as _main__,
< A Function is executed in un execution frame.
o

The values being passed through a function-call statement are called arguments (or actual parameters or actual
arguments).

% The values received in the function definition‘header are called parameters (or formal parameters or formal
arguments),

“ Python supports three types of formal arguments : parameters (i) Positional arguments (Required arguments),
(ii) Default urquments and (iii) Keyword (or named} arguments.

“ When the function call statement must match the number and order of argumenis as defined in the function
definition, this is called the positional argument matching.

% A parameter having default value in the function header is known as a default parameter.
“ A default argument can be skipped in the function call statement,

%+ The default values for parameters are considered only if no value is provided for that parameter in the function
call statement,

% Keyword arguments are the nomed arguments with assigned values being possed in the function call statement,
% A function may or may not return a value.

A function may also return multiple values that can either be received in a tuple variable or equal number of
individual varigbles.

< A function that returns a non-empty value is a non-void function.

“ Functions returning value are also known as fruitful functions.

% A function that does not return a value is known as void function or non-fruitful function,
< A void function internally returns legal empty value None.

% A function in a program can invoke any other function of that program.

&

The program part(s) in which a particular piece of code or a data value (e.g., variable) can be accessed is known
as Variable Scope.

% In Python, broadly scopes can either be global scope or local scope.

©  Python resolves the scope of a name using LEGB rule, i.c., it checks environments in the order : Local, Enclos ing,
Global and Built-in.

* A local variable having the same name as that of a global variable, hides the global variable in its function,
* The global statement tells a function that the mentioned variable is 1o be used from global environment,

* The global statement cannot be undone in a code-block i.e., once an identifier is declared global, it cannot be
reverted to local namespace,

% A function can also return multiple values.

Mutability of argumenis/parometer affects the change of value in caller function.
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Solved Problem
e

1. What is the significance of having functions in a progran ?
Solution. Creating functions in programs is ve

Viva

Technologies

ry useful. It offers following advantages :

The program is easier to understand.
Main block of program becomes compact as
easier to read and understand.

Redundant code is at one place, so making changes is easicr. |
Instead of writing code again when we need to use il more than once, we can write the code
in the form of a function and call it more than once. If we later need to change the code, we

change it in one place only. Thus it saves our time also.

Reusable functions can be put in a library in modules.
We can store the reusable functions in the form of modules. These modules can be imported

and used when needed in other programs.

the code of functions is not part of it, thys is

2. From the program code given below, identify the parts mentioned below :

def processhumber(x):
x=72
return x+3

y =54

res = processhumber(y)

Identify these parts : function header, function call, arguments, parameters, funiction body, main program
Solution. ’

Function header - def processNumber(x) :

Function call : processNumber(y)

Argumenls : y

Parameters - x

Function body - X=72

return x + 3
Main program : y =54

res = processNumber(y)

3. Trace the following code and predict output produced by i,

1. def power(b, p) :

2. y=b**p
3. returny

a. :

5. def calcSquare(x) :
6. a = power(x, 2)

return a

@94257-01888
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1959931035361 =229339693721051-5293510->11
The output produced by above code will be -
52

9. n=5§ 2

18. result= calcsquare(n) + power(3, 3)
11. print(result)

Solution. Flow of execution for above code will be -

4. Trace the flow of exccution for following programs :

(a) 1 def power(b, p): {t) 1. def increment(x) :
2 r=b**p 2. X=x+1
3 return r 3.
4 4. # main program
5 def calcSquare(a): 5. x=3
6 a = power(a, 2) 6. print(x)
7 return a 7. increment(x)
B B, print(x)
9 n=5
18 result =calcSquare(n)
11 print (result)
(c) 1. defincrement(x):
2. z=45
3. x=X+1
4. return x
5.
6. #main
7. y=3
8. print(y)
9. y=increment(y)
18. print(y)
11, g=77 .
12. print(q)
13. increment(q)
14. print(q)
15. print(x)
16. print(z) .
Solution. Contral didnot retun o function
call stalement (7) as nothing is
a1 ; belng refurned by incrameni(
(a) —-1-5-—:-9—;11}--}5—}ﬁ~+1—}2—>3—)6~+?—}1ﬂ—}11_£ )

B) 195363721228 <
(€ 1979899519233 542595105115125133 132933451415 516
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5. What is the difference between the formal parameters and actual parameters? What are their alterngyy,,
names? Also, give a suitable Python code to illustrate both.
Solution. Actual Parameter is a parameter, which is used in fimction call statement to send gk, valye
from calling function to the called function, It is also known as Argument.
Farmal Parameter is a parameter, which is used in finction header of the called function to recejy, the
value from actual parameter. 1t is also known as Parameter.

