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At the end uf thfs unit stuﬁents wﬂl b-e able to:

analyze data and identify key model performance metrics of real-world machine
learning models. 1
explainand create a data visualization using data visualization software (for example,
Structured Query Language (SQL), Python, or R)

learn how to form hypotheses and perform hypothesis testing. Students will learn to
cnmmunicate findings using advanced data visuals and tie them b&cktnhypotheses
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13. The following code is supposed to open a file ‘abc.txt' and counts the number of

occurrences of the character ‘s and displays output like:
1 file nams = 'abe.txt’

2 target letter = 'S

3 : o
£ | A NAYEOM
5 text = file.read() . of = \_‘u‘ | I;;_,;\_-.! P =

& fila.close 0\ _»_'. .'}_-' \ o

7  except FileNotPoundBrsor: - '

8 print(£"Ecror: Filg | {mg_qnq}\mtfuund 1

9 exit() _ -~ \Jl VALY

1@ count = @) \4_ =

11 for ¢HSJ in text:

12 if char = target_letter:

13 | count += 1

14  print(*The letter '{target_letter}’ appears = + count + - times in the file '(file name}'.”

3 Sample text in file 'abc.txt”: | scream, you scream, we all scream for ice cream.

3 Sample Output: The letter 's’ appears 3 times in the file 'abc.txt'.
However, the code does not execute, Debug and remove any bug(s) from the code.

’;? Mini Prnject 1

Design a game where mulhple objecls are falhng from the tup The objective is to “Catch The
| Falling Objects” using arrow keys. For every catch ascore mcrgaaes tq,1 pmht The game ends

| whenever an object is missed. B A B N T CA T
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Hello, What’s your namaiAbran S0 pOs 0 Hello, What's your name?Azam

ckayl Abrar I am Eulninlll ﬂm&- hetﬁq.nn '+ and 1an okayl Azam T am Guessing a number between 1 and 108:

e [ A\ N 5@

Your guess 1$ tph ]a’u NSO Your guess ls too low

75 75

Your guess is ‘too high Your guess is too low l

-] a8

Your guess is too high Your guess is too high l

55 BS |

Your guess is too low Your guess is too high |

58 8@ E

Yourguessed the number in § tries) Your guess is too high i
You did not guess the number, The number was 78 i

Design twaltextboxes such that the first is for entering text while the second shows the text |
i t:i::n1.|;15'51-[1;@;1.'::;1‘:J tﬁ uppercase. The user can click on the first textbox and type a sentence. As the user

types, the secund textbox automatically displays the uppercase version, The second textbox is |

1 rmt edlt.ahle.
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’ Give iqﬁg’*@hsiv&'rs to the following Extended Response Questions (ERQs).
1. Write a Python function that calculates the factorial of a given number. Test the function
with 5 different inputs.

2. Implement a Python class ‘Rectangle’ with methods to calculate the area and perimeter of a
rectangle. Create instances of the class and print the perimeter of rectangle. .

3. Write a Python program H!ghlighting the use of functions to simplify a problem. For
example, create a program that calculates the average of a list of numbers and by using

separate functions to add all numbers, , marking repeated values and calculate the
average of the list with and without repeating values.

4, Create a Python dictionary to store student names as keys and their grades as values. Write

a program to add new students, update existing students’ grades, and remove students
from the dictionary. aat

5. Write a Python program to create a file named data txt, vtﬂte a strﬁ’:g hﬂt and then read
the content of the file and display the output AU

6. Create a Python prﬂmmthat am&nﬂ; a new th‘leaf text tn an existing file, If the file does not
exist, it should create; new ﬁle

7. Write Pyﬂwnq:udeuﬁﬁgwgame that creates a simple window with a button. When the button
is clicked, it should display a message on the window.

8. Develop a Python program that calculates and prints the transpose of a 3x3 matrix represented
| using a nested list.

9. Write a Python function that counts the number of occurrences of each letter in a text file and
prints the results.

10.write a Python program to connect to a database and demonstrate how to insert, update and
retrieve data from the database. Explain the importance of database connectivity in Python
applications. '

11.Explain unit testing and its importance in Python programming. How does it help in catching
errors early during the development process? Include an example of a unit test for a simple "
Python function.

