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Lecture — 08
While Loop in Python
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* Using while Loop in Python

|  While Loop is used to repeat a block of code multiple times until certain condition is met
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Welcome to the 7th lecture on Computational Mathematics with SageMath. In this lecture, we
are going to look at using While Loop in Python. While loop is used to repeat a block of codes
multiple times until certain condition is met. So, we need to give the conditions and as long as
that conditions, (it may be one condition or several conditions) are satisfied you need to execute
a block of codes.
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elements of a list/tuple/set/dictionary. In python “for loops" are called iterators.

Generic Syntax of while loop is given by
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If you recall the for loop, actually it was used to iterate over elements of a list or a tuple, it
could be a set or dictionary, and that is why in python for loops are also known as iterators.
The for loop is more appropriate, when we know number of iterations in advance. Whereas, in
many cases the number of iterations which is required in order to execute a particular task is
not known and in that case we can use while loop. So, the while loop is preferred where the
number of iterations is not specified. Of course, in case of for loop where we saw that in case
the number of iteration is not known, we can break the iteration once certain condition is

satisfied.

So, now let us look at how to use while loop. So, generic syntax for while loop is given by this.
While, you can write inside the bracket or without bracket one condition or more than one
conditions, and then you execute statement1 statement2 and so on. So, this is the block of codes

that will get executed as long as this condition is satisfied.
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Let us look at a very simple example. Suppose we want to print 1 to 10 using a while loop, so
how we are going to do? We will say while i is less than equal to 10, print i and increment i by
1 and you need to also initialize i equal to 1. So, how will this loop run? So, first it will check
I, since i is equal to 1, which is less than equal to 10, it will go to the next, that means, it will

print 1 and then i will become i plus 1, i plus equal to 1 is same as i is equal to i plus 1.

Now, i will become 2 and then since 2 is less than equal to 10, it will print 2, and then i will
become 3 and so on. So, as long as i is less than equal to 10, it will print i, the moment i becomes
more than 10, that is, 11 then this loop will stop. Let us execute this and you can see here you
will get 1 to up to 10. In case we want to have more conditions, then we can put more conditions

combined by or and. That we will see it later.
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Now, let us look at an example. The example is to find the number of years for an investment
of 20000 to become double using compound interest rate at 5 percent calculated annually. This
we have seen using for loop, and in this case we used actually break statement when the
investment became double. But natural thing is to use while loop; and how do we use while

loop?

First you define the principal amount that is, 20000, interest rate 5 percent and you calculate
the amount using this formula. This we have done many times earlier and as long as this amount

is less than 2 times the principal you run this.

Of course, after you find the amount, you print the amount in those number of years. Since we
are applying condition on amount this amount has to be initialized, so we have initialize amount
to be the principal value, it will work for any initial value as long as it is less than 2 times the

principal.
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You need to increment the number of years, so let us run this. Then you run this you will get
after 1 year, amount is this, | think there is spelling mistake in the amount. The amount after 1
year is 21000, after 2 years is 22050 and so on after 15 years amount becomes 41000 which is
just more than double of the 20000 and therefore, it has come out of this loop.

So, in this case you see that we do not know how many years it is going to require in order to
become the investment double and that is why we are using for loop.
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In case | reduce the interest rate for example, let me make it 4.5 percent and run this. In this

case, the number of years required is 16 years, whereas, in case of 5 percentage it was 15 years.
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Example: Use while loop to find the ged of two integers a and b
g
g
L
xist
=z else:
if(b==9):
* gd=a
else:
if(acd):
3,b=b,2
while(a%b!=0):
a,b=b, akb
gd=b

?f) print(ged)
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Let us look at another example. The next example is to find gcd of two integers a and b. GCD

stands for greatest common divisor. So, if you have two integers, find all the divisors of a and

b, positive divisors actually, and find the one which is the greatest among the two divisors, the

divisors of a and divisors of b. That is what is called greatest common divisor.



Now, in case one of them let us say a is 0 and b is nonzero, then the greatest common divisor
will be b. In case b is 0, a is nonzero, the greatest common divisor will be a. In case both are
0, a and b both are 0, then any integer divides 0 and therefore, there will not be any greatest

common divisor. So, you can say that greatest common divisor does not exist in this case.

There are different ways of finding greatest common divisors, one can list all the divisors or
you can use division algorithm. That means, let us assume that a is greater than b, then you
divide a by b and in case the remainder is 0, b is the greatest common divisor, provided b is

positive.