For example,

def addEm(x, v, z):
print{x+y+2)

addEm(6, 16, 26)
In the above code, actunl paramelers are 6, 16 and 26 ; and formal paramelers are x, y and z.
6. Consider a function with following header :
def info(object, spacing = 18, collapse=1):

Here are some function calls given below. Find out which of these are correct and which of these are incorract
slaling reasons :

infof obj1)

info{spacing = 28)

info( abj2, 12 )

info( obji1, object = 0bj12)
info( obj3, collapse =@)

info( )

info{collapse=8, obj3)

info( spacing = 15, object =obj4 )

:U;N:hl'h‘lﬂﬂ‘ﬂ.‘l

Solution.

(@)  Correct obf1 is for positional parameter object ; spacing gets its defaull value of 10
- . and collapse gets its default value of 1.

(6) ' Incorrect  Required positional argument (object) missing ; required arguments cannot
be missed.

{c) | Correct . Requi.red parameter object gets ils value as abj2 ; spacing gets value 12 and
for skipped argument collapse, default value 1 is taken.

(d) ' Incorrect Same parameter object is given multiple values - one through positional
argument and one through keyword(named) argument,

()  Correct Requi!-ed parameter object gets its value as objf3 ; collapse gets value 0 and
for skipped argument spacing, default value 10 is taken.

(1 . Incorrect . Required parameter object’s value cannot be skipped.
© |, Incorrect | Positional arguments should be before keyword arguments.
(h) | Correct Required argument object gets its value through a keyword argument.
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8. What will following code print ?
def addem(x, Y, 2):
Print(x +y + z)

defprod (x, y, z) ;
retupn x * y¥gz

a = addem(s, 16, 26)
b=prod ( 2, 3, 6)
print(a, b)
Solution.
None 36

9. In the previous question’s code, identify the void and non
values of both void and non-void functions in
Sfunctions do not return g value?

-void functions. The previous code stores the return
variables. Why did Python nof report an error when void

Solution.
Veid function : addEm( )
Non-void function prod( )

In Python, void functions do not return a value; rather they report the absence of returning value by
returning None, which is legal empty value in Python. Thus, variable a stores None and it is not any

error.
10.  Consider below given function headers. Identify which of these will cause ervor and why ?
() deffunc(a=1,b):
(i) deffunc(a=1,b, c=2):
(i) deffunc(a=1,b=1,c=2):
(iv) deffunc{a=1,b=1,c=2,d):
Solution. Function headers (i), (i} and (iv) will cause error because non-default arguments
cannot follow default arguments.

Only function header (ii) will not cause any error.

11. What is the difference between a local variable and a global variable ? Also, gfve a suitable Python code to
illustrate both.
Solution. The differences between a local variable and global variable are as given below :

Local Varlable i Global Variable

1. | It is a variable which is declared within a | It is variable which is declared outside all
function or within a block the functions

2. | 1t is accessible only within a function/block | It is accessible throughout the program
in which it is declared

o
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T'or example, in the following code, x, ¥Cubed are global va riables and # and cn are local variables

def cube(n):
cn=n*n*n
return cn
x=18

%Cubed = cube(x)
print(x,"cubed is", xCubed)

12. Following code intends fo swap the values of fwo variables through a function, ik 4ot ‘:um:;tg the code, the
output shows that the values are swapped inside the switch() function but back againt I MAait program, the
variables remain un-swapped. What could be the reason? Suggest a remedy.

def switch(x, y):
X, ¥=Y¥, %
print("inside switch :", end="")
print("x =", x, "y =", y)

=5

y=7

print("x =", x, "y =", ¥)
switch(x, y)

print("x =", x, "y =", y)

Global Environment

x[3-5 Local Environment
¥Yig—7 for switch{ )

k=7  y[E-s

Solution. The reason for un-reflected changes
in the inain program is that although both
main program and switch( ) have variables
with same names i.¢., x and y, but their scopes
are different as shown in the adjacent figure.