12.Write a Python code that selects a number between 1 and 10 and the plajrer wﬂl try to guess
* the numberin 5 tries. For every incorrect guess, thE pmgram prnvides a hint whether the last
guess was on higher or lower side. If the m.lmbqr 15 sur:{.‘e'ssm‘.l?guessed then a Congratulating
message should be dlsplayed along with-in' how many attempts the number was guessed
correctly. Otherwise, amther message should be displayed along with the chosen number,
The outputs should look like:
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14. The primary goal of debuggmgls

a, Writing new code ( A b. Fixing errors in the code

C. Increa*m gp rogrdm speed d, Creating a graphicalinterface
15. Python function used to print debugging messages tothe console

a. print() b. debug() c. trace() d. log()

16. Output of the following code will be:
1 my_dict = {"a": [1, 2], "b": [3, 4]}
2 print{my_dict["a"][1])

a.1 b. 2 c.[1,2] d.[3,4]
17. The code will print “Inner” times.
1 for i in range(3):
2 for j in range(2):
3 print("Inner") | '; _

™ \'.

‘ Give shurtanqﬁersto the ful[uwing Short Response Questions (SRQs).
1. Elabarate programming language paradigm and why is itimportant for software development?

2. How do you interpret the concept of complexity reductionin programming? How does dividing
code into modules help manage complexity?

3. Compare Functional Programming and Object-Oriented Programming (OOP) paradigms. Enlist
main differences in their approach to problem-solving.

4, What is Disk I/0 and why is it important for system performance?
5. Describe the difference modesin file handling in Python.
" 6. What is the benefit of using the ‘with'keyword while working with files in Python?
7. How can you create a simple GUI application using Pygame? Enlist the steps involved.
8. Describe the use of a nested list in Python and how can it be usedto represent a matn:?
9. What isdata normalization and why is it used in databasemanagement'*
10, What is debugging and why is it im p-nrtantin suftware devdupment?
11. What seems to be the pruhtem in:! L~
1  samplel dict'= {"a" : 1j "b": 2}
2 ﬁl‘int{sample dict["c"])
12. Final value of my_Llist after the following lines would be:

1 own_list = [1, 2, 3]:
2 own_list.append(4, 5)
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E Select thabastanswer for
1.

a. Increase code length

1 T 5
R

the following Multiple-chnice Questions (MCQs).

Main purpose of the programming paradigmis

b. Cnmplexity reduction

¢. Eliminate bugs d. Improve hardware performance
r 8 programming paradigm emphasizes the use of functions without changing state. ’
a. Procedural b. Functional c. Object-oriented d. Structural
3. Object-Oriented Programming primarily revolvesaround of the following.
a. Data structures b. Functions c. Objects d. Variables
4. InPython datastructure is used to store a collection of items.
a. List b. Dictionary ¢. Tuple d. Set
5. Adictionarystores in Python. ey AT
a. Keys only b.Valuesonly .-F- I't_&'y-.a-r.atue_' paifs " .'fé-_'ﬂﬁ'-séﬂiiénfial data

6. Anexampleof disk 1/0
a. Storing a variable in memmf
C. Deﬁnmgafm?l;mn ]l

7. Towritecontenttoa fﬂein Python__

a. file.write()
8. Aprimarykeyinadatabaseis
a. Akey that has adefault value

c. Akey for linking multiple databases

b. file.insert()

1: Reading afile from the hard disk
d. Looping through a list
method is used,

¢. file.add() d. file.modify()

b. Aunique identifier for records
d. Akey used for temporary tables

9. Acommon database normalization goal is

a. Reducing redundancy
c. Increasing the number of tables

b. Maximizing data size
d. Storing duplicate records

10. _______keyisusedtouniquelyidentifya recordina related table, 2
a. Primary b. Secondary c. Foreign d.Unique

11, Tocreate a simple GUI in Python, library is used. e )N
a. Pygame b. 05 -c. 53‘;‘3‘." Ay [ (“d)math