First of all we will use that greatest common divisor of a and b is same as greatest common
divisor of mod of a and mod of b. It is better, you can take a and b to be positive, in case they

are negative you can convert into its modulus.

In case b does not divide a, you will get remainder, suppose the remainder is r, then next time
you divide b by r, and then look at, in case the remainder is O the gcd will become r. You
continue this process until the remainder becomes 0. This is one algorithm to find gcd of two
integers. This is known as division algorithm. So, let us see how we can make use of division

algorithm in order to write program for finding gcd.
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This is how we can write. First we have, let us say a is 24 and b is let us say 66. And a and b
will take the absolute value of a and the absolute value of b, because it is possible that one of

them is negative or both of them are negative.



For example, let us say b is minus 66. Convert a and b to absolute value. In case a is 0 then
check whether b is 0, if b is 0 then a and b both are 0, in that case gcd does not exist. In case b
IS nonzero, then gcd is b. Similarly, if a is nonzero then check b. If b is 0 then gcd will be a,
otherwise it means, both a and b are nonzero, in that case we will first check whether a is

bigger than b. In case a is less than b, you interchange a and b and then apply division algorithm.

So, division algorithm means, divide a by b, and in case the remainder is 0 you find out the
remainder, that is a by b and store that in b and then a will take value of b. And then once the
remainder is 0 then it will come out of this loop and then you print what is the last value, that
is the last value here b and that is b is nonzero and since a and b both are positive, you will get

the gcd. Let us execute this. In this case gcd of 24 and minus 66 is 6.
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For example, if | put b equal to 0, gcd will become 24.
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L else:
if(b==8):
ged=a
D else: |
if(a<b)
a,b=b,a
» while(a%b!=0):
a,b=b, aXb

gd=b
print(gcd) 1
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If | put a and b both 0, gcds will not exist.
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a), abs(b)
g
ged = 'ged does not exist
else:
gd=b
s else:
if(b==0):
ged[=a
D else:
if(ach
3,b=b,2
» while(a%b!=8):
a,b=b, 2%

gd=b
print(ged) ‘
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If I have a is equal to 0 and b is equal, let us say minus 7, then gcd will become 7.

Now, suppose we want to define user defined function for gcd. We have already seen there is

a user defined function, gcd in the math module.

But suppose we want to create our own user defined function, let me call this as mygcd. So,

then in that case if you input a and b two integers a and b then it should give me the output. So,



in this case what you can do is, you can simply copy paste this inside the body of the function

and of course, you need to indent this. And instead of print gcd, | will say return gcd, So, let

us see.
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1: | def myged(a,b)
a, b = abs(a), abs(b)
if(a==0):
if(b==0):

else:
ged=b
else:
if(b==8)
ged =2
else:
if(ach
a,b=b,a
while(a¥b!=0):
a,b=b, ath
ged=b
return ged .
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| have called this as mygcd a and b, and if you noticed | have simply copied this particular code

from the above syntax and put it here and at the end | am just saying return gcd.
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else:
if(b==0):
ged = a
else:
if(ach):
3,b=b,2
while(a¥b!=8)
a,b=b, a%
gd=b
return ged

nyged(204,-176)
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Let us run this. Suppose we call this function mygcd of 204 and minus 176, the answer is 4.
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else:
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)
gd=b
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return ged
D myged(284,8
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Suppose, this is 0, then it will give me 204, if both are 0 it will say gcd does not exist. So, this
is how you can make use of this division algorithm to find gcd and we have created user defined

function for the same.
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Example: How many tosses are rquired to get sixes on both the faces if two six faced dice are tossed together?
)
L
D fosses = 1
from random import sample
sample(range(1,7),1)[8]
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Let us look at another example, the example is how many tosses are required to get sixes on
both the faces, if two 6 faced dice are tossed together. So, if you are tossing two dice together

and on both you want 6, how many times you need to toss in order to get one? But of course,



you can see that this will vary, sometimes you can get the both the sixes in first toss itself or

you may not get after so many tosses also.