The scope of x and y of switch( ) is local. Though they are swapped in the namespace of switch( ) but
their namespace is removed as soon as control returns to main program. The global variables x and y
remain unchanged as switch( ) worked with a different copy of values not with original values.

The remedy of above problem is that the switch( ) gets to work with global variables so that changes
are made in the global variables. This can be done with the help of global statement as shown below -

def switch(x, y):
global x, v
Ky ¥=Y, %
print("inside switch:", end="")
print("x=", x, "y =", y)
x=5
y=7
print("x =", x, "y =", y)
switch (x, y)
print("x =", x, "y=", y)

Now the above program will be able to swap the values of variables through switch ).
(Though, now passing parameter is redundant.)

51
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13, Following code intends to add a given value fo global variable a. What will the following code produce?
1. def increase(x) :

2. D=a+x
3. return
4,

5. a=2@

6. b=5

7. increase(b)
8. print(a)

Solution. The above code will produce an error.
The reason being whenever we assign something to a variable inside a function, the variable is
created as a local variable. Assignment creates a variable in Python.

Thus at line 2, when variable a is incremented with the passed value x, Python tries to create a local
variable a by assigning to it the value of expression on the right hand side of assignment. But
variable a also appears in the right hand side of assignment, which results in error because a is
undeclared so far in function.

To assign some value to a global variable from within a function, without creating a local vanable
with the same name, global statement can be used, So, if we add
global a

in the first line of function body, the above error will be corrected. Python won’t create a local
variable a, rather will work with global variable a.

14,  Which names are local, which are global and which are built-in in the following code fragment?
invaders ='Big names’
pos = 280
level =1

def play( ) :
max_level = level + 18
print(len (invaders ) == @)
return max_level

res = play()
print(res)
Solution.
Global names : invaders, pos, level, res
Local names max_level
Built in H len

15, Predict the output of the following code fragment ?
def func(message, num=1):
print(message * num)

func('Python')
func('Easy’', 3)
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Solution,

Python
EasyEasyEasy

16.  Predict the output of the following code fragment ?
def check(nl=1, n2=2):
nl=nl+n2
n2+=1
print(nl, n2)

check()

check(2, 1)

check(3)
Solution.

33
3
5:3

17.  What is the output of the following code?
a=1
def f():
a=1@
print(a)

Solution. The code will print 1 to the console.
18.  What will be the ontput of following code?

def interest (prnc, time =2 , rate =0.18) :
return (prnc * time * rate)

print(interest (6188, 1))
print(interest (5000, rate =8.85))
print(interest (5868, 3, 8.12))
print(interest (time =4, prnc =5000))

Solution.
610.0
500.0
1800.0
2000.0

19. Is return statemenf optional ? Compare and comment on the following two return statements :

return
return val

Solution. The return statement is optional ONLY WHEN the function is void or we can say that when
the function does not return a vaiue. A function that returns a value, must have at least one refurn
statement,
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From given two return statements, staternent
return

is not returning any value, rather it retums the control to caller alomg with empty walue None. And
the statement -

return val
is returning the control to caller along with the value contained in variable nl.

20, Wrile a function that lakes a positive integer and returns the onc's pesition dig:t of the mbeger.

Solution.
def getOnes(num):
# return the ones digit of the integer num
onesDigit =num% 18
return onesDigit

21.  Wrilea function that receives an octal number and prints the equivalent nunher in atier number bases 1 am
decimal, binary and hexadecimal equivalents.