12. Anested list in Pythonis refer red as___ ||
a. Alist containing another list
c. Adictionary of lists /| ! 3
13. The purpose of 'urlnt testlng in Pytho
a. Test individual units of code
c. Debug the entire program

d A s il shmadil . - . i J
(i i M D o NN N e )M )L ood B 0 N o b ) i 1) N D St ) i s B R e

B A I.i st nf dictionaries

d. Aset containing multiple lists
nis_____

b. Test the entire program

d. Optimize the code for speed




Summary

Prngrammmg_.rgrﬁiiﬁi:."kéfé}s to different styles and methodologres of programming
used to salve problems, making code more structured and easier to manage.

& Complexity Reduction: Helps to break down complex problems into simpler parts
resulting in easier to understand and solve.

. Functional Programming: programs are developed in the form of functions.

' Object-Oriented Programming (OOP): Revolves around the use of objects and classes to
represent real-world entities.

- List in Python: Adata structure that stores an ordered collection of items which can be
accessed by their index. Lists are mutable i.e. their contents can be changed.

> Dictionary in Python: A key-value pair data structure used for mapping keys to values
such that every key in a dictionary is unique and values can be accessed using their
corresponding keys. =[O

* Files in Python: File handling allows Pythun programs J;u reai:l frum and write to files and
store data permanently CommaQ opera‘tmns include opening, reading, writing and
cluslngﬁ’les TALA

Dltlhl!& Mti'uctured cutler:tinn of data used for efficient storage and retrieval. Tools
th‘Mly‘SQL SQLite, and PostgreSQL are commonly used for managing databases.

= Data Normalization: A database design technique aimed at reducing redundancy and
dependency by organizing fields and tables of data.

o Primary Key: Is a unique identifier for records in a database table emphasizing each
record can be distinctly retrieved or updated.

v GUI in Python: A graphical user interface that allows users to interact with applications

visually, using elements like buttons, text fields and windows, etc. Python's pygame
library is commonly used to create GUIs.

> Nested Lists: Lists within lists are nested lists that are used for storing and organizing
complex data structureslike matrices.

=~ List as Value in Dictionary: Python allows the use uf hsts as viaiue:; in i:lu:tmnanes. such
that multiple items can be stumd under aﬂngle R’E‘f

- Testing in Python: Testlng enﬁure; l;he correctness of code.

> Unit Test: Unit :esting fncuses on testing small, isolated units of functionality, such as
mdi’\‘idual functions or methods.

> Dehugging. The process of identifying and fixing bugs or errors in a program. Techniques
include using print messages, where messages are printed to the console to help track the

flow of a program, and more sophisticated tools like debuggers that allow stepping
through the code line by line.
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However, for the third brea!-:pnint the result vari'al:rle is flaggeﬂ in the code and watchpoint shows
the mismatched value as/ T:a'npared to the expected value to track the bug.

 WARABLEN | '_ * 7] C ¢ ihers v hp ¢ Desitog 1 W yrted ) py ¥
ey r—— = 1 def add{a, b): P EuAielar ta B tested
» special varloblen L Feturn & + b
| 3 .
{ ; -——ah 4 def test_add(): B Test Furcticn
h 5 result = add{l, 3) # Test case 1: Check IF 2 ¢ 3 equals 5
" 8 astert result == 5, F°Test failed: Expected 5 but got [result)” 2
T
] result = add{e, @) # Test case 2: Check 4F @+ @ cquals @
a0 L assert result == 1, f°Test falled: Expected 8 but got {result]}”
¥ 1@
i g * 1 result = add(-1, 1) B Test case 3: Chech iF -1 + 1 equals @
B 1z assert D result == 0, FTest failed: Expected @ but got (result)” result = 8
13
14 print{"All tests passedl”™)
15
18 Eedt_add() B Run the test fusitien

The same code is changed for multipijcation and tests are ad]usted accurdmgly W‘lll all tests be
passed? If not, which one will fail and why? Tryr debuggmg the code