Now, in order to do this problem, for tossing, we will generate a random number between 1
and 6 and that random number can be thought of as a outcome on the face of a dice when it is

tossed.
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Let us see, there is function called, sample inside random module. So, for example, 1 will say
import sample from random module, and then if | use sample range 1 to 7, that means, 1, 2, 3,

4,5, up to 6 and this is the how many you want out of these numbers.
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D from random import sample
sample(range(1,7),8)
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If I want to take a sample of 3 from 1 to 6, it will get, sorry it will be 3 here. So, you will get

a list of 3 random numbers.
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from random import sample
sample(range(1,7),3)

» [2, 6, 1]
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If I do once more | will get another 3 numbers.
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from random import sample
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If I want to generate only one, then I will put here 1.
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sample(range(1,7),1)[8]
&q 1

]t s=2

°° tosses=0

while(s 1=12):

nl, n2 = sample(range(1,7),1)[@], sample(range(1,7),1)[8]

B s = nln2

tosses = tosses + 1
print(tosses)

e
.?f‘,‘A “ee

é@@ Python 3 | dle Saving completed Mode:Command @ Ln 1
8P TBY Type here to search ot B "R e TEM A8 "\'(I

So, | will take the first element of that that is Oth index and that you will get this.

So, now we will make use of this in order to find how many tosses are required in order to get

both sixes.

So, we can use again while loop. When we use while loop, first we need to initialize the number

of tosses which is equal to let us say 0, and we generate two numbers n1 and n2, which is the



sample from 1 to 7, one sample, and Oth element, that is, that take the number, We have done

already here. So, this will generate n1 and n2 and then find S to be n1 plus n2.

Now, in case both n1, n2 are 6 the sum will become 12. So, in case sum is equal to 12 you need
to come out of this, otherwise you need to run this again. As long as s is not equal to 12 you
continue this process and that is why s has to be initialized. You can initialize anything less
than 12, but | have initialized equal to 2, which is that is the minimum value that you can get

when you toss two dice together.
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while(s 1=12):

So, let us run this. So, when you run this first time 56 tosses are required.
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print(tosses) I
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I run once more, this time 47 tosses are required.
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If | run once more 22.
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90 tosses=8

while(s 1=12):

nl, n2 = sample(range(1,7),1)[@], sample(range(1,7),1)[€]

o s = nlsn2

tosses = tosses + 1
print(tdsses)
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If | runs one run once more it is 118.

Of course, it will vary, the number of tosses is not same because it is a random. This is a simple

game that can be generated using this.

(Refer Slide Time: 15:24)

X+ - 0 X
C O localhost8388/leb ax Q:
B A MGrsl @ oise BY igs

o File Edit View Run Kemel Tabs Settings Help

.a+§(Fc[j»|c»Codev Python3 Q
tosses = tosses + 1
print(tosses)
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sothat Sy — Sy < 107
* from math import factorial, exp

print(exp(1))

2.718281828459845
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Now, let us look at another example. All of you must have seen this series summation one upon
n factorial, n going from 0 to infinity. This actually converges to an Euler number which is e,
which is denoted by e and its value 2.718 something. So, we want to find the value of this Euler

number within certain range, which is correct up to certain decimal number of decimal places.



If you see here, we cannot find infinite sum. So, in this case what we will do is, we will define
what is called partial sums Sn, and this is a sequence actually. So, Sn converges to e as n goes

to infinity, that is, what you have. Also it is increasing sequence.

And if you look at Sn and Sn plus 1, the Sn plus 1 will have much better approximation than
Sn. If I look at Sn plus 1 minus Sn, that is, the error term, you can think of. That error term,
once it is less than 10 power minus 4, you can stop.

So, let us see how we can make use of this. First of all, let us find out what is the value of
exponential 1, that is Euler number, and since we are going to make use of factorial, we know
that it exist in math module. So, we will import both exponential and factorial functions. And
the value of exponential of 1 that is, Euler number, is 2.7182818284 dot dot, this is up to certain

number of decimal places.
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Now, let us use while loop. This is the error term we are thinking. So, this error if it is less than
10 power minus 4, we have to stop. We initialize the error as 1, and the tolerance we have, 10

to power minus 4. Let me change this to 10 to power minus 4.
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from math import factorial, exp
o print(exp(1))
2.718281828459045
B
error = 1
tol = le-4
°° eval = 1
n=1
while(error>=tol):
D error = 1/factorial(n)
eval = evalserror
n=n¢

(2.71827876984127, 9 ‘
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The eval, that is the approximate value of exponential of 1. So, that again is initialized as 1. So,

now initialize as 1 which is nothing but 0 factorial, 1 upon 0 factorial.
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o
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while(error>=tol):
D error = 1f
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So, while error is bigger than the tolerance, you find out, one upon n factorial which is actually

the error, the error is 1. And since we are starting at n equal to 1, this is will be error.