Solution.

def oct2others(n) :
print("Passed octal number :7, n)
numString = str(n)
decNum = int( numString, B)
print("Number in Decimal :", decNum)
print("Number in Binary :", bin(decNum))
print(“Number in Hexadecimal :", hex(decNum))

num = int (input(“Enter an octal number :"))
oct2others(num)

Please recall that bin( ) and hex( ) do not return numbers but return the string-representations of
equivalent numbers in binary and hexadecimal number systems respectively.

22. Writea program that generates 4 terms of an AP by providing initial and step values ta a function that returns

first four terms of the series.
Solution.

def retSeries(init, step ):
return init, init+step, init+2%step, init+3*step

ini = int(input("“Enter initial value of the AP series : "))

st = int(input(“Enter step value of the AP series :"))

print("Series with initial value”, ini, “& step value", st, "goes as:")
t1, t2, t3, ta= retSeries(ini, st)
print(til, t2, t3, t4)
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GLOSSARY

e ————
. Argument A value provided fo a funclion In the funcfion coll staternent:
Flow of execution The order of execution of slalements during a progrom run.
Parameter A name used Inside o function to refer fo [he volue which wos passod fo il 03 a1 S
Function Named subprogram Ihot acls on dala and often relurns o valua.
! Actual Argument  Argument
Actual Parameter Argument
" Formal Parameter Poromeler
- Formal Argument Parometer ’
. Scope Program parls) in which o parlicular piece of code or o dala value (e.g.r variable) can be occessed.

Assignment

Type A : Short Answer Questions/Conceptual Questions

1. A program having multiple functions is considered better designed than a program without any

functions. Why 7
What all information does a function header give you about the function 7

3. What do you understand by flow of execution ?

4. What are arguments ? What are parameters ? How are these two
example.

5. What is the utility of :
(i) default arguments,

(if) keyword arguments 7
Explain with a code example the usage of default arguments and keyword arguments.

Describe the different styles of functions in Python using appropriate examples.
Differentiate between fruitful functions and non-fruitful functions.

Can a function return multiple values ? How ?

10, What is scope ? What is the scope resolving rule of Python ?

11. What is the difference between local and global variables ?

12. When is global statement used ? Why is its use not recommended ?

13, Write the term suitable for following descriptions :

(a) A name inside the parentheses of a function header that can receive a value.
(5) An argument passed to a specific parameter using the parameter name.
(c) A value passed to a function parameter.

(d) A value assigned to a parameter name in the function header.

terms different yet related ? Give

W m g oo,

() A value assigned to a parameter name in the function call.
() A name defined outside all function definitions.
(¢) A variable created inside a function budys.s
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1. What are the errors in following codes ? Correct the code and predict output :

(@) total = 8;

(b) def Tot(Number)

#Method to find Total

def sum( argl, arg2 ): Sum = @
total = argl + arg2; for C in Range (1, Number + 1) :
print(“Total :", total) Sum 4= C

return total; RETURN Sum

sum{ 18, 2@ );
pr int("Total :", total )

print (Tot{3])
print (Tot[6])

#Function Calls

|CBSE D 2015

2, Consider the following code and write the flow of execution for this. Line numbers have been given for

your reference.

def power(b, p):
y=b**p
return y

)

def calcSquare(x):
a = power(x, 2)
return a

n=5
result = calcSquare(n)
11 print(result)

3. What will the following function return 7

def addEm(x, ¥, Z):
print(x+y+2)
4. What will the following function print when called ?
def addEm(x, y, Z):
returnx +y + Z
print(x + y + Z)
5. What will be the output of following programs ?
() num=1
def myfunc():
return num
print(num)
print(myfunc())
print(num)

LT - - TV, R - R

=
=

(i)

(i) num =1
def myfunc(): (i0)
global num
num = 1@
return num
print(num)
print(myfunc())
print(num)

num =1

def myfunc():
num = 18
return num

print(num)

print(myfunc())

print(num)

def display():
print("Hello", end = il

display()

print("there!")
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6. Predict the output of the following code :
a=10
y=3

def myfunc():
y=a
a=2
print("y =", y, "a=", a)
print("a+y =", 3a+Y)
return a +y

print("y =", y, "a=", a)
print(myfunc())
print("y =", y, "a =", a)

7. What is wrong with the following function definition 7

def addEm(x, y, 2):
return x +y + Z
print("the answer is", x +y +2)

