
PDSP 2026, Lecture 03, 18 August 2026

Generating sequences of numbers

range(n)  generates the sequence 0, 1, 2, ..., n-1

Use list(range(n))  to display as a list

n = 17

n

17

range(n)  # Like a list, but not quite

range(0, 17)

list(range(n))  # Make it into a list

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16]

range(n)  translates to range(0,n) , implicitly starting with 0

Can add an explicit starting point: range(i,n)  generates i,i+1,...,n-1

list(range(2,n))

[2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16]

If the starting point is  the target, range  generates an empty sequence

list(range(3,3))

[]

list(range(7,4))

[]

Numbers in Python

Numbers in Python can be integers ( int ) or reals -- actually rationals -- ( float )

Internal representation is different, but arithmetic operation symbols are overloaded

to apply to both types of numbers

+ , - , *  stand for addition, subtraction, multiplication, as usual

/  is division, and always produces a float

8/4
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2.0

There are separate operators for quotient ( // ) and remainder ( % )

These can also be applied to float  arguments, but the answer is also

float

8//4

2

7//4

1

7 % 4

3

8.0//3.0, 8.0 % 5.0

(2.0, 3.0)

9.3//3.05, 9.3 % 3.05

(3.0, 0.15000000000000124)

Data types

A data type is a set of values with associated operations

Python has two numeric data types, int  and float

In the FIFA example, we saw text data, which is of type String  -- we shall

examine this later

The boolean data type has two values True  and False

Be careful when working with float

Decimal  binary  decimal can create strange "inaccuracies", like 9.3 % 3.05

below

9.3//3.05, 9.3 % 3.05

(3.0, 0.15000000000000124)

Checking if a number is prime

Checking if n  is a prime: assume it is, and flag that is not if we find a factor between

2  and n-1

n = 17

isprime = True

for i in range(2,n):
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    if n % i == 0:

        isprime = False

n, isprime

(17, True)

n = 18

isprime = True

for i in range(2,n):

    if n % i == 0:

        isprime = False

n, isprime

(18, False)

Optimising the search for factors

Factors occur in pairs, sufficient to check from  to 

Python has a function sqrt  to compute square roots

However it is not automatically available

sqrt(n)

--------------------------------------------------------------------------

-

NameError                                 Traceback (most recent call las

t)

Cell In[19], line 1

----> 1 sqrt(n)

NameError: name 'sqrt' is not defined

Libraries

Libraries are collections of code implementing different groups of functions relevant

to a given theme

We will later see libraries specific to data science, machine learning

The math  library has mathematical functions like sqrt , log , sin , cos  etc

We import  the math  library to use it

Note that we use math.sqrt  to tell Python the full context of the function

sqrt

This is useful in case two different libraries have different functions with the

same name

import math

n = 17

math.sqrt(n)

4.123105625617661
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Optimised primality checking

We can optimize our search for factors by restricting the range to

(2,math.sqrt(n))

range  expects only int  arguments, so use int()  to convert math.sqrt(n)

to an int  -- truncates the fractional part

n = 17

isprime = True

for i in range(2,math.sqrt(n)): 

    if n % i == 0:

        isprime = False

--------------------------------------------------------------------------

-

TypeError                                 Traceback (most recent call las

t)

Cell In[22], line 3

     1 n = 17

     2 isprime = True

----> 3 for i in range(2,math.sqrt(n)):

     4     if n % i == 0:

     5         isprime = False

TypeError: 'float' object cannot be interpreted as an integer

n = 17

isprime = True

for i in range(2,int(math.sqrt(n))):  # int(...) truncates a float to an 

    if n % i == 0:

        isprime = False

isprime

True

n = 25

isprime = True

for i in range(2,int(math.sqrt(n))):  # int(...) truncates a float to an 

    if n % i == 0:

        isprime = False

isprime

True

We have to be careful, because range(j,m)  stops at m-1

The code above wrongly claims 25  is a prime -- the search for factors runs from 2

to 4  rather than 2  to 5

To fix this, modify the upper bound of range  to sqrt(n)+1
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n = 25

isprime = True

for i in range(2,int(math.sqrt(n))+1):  # int(...) truncates a float to a

    if n % i == 0:

        isprime = False

isprime

False

Large and small numbers

Python allows us to work with very large (and very small numbers)

The operator **  is exponentiation

7**3, 2**12

(343, 4096)

What is , in other words, ?

2**(2**12)

104438888141315250669175271071662438257996424904738378038423348328395390

797155745684882681193499755834089010671443926283798757343818579360726323

608785136527794595697654370999834036159013438371831442807001185594622637

631883939771274567233468434458661749680790870580370407128404874011860911

446797778359802900668693897688178778594690563019026094059957945343282346

930302669644305902501597239986771421554169383555988529148631823791443449

673408781187263949647510018904134900841706167509366833385055103297208826

955076998361636941193301521379682583718809183365675122131849284636812555

022599830041234478486259567449219461702380650591324561082573183538008760

862210283427019769820231316901767800667519548507992163641937028537512478

401490715913545998279051339961155179427110683113409058427288427979155484

978295432353451706522326906139490598769300212296339568778287894844061600

741294567491982305057164237715481632138063104590291613692670834285644073

044789997190178146576347322385026725305989979599609079946920177462481771

844986745565925017832907047311943316555080756822184657174637329688491281

952031745700244092661691087414838507841192980452298185733897764810312608

590300130241346718972667321649151113160292078173803343609024380470834040

3154190336

2**24

16777216

2**(2**24)

--------------------------------------------------------------------------

-

ValueError                                Traceback (most recent call las

t)

ValueError: Exceeds the limit (4300 digits) for integer string conversion; 

use sys.set_int_max_str_digits() to increase the limit
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How about ?