So, first time 1 upon 1 factorial is 1. We started with 1, so this will become 2. Now, this error

is greater than equal to tolerance, so again it will go to this place and run. Of course, you need



to increment n by 1 and let us say evaluate this. If I evaluate this after 9 terms, we have got

this correct up to 4 decimal places.
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from math import factorial, exp
° print(exp(1))
2.718281828453845
B
error = 1
tol = le-18]
°° eval = 1
n=1
while(errory=tol):
O error = 1/factorial(n)
g”

(2.71828182845823, 15)
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If 1 change this to next let us say, 10 and then the number of terms which are required is more,

so this is 15 in this case.
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from math import factorial, exp
0 print(exp(1))

2.7182818284590845

B
error = 1
tol = le-20
9 eval = 1
L
n=1
while(error>=tol):
D error = 1/factorial(n)
eval = evalserror
n=ndl

* eval, n

(2.7182818284380435, 23]
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If | change it to let us say 20 then it will require more number of iterates which 23. So, of

course, in this case the convergence is quite fast and that is what you can see.
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Use of break and continue with while loop

Example: Write a python code to find the sum of positive integers starting with 1 which are not divisible by 2 and 3. Stop when the sum

exceeds 1000,

5=0
while True
i=ixl
O iF(i% 2 =B or i¥3 == @):

continue

if(s>2008)

* break !

77 1814
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Let us look at another example. In this example now we will make use of break and continue
with while loop. We have seen in the last lecture, we can make use of break and continue with

for loop.

What does break do? It breaks the loop at intermediate stage in case certain condition is satisfy.
What does continue do? It skips execution of that particular iteration. You can make use of
break and continue along with while loop as well.

So, let us take a simple example. In this example, we want to write a python code to find the
sum of positive integers starting from 1 which are not divisible by 2 and 3 both, and stop this
when the sum becomes more than 1000.

So, let us see how do we make use of this? We will start with i equal to 0, the sum is equal to
0, and while true, this is actually infinite loop. So, while true, you increment i by 1. Since i
equal to 0, this will become i equal to 1 and check whether it is divisible by 2 or divisible by
3. In case it is divisible by any one of these 2 or 3, then you skip because you want something
which is not divisible. So, you skip that, that is use continue and then otherwise you add i to
s, s was 0 in initially, so s will become s plus 1 in the first case. In case this s is more than
1000 then you break. So, in this particular code we are making use of both continue as well as
break. So, let us run this. When we run this, and let us now print what should be the number of

integers i such that from 1 to i the sum of the all these integers which are not divisible by 2



and 3 becomes more than 1000. This is 77. Instead of 1000, if | want let us say 2000 then

you will require more iterations more number of integers, in this case it is 109.
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break

print(i,s

109 2853

Use of else with loops

Python supports use of else with loops.

e is used with a for lopp, then it is executed when the fo

If the else is used with a while loap, then it is executed when the condition becomes false.

Now, we can also make use of what is known as else along with any loop, for loop and while

loop inside python. This is a very nice feature. Many times when none of the condition inside

for loop or while loop are satisfied then you can make use of else, then you display some

condition.

So, what does it say? In case, else is used with for loop then it is executed when for loop finishes

iterating. So, if all the iteration are over and then only this will get executed. Similarly, in case

of while loop, if you use else with while loop then it gets executed when the condition becomes

false. So, if all the conditions inside the while loop are false then it will execute.
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Example: Check if there is a prime number b

def isPrime(n):

B ifnc2
return False
ifn=2:
°° return True
if n X 2 ==0:
return False
for k in range(3, int(n**e.5)#1,2):
= if n % k ==
return False
* return True

%,

.
B
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So, let us use this. Let us look at an example of finding a prime between two integers. In case

there is no prime, then you print that that the prime does not exist between the two integers a

and b. So, we will make use of isPrime function which we created in the last lecture.
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return True
if n X 2 ==0:
return False
for k in range(3, int(n**8.5)+1,2)
if n % k ==0:
return False