8. Write a function namely fun that takes no parameters and always retums hices

9. Consider the code below and answer the questions that follow :
def multiply(numberl,number2):
answer = numberl*number
print(numberl, 'times',number2, =, answer)

return{answer)
output = multiply(5,5) .
(i) When the code above is executed, what prints out ?
(i) What is variable output equal to after the code is executed ?
10. Consider the code below and answer the questions that follow :

def multiply(numberl, number2):
answer = numberl ¥ numberz

return{answer)
print(numberl, ‘times’, number2, '=',answer )

output = multiply(5,5)
() When the code above is executed, what gets printed ?
() What is variable output equal to after the code is executed ?
11. Find the errors in code given below :

(a) def minus(total, decrement)

output = total - decrement

print(output)

return (output)

(¥) define check()
N = input ('Enter N: ')
i=3

answer =1+i**4 /N
Return answer

57
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(¢) def alpha (n, string ='xyz', k = 10) :
return beta(string)
return n

def beta (string)
return string == str(n)

print(alpha("Valentine’s Day"):)
pr‘int(beta {5tr‘ing ="' true ')]
print(alpha(n = 5, "Good-bye") :)

12, Draw the entire environment, including all user-defined variables at the time line 10 is being executed
1. def sum(a, b, ¢, d ):

2. result = @

3, result =result+a+b+c+d

4, return result

5.

6. def length():

7. return 4

E.

9, def mean(a, b, c, d):

10 return float(sum (a, b, c, d))/length()
11.

12, print(sum(a, b, c,d), length(), mean(a, b, c, d))
13. Draw flow of execution for above program.
14. In the following code, which variables are in the same scope ?

def funcl():
a=1
b=2
def func2():
c=3
d=4
e=5
15. Write a program with a function that takes an integer and prints the number that follows after it. Call
the function with these arguments :
4, 6,8 2+1, 4-3%2 32
16. Write a program with non-void version of above function and then write flow of execution for both the
programs.
17. What is the output of following code fragments ?
() def increment(n):
n.append([4])

return n
L=11, 2, 3]
M = increment(L)
print{L, M)
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(if) def increment(n):
n.append([49])
return n[@], n[1], n[2], n[3]
L = [23, 35, 47]
ml, m2, m3, md = increment(L)
print(L)
print(ml, m2, m3, md)
print(L[3] == m4)

Type C : Programming Praclice/Knowledge based Questions

to-rupee conversion price; it then returns jhe

Write a function that takes amount-in-dollars and dollar- :
nd non-void forms.

amount converted to rupees. Create the function in both void a
Write a function to calculate volume of a box with appropriate default values for its parameters, Yoy
function should have the following inpul parameters :

(a) length of box ;  (b) width of box ; (c) height of box.
Test it by writing complele program to invoke iL.
Write a program to have following functions :

(i) a function that takes a number as argument and calculates cube far it. The function does not
return a value. If there is no value passed to the function in function call, the function should

calculate cube of 2.

(i) a function that takes two char arguments and returns True if both the arguments are equal
otherwise False.

Test both these functions by giving appropriate function call statements.
Write a function that receives hwo numbers and generates a random number from that range. Using this
function, the main program should be able to print three numbers randomly.

Write a function that receives two string arguments and checks whether they are same-length strings
(returns True in this case otherwise false).

'r"u:rite a function namely nthRoot( ) that receives two parameters x and » and returns nth root of x ie,
xn,
The default value of nis 2.

Write a function that takes a number # and then returns a randomly generated number having exactly

digits (not starting with zero) e.g., if 1 is 2 then function can randomly return a number 10-99 but 07, 02
etc. are not valid two digit numbers.

Write a function that takes two numbers and returns the number that has minimum one's digit.

[For example, if numbers passed are 491 and 278, then Lhe function will return 491 because it has got
minimum one’s digit out of two given numbers (491's 1 is < 278 8)].

Write a program that generates a series using a function which takes first and last values of the series

and then generates four terms that are equidistant e.g., if two numbers passed are 1 and 7 then function
retums 1357,
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