2**(-(2**12))

0.0

2**(-(2**10))

5.562684646268003e-309

Computing primes upto n

Instead of checking if n  is a prime, find all primes upto (and including) n

Generate the sequence 2,3,...,n

For each element in this sequence, check if it is a prime

Accumulate all primes found in a list

Recall that l1 + l2  concatenates two lists into a single list

Two nested loops, use different variables j  and i  to iterate

n = 50

primelist = []

for j in range(2,n+1):

    isprime = True

    for i in range(2,j): # If we had started with 1, we would have a prob

        if j % i == 0:

            isprime = False

    if isprime:

        primelist = primelist + [j]

primelist

[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47]

Appending a value to a list

Can also use l.append(v)  to add an element v  to a list

Note the distinction between l + [v]  and l.append(v)

In the first case, we have to make v  into a singleton list [v]  to use the

operator +

n = 100

primelist = []

for j in range(2,n+1):

    isprime = True

    for i in range(2,j):

        if j % i == 0:

            isprime = False

    if isprime:

        primelist.append(j)

primelist

2−4096
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[2,

3,

5,

7,

11,

13,

17,

19,

23,

29,

31,

37,

41,

43,

47,

53,

59,

61,

67,

71,

73,

79,

83,

89,

97]

Functions

Modularise code into functional units

Instead of embedding code to check if j  is a prime, call a function that returns

True  if j  is a prime and False  otherwise

Function definition starts with def function_name (argument1, 

argument2, ...):

When the function completes, it should report an answer -- return a value through

return(v)

def isprime(n):

    status = True

    for i in range(2,n):

        if n % i == 0:

            status = False

    return(status)

isprime(17), isprime(25)

(True, False)

Exiting a function in between

If we find a factor, we can declare the number to not be a prime without testing

more factors

In the original implementation, we needed to exit the loop

return()  automatically exits, so we can use this optimisation in the function
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def isprime2(n): # An equivalent defn, terminates with False at first fac

    status = True

    for i in range(2,n):

        if n % i == 0:

            status = False

            return(status)

    return(status)

isprime2(47), isprime2(44)

(True, False)

In fact, we don't even need the variable status

If we find a factor, return(False)

If the search for a factor ends without finding one, return(True)

def isprime3(n):    # An equivalent defn, without a separate status varia

    for i in range(2,n):

        if n % i == 0:

            return(False)

    return(True)

isprime3(571), isprime3(573)

(True, False)

Using functions

We can rewrite our code to search for primes upto n  to call the function isprime

for each candidate

Recall that in our earlier, explicit, code, we had to rename the outer loop

variable as j  to avoid a clash with the loop through potential factors

If we use a function, the i  inside the function is different from the i  outside

the function

n = 100

primelist = []

for i in range(2,n+1):

    if isprime(i):

        primelist.append(i)

primelist
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[2,

3,

5,

7,

11,

13,

17,

19,

23,

29,

31,

37,

41,

43,

47,

53,

59,

61,

67,

71,

73,

79,

83,

89,

97]

We can convert this search for primes upto n  into another function

def primesupto(n):

    primelist = []

    for i in range(2,n+1):

        if isprime(i):

            primelist.append(i)

    return(primelist)

primesupto(30)

[2, 3, 5, 7, 11, 13, 17, 19, 23, 29]

primesupto(70)

[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61, 67]

primesupto(1000)
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[2,

3,

5,

7,

11,

13,

17,

19,

23,

29,

31,

37,

41,

43,

47,

53,

59,

61,

67,

71,

73,

79,

83,

89,

97,

101,

103,

107,

109,

113,

127,

131,

137,

139,

149,

151,

157,

163,

167,

173,

179,

181,

191,

193,

197,

199,

211,

223,

227,

229,

233,

239,

241,

251,

257,

263,

269,

271,

277,

281,
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283,

293,

307,

311,

313,

317,

331,

337,

347,

349,

353,

359,

367,

373,

379,

383,

389,

397,

401,

409,

419,

421,

431,

433,

439,

443,

449,

457,

461,

463,

467,

479,

487,

491,

499,

503,

509,

521,

523,

541,

547,

557,

563,

569,

571,

577,

587,

593,

599,

601,

607,

613,

617,

619,

631,

641,

643,

647,

653,

659,



661,

673,

677,

683,

691,

701,

709,

719,

727,

733,

739,

743,

751,

757,

761,

769,

773,

787,

797,

809,

811,

821,

823,

827,

829,

839,

853,

857,

859,

863,

877,

881,

883,

887,

907,

911,

919,

929,

937,

941,

947,

953,

967,

971,

977,

983,

991,

997]

Functions and modularity

Functions modularise code

Each function has an interface contract -- if the input  is valid, the output is 

Can change the implementation of the function so long as the interface contract is

upheld

Any one of our three implmentations of isprime  can be used

x f(x)



For instance, can use a naive implementation as a prototype and later replace by

a more refined, optimised implementation