5

return True
% a, b= 200, 218

for k in range(a, bsl):

me"
O
* between {a} and {b
ere is no prine between 200 and 218

Co )
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Mode: Command
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Now what do we do? We have a is equal to 200 and b is equal to, let us say 210, and for k

between a and b, b included, check whether the number k is prime. In case it is a prime then

you print it is a prime number and you break, otherwise if you cannot find prime then you use

else and then print that that there is no prime between a and b. So, if |

execute this it says that



the prime between 200 and 210 does not exist. That means, every number between 200 and

210 are composite number.
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return False
for k in range(3, int(n**9.5)41,2):
0 if n %k =0
return False
return True

B
a, b =200, 211
for k in range(a, bs1):
4 %
o ,
a prime’)
O else

print(f'There is no prime between {a} and {b}')

» 211 is a prise

I Example: Find two integers m and n with n — m = 100 such that there is no prime between m and n. 1

o{%}@ Python 3 | Idle Saving completed Mode:Command @ [n1
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Suppose, instead of 210, if | make 211, then 211 is actually a prime number. Suppose you
want to increase that length, instead of 210, we want to make it 100. So, between two

consecutive 100 integers if there is no prime you want to find such range.
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3, b= 200, 211
o for k in range(a, bsl):

if isPrime(k):
print(f'{k} is a prime')

Eq break

else:

print(f'There is no prime between {a} and {b}')

o,
o

211 is a primse
Example: Find two integers m and i with n — m = 100 such that there is no prime between m and n.

N = 10"
for i in range(2, N)

for k in range(i, i+101): .
if isPrime(k):
break

print(f'There is no prime between {i} and {i+160}')
.....
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So, let us see. We start with let us say, we want 100.
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We know that there many primes between 1 and 100, so 100 is not going to work. So, let us
try with 1000. So, between 1 and 1000, is there some range, let us say k and k plus 100 such
that there is there are no primes between these two. So, how do we do that?

We will use nested for loop. So, first this is the loop which is just very similar to what we have

here, in this case instead of a and b we are using i and i plus 101.

Then you do from 1 to 1000, 1 to 1000, so it will with 1000, then then see. If this does not
happen, if it is unable to find any interval of length 100, that is, consecutive 100 integers which
does not have prime number, then it will show that is 1000 is not enough. You give a larger
range. So, let us run this.

(Refer Slide Time: 25:25)
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N = 0%
0 for 1 in range(2, N):
for k in range(i, i+181):
if isPrime(k):
Q break
5 else:
print(f'There is no prime between {i} and {i+188}')
break
)
L else:
print("Choose a larger range")
D Choose a larger range
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So, it says that you choose a larger range. Now instead of 1000, let us make it to the power 4
that is 10000. Still, it is unable to find.
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6]: [N = 18%%5 ]
o for i in range(2, N):
for k in range(i, i+181):
if isPrime(k):
E‘i‘ break
else:
print(f'There is no prime between {i} and {i+100}')
break

“ﬂ else:

print("Choose a larger range")

Choose a larger range
[ ger rang

»
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Let us make it, to the power of 5 and then it takes little while and it is still not able to find. Let
us make power 6, it should be able to find in this case, but it will take more time to run, because
there are so many iterations it has to run.

(Refer Slide Time: 25:44)



upytesLzb X + - 8 x
C O localhostssaslsb g% @
i oapgs M Gmal @ Youlube [ Meps

: File Edit View Run Kemel Tabs Settings Help

.E¢§(FD|‘_’|>IS»CM1@ v Python3 Q
[37]: [N = 187
o for i in range(2,
for k in r islel):
if isPrime(k):
B
else:
print(f'There is no prime between {i} and {i+18@}')
o break
o else:

print("Choose a larger range")

] l There is no prime between 376262 and 378362
* Use of else with while loop.
Example: Toss a sixed faced dice six times. If you get 6 you win otherwise you loose 1
e
&@@ Python 3 | Idle Saving completed Mode:Edt @ 1n7,
&P T 1ype here o search O B n €O TEHMN ~ 8 S

Of course, you can make this procedure faster. It is still running. Yes now it has found. So, you
can it has found that 370262 and 37036, between this range you cannot find any prime.

Of course, if they want the length not 100, but 1000 then it will require even larger range.
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Use of else with while loop.

o Example: Toss a sixed faced dice six times. If you get 6 you win otherwise you loose.
g‘ from random import sample
i=1
o [e]
° 134
|
: 1#=1
else:
* nt( o

*You lose')
oo
NF @ python3|lde Saving completed Mode: Command @
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Similarly, you can make use of else with while loop also. Suppose, you want to toss a 6 faced
dice 6 times and in case you get 6 you say you win otherwise you will lose. This is a very

simple thing. So, how we have made use of else here?

So, you started with initially the toss is equal to 1 and in case this toss is less than equal to 6,

keep on tossing and in case the face value is equal to 6, then you print you win and break,



otherwise you increment i by 1. And in case it is unable to find within this 6 tosses, any 6 then
you say you lose. So, again we are making use of sample function, taking one sample from 1

to 6. So, you win.
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Use of else with while loop.

0

Example: Toss a sixed faced dice six times. If you get 6 you win otherwise you loose.

b“ from random import sample
i=1
while(ic=6):
% face = sample(range(1,7),1)[8]

if(face==6):
print('You win')

(| break
=1 I
else:
* print('You lose')
You lose

[ F

ds LT}
5@@ Python 3 | Idie Saving completed Mode:Command @ Ln1,

&YPTB1ype hereto search cxrArm€eCTEE ~ B h(
I | say again time you lose.
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Use of else with while loop.

0

Example: Toss a sixed faced dice six times. If you get 6 you win otherwise you loose.

EQ from random import sample
i=1
while(i¢=6):
°° face = sample(range(1,7),1)[e]

if(face==5):
print("You win')

O break
is=1
else: I
* print(‘You lose')
You win
"o

Js LX)
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If | say again, this time you lose.
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Use of else with while loop.

0

Example: Toss a sixed faced dice six times. If you get 6 you win otherwise you loose

B from random import sample
=1
while(ic=6):
o° face = sample(range(1,7),1)[8]

if(face==6):
print('You win')

D break
ip=1
else: I
* print('You lose')
You win

3 LX) ’
0 ©  Python3|Idle Saving completed Mode: Command @ Ln1,i
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If I run again, you win.
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Use of else with while loop. i

0

Example: Toss a sixed faced dice six times. If you get 6 you win otherwise you loose

B from randon inport sample
i=%
while(ic=6):
90 face = sample(range(1,7),1)[8]
if(face==6):
print('You win')
break
O i4=1
else:
* print("You lsse')
You win

5

g
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Again, you win. So, what it says, is most likely when you toss 6 times one of the thing will
you will get as 6.
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Finding a root using the Newton-Raphson method
% The Newton-Raphson scheme starting with an initiall gt
Xn+|
-
(. 3 5
Example: Find x> = 3x + ¢* = 0 using the Newton-Raphsom scheme. Use while loop to terminate the iteration scheme
* nen no of iter / <10 ;
6 ¥,
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Let us look at one last example, of finding root using Newton-Raphson method. | am sure this
you must have already seen. So, if you have a function f(x) equal to 0 and you want to find a
root of this, that means, find a value of x such that f(x) equals to 0, one can use what is known

as Newton-Raphson method.

So, you start with some initial guess value x0. Of course, you need to know the convergence
criteria for this, not every initial guess, and not every function will have the convergence. But
at present I am not telling, you what should be the convergence criteria and all that. I hope you

already know it. So, this is the Newton-Raphson scheme.

You start with x0, and then define x n plus 1. For n equal to 0, x n plus 1 is x1, which is x0
minus f at f at x0 divided by f dash at x0, of course you need the function to be differentiable.

And the next time you once you get x1 you find out x2 and so on.

So, let us make use of this iteration scheme for f(x) equal to x square minus 3x plus e to the
power minus 2 x. And in this case, let us make use of while loop, and we do not want to do too
many iterations. So, maximum 20 iterations or if the value of the function becomes less than
10 to the power minus 5. This is an absolute value because the function value can be negative.

So, in absolute value if it is less than 10 to the power minus 5 you stop. So, how do we do this?

(Refer Slide Time: 29:13)
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So, let us write a user defined function for this. So, the name | am giving is Newton-Raphson
and you input f, you need df, that is, derivative of f, initial guess, maximum number of iteration,

as | said is 20 and the tolerance which is the 10 to the power minus 5 in this case.

So, once you have entered this, define fO to be f at x0, iteration number is 0 and apply while
loop. So, while the absolute value of f(x) is bigger than the tolerance, because we want in case
the tolerance is f(xk) is less than 10 to the power minus 5 k then you stop. Therefore this has
to run as long as the value of the function in absolute value is bigger than tolerance. And the

number of iteration is less than equal to 20.

So, if if both these conditions are satisfied then it has to run. If any one of this is false, that
means, if this value becomes less than the tolerance or this value becomes the iteration becomes
more than 20 then you stop. And then what you do? You define x1 to be X0 minus f at x0
divided by df at x0, and then, again you value of x1 you put it in X0, f at x0, you recalculate

and increase the iteration number.

And at the end | am just saying that in case the number of iteration is less than the max_it then
it has converged. If that does not happen then it has not converged. So, this is going to be true

in case the convergence is obtained within 20 iterates and false otherwise.



So, and it returns the value x0 that is, the x n plus 1, and then true or false depending upon
whether it converges or not and then in case it converges the number of iterations, So, let us

run this.
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converged = itremax_it

Ec,‘ return x8, converged, itr

Next let us call this function. So, let us first define this function. We are defining this function

using not def, but using lambda.

So, this is another convenient way of defining a function quickly. So, this is f is equal to
lambda, f is the name of the function and this is the argument, and the output that is returned
which is x to the power 2 minus 2 x plus exponential of minus 2 x and that is why we are

importing exponential.
Similarly you define derivative of the function in df, again using lambda function.

And then call this function Newton-Raphson, f, df, and initial guess, let us say, | make initial
guess is equal to 10, and the tolerance limit | have is equal to 5.



(Refer Slide Time: 31:59)

C O localhost®

e MGl @

Z e Edt Vew Run Kemel Tabs Setings Help

.B+§(|’DDDIC»Codev Python3 Q
WILIE{aUS | T [A0] 75tV @Iu TN _IL T
x1 = x8-f8/df(x8)
X8 = x1
0 9 = (xe)
itr 4= 1
converged = itrcmax_it
Eq return x@, converged, itr
[ .
ol : | from math import exp

f = lambda x: x**2-3*xsexp(-2"x)

df = lambda x: 2*x-3-2%exp(-2*x)

sol, converged, itr = Newton_raphson(f,df, ld,:alzJ.E'lE)

if converged: I
print(f'Newtons method converged in {itr} iterstions’)
print(f'The soluntion is {sol}')

else:

O

»

print(f'Newtons method did not converge')
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x1 = x8-f8/df(xe)
X8 = x1
0 9 = £(xe)
itr 4= 1
converged = itrcmax_it
Eq return x@, converged, itr
() .
ol : | from math import exp

f = lambda x: x**2-3*xsexp(-2"x)

df = lambda x: 2*x-3-2*exp(-2*x)
D sol, converged, itr = Newton_raphson(f,df, 10,tol=1e-5)

if converged:

print(f'Newtons method converged in {itr} iterstions’)

* print(f'The soluntion is {sol}')

else:

print(f'Newtons methed did not converge')
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And then let us print in case it converges, if converged; that means, if it is true value then you
print that the Newton methods have converged and with so many iterations. And also print
what is the solution you have got otherwise, you print that it has not converged.
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x1 = x8-f8/df(x@)
X8 = x1
° f8 = f(x8)
itr =1
converged = itr¢max_it
Eq return x@, converged, itr
[
i} from math import exp

f = lambda x: x**2-3*x+exp(-2"x)

df = lasbda x: 2*x-3-2%exp(-2*x)
D sol, converged, itr = Newton_raphson(f,df, 10,tol=1e-5)

if converged:

print(f'Newtons method converged in {itr} iterations')

* print(f'The soluntion is {sol}') l&

else:

print(f'Newtons method did not converge')

Newtons method converged in 6 iterations
The soluntion is 2.9991721520684515
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So, let us run this. When you run this it says that it this has converged in 6 iteration. If | increase

this, let us say, if I make it 15, then it has convergence in 6.
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x1 = x8-8/df(xe)
X8 = x1
(] )
itr 4= 1
converged = itrcmax_it
b“ return x@, converged, itr
°¢ from math import exp

f = lambda x: x**2-3*xsexp(-2*x)

df = lambda x: 2*x-3-2%exp(-2*x)
D sol, converged, itr = Newton_raphson(f,df, 18,tol=le-15)

if converged: -

print(f'Newtons method converged in {itr} iteratidns')

* print(f'The soluntion is {sol}')

else:

print(f'Newtons method did not converge')

Newtons method converged in 7 iterations
The soluntion is 2.9991721516764675
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And if I make it let us say the initial guess very far, let us say 1000 then it has required 14

iterations.
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X1 = xo-fa/df(x8)
X8 = x1
o 9 = £(x0)
itr 4= 1
converged = itr<max_it
B return X8, converged, itr
°¢ from math import exp

£ = lambda x: x**2-3*xsexp(-2*x)

df = lasbda x: 2*x-3-2*exp(-2*x)
() sol, converged, itr = Newton_raphson(,df, 1699, tol-1e-15)

if converged:

print(f‘Newtons method converged in {itr} iterations')

* print(f'The soluntion is {sol}')

else:

print(f'Newtons method did not converge')

Newtons method converged in 14 iterations
The soluntion is 2.9991721516764676
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X1 = x0-fo/d(xe) ‘
X8 = x1
0 78 = £(x8)
itr 4= 1
converged = itrcmax_it
LS return x, converged, itr
°¢ from math import exp

f = lambda x: x**2-3*x+exp(-2*x)

df = lambda x: 2*x-3-2%exp(-2*x)
() sol, converged, itr = Mewton_raphson(f,df, 1080, tol=1e-25)

if converged:

print(f'Newtons method converged in {itr} iterations')

* print(f'The soluntion is {sol}')

else:

print(f'Newtons method did not converge')

Newtons method did not converge
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If instead, let us say if I make it 25 then it may, says that it has not converged. That means, in

case, this is very very small tolerance limit it will require more than 20 iterates.
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x1 = x8-8/df(x@)
X0 = x1
0 8 = £(xe)
itr4=1
converged = itrcmax_it
g return x8, converged, itr
°° from math import exp

f = lambda x: x**2-3*x+exp(-2%x)

df = lambda x: 2°x-3-2%exp(-2%x)
D sol, converged, itr = Newton_raphson(f,df, 108,tol=le-5)

if converged:

print(f'Newtons method converged in {itr} iterations')

* print(f'The soluntion is {sol}')

else:

print(f'Newtons method did not converge')

Newtons method erged in 9 iterations
The soluntion is 2.9991726809431817
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So, let me write here 5 and maybe here 100, so it has converged. So, these are the examples

using while loop.
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if converged: .
print(f'Newtons method converged in {itr} iterations’)
o print(f'The soluntion is {sol}')
else:

print(f'Newtons method did not converge')

EQ Newtons method
The soluntion is 2.9991:

d in 9 iterations
726809431017

Try statement like: 'pass’, 'try" and "except’
*args and **kwargs are special keyword which allows function to take variable number of arguments.

* *args passes variable number of non-keyworded arguments list and on which operation of the list can be performed.

* . "krvaargs passes variable number of keyword arguments dictionary to function on which operation of a dictionary can be
performe
* *args and **kwargs make functions flexible. r
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Now, you should also look at, in Python you also have a notion of pass along with loops, you
can also look at how to make use of try and accept. When we have created this user defined
function we mostly give the fixed number of parameters. Of course, some of them are default

parameter for example, in this case max_it and tolerance. But in case you do not know how



many parameters user is going to supply then you can make use of what is known as *args and

**kwargs. These two are very convenient way to make function flexible.

*args passes a variable number of non-keyworded arguments. So, it will be non-keyworded
argument. And then you can apply operations on all these keywords. And similarly, **kwargs,
here args and kwargs you can replace it by some other thing also. And in this case this is
actually a keyworded argument something very similar to dictionary. So, try to explore these

options, they are very useful and it makes functions flexible.
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al [a, b] if f(a) f(B) < 0. Write python programme to find an interval of length 1 in which
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At the end let me leave you with few exercises. These are simple exercises.

The first exercise is write a python programme to find the value of Golden ratio correct up to
5 decimal places using while loop. | have already defined what is golden ratio in the previous

lecture.

The second exercise is to write a python programme to find the number of digits and also the

sum of digits of any integer n. So, n could be any integer, could be small or very large.

The third one is, a function f(x) has a 0, in an interval a, b, if the product of f(a) and f(b) is less
than 0, that means, the value of the function at a and b are of opposite signs. And so, what |
want you to do. Look at this function f(x), it is the same function for which we wrote Newton-

Raphson method and we know that it has a 0.



So, find an interval of length 1 which contains 0 of this function, that is the third exercise. So,
these are the 3 exercises. Of course, we will be posting the solution of these exercises after

some time. But you should try, these are all very simple exercises,

So, let me finish here. So, thank you very much. We will see you in the next lecture.