T T TP R AL NS R s
rEtl.Il"l'l ﬂ * h \ A _'_._* A

1

2

3 N

4 def thst nultiply{]

5 ‘result = nultiply(2, 3)

6 assert result == 6, f"Test failed: Expected 6 but got {result}"
7

8

9

result = multiply(4, @)
assert result == 1, f"Test failed: Expected 1 but got {result}"

19

11 result = multiply(-1, -1)

12 assert result == 1, f"Test failed: Expected 1 but got {result}"

13

14 print("All tests passed!") .
15

16  test_multiply()
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1 def add(a, b): || -7 %/Fnctien to be tested
2 r-etur-n a -l- b SR e e
3 LY '. _'_-.'.-.' Y
4 defte I‘Hladdﬂ # Test function
280 1 result = add(2, 3) # Test case 1: Check if 2 + 3 equals 5
® 6 assert result == 5, £ 1.1 fail pacted 5o pot {result}
7
g result = add(e, @) I Test case 2: Check H 8+ 9 equals @
e 9 assert result == @, £'Tost failed: fxoected o but oot {result}
18
11 result = add{-1, 1) # Test case 3: {heck :.f -1 + 1 equals @
e 12 assert result == 8, £ 1.2t (ol L ; i {result}
13
14 print{ A1) teste pasaed!')
15
16 test_add() # Run the test function

Let's execute the code and debug it. We deplnyed 3 brea’l-:pnints on line 6 'il anri 12 to track the

stupsunﬁrstbreakpﬂint themsuttisas expeqted 5 [ Lo~
~ VARIABLES ' sgrs 3 bp J_,lehqg,l ’ 1{ur1:-1.rlpt ‘*ﬂ!#ﬁ .sllrl L
_p— -i ll‘f amﬁa, h-]«.\\
result = : ] .; lﬂ'ﬁ 3+’
P TR "~3L"__['~7..' O m test_add():
IN N s result = add{z, 1)
B & assert result == 5, FTest ﬁilcd Ebcp-er.'ted 5 hut p:n: {reiuit]- result = §
1
i 8 result = add(e, 8) b
PR . 9 assert result == i1, f*Test f:und Emcted o but sﬂt {result})”
uw
11 result = add{-:, i} 1 e ) ook 4F L=l
e 12 assert result == ', f-Test failed: Expected @ but got {result}”
13
14 print{"All tests passed|”)
15
test add

Same goes with the second breakpoint.

~ WARLABLES -] €- 3 Users ¥ hp ) Desktop 4 unttestlpy @ £ et wikd
w Lotalt 1 def add(a, b): vam oo 4 [
TR 1 returh 3 + b - e
1 i ol
i 4 def test_add(): s rest @0\ (C
5 result = add{ . } y | sk b
. 6 assert rmflt ) f‘leﬁt falttd ixper.tid 5 m pt {nuult}
1 ]
~ WIATCH : ;.' ™ Hﬁu],t -\m{ by } :
eendyie 9l "_amn pesyll = o, FTest falled: E.tpc:th'l (] m pt {rlsuit} result = @
iR 8)=a
r ]' f |_.! on result = add(-1, 1) : 1
N . 12 assert result == -, F'Test f:mu Expm:ud (] l:ult pt {rrsult}
) 1
14 print{“All tests passed|”)
15
16 test_add() # #un the test functlan
e e Ry ey p— o i B e
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3+3.2 Python Unit tf -t

Python's built-in: m‘ltl:tesé framework is a tool that helps you check if your code works in the
desired way. Rather than manually testing your code by running it, unittest lets you write small
tests that check specific parts of your program. You may check it for some values to check
whether it is returning the desired and correct result. But as the lines of code increase the code
may become compilcated to test it manually. unittest is quite useful in such scenarios to write a
set of tests to ensure the function is executing correctly for various inputs.

So, for a written function that performs some operation, you would write another function (a test
function) to check if the first function gives the correct result. Use assertions to compare the
actual output with the expected output. For example, you have a function that adds two
numbers, like:

def add(a, b): - # Function to be tested

2 ] return a + b B
3 --'.i';- ."'. =
4 def test_add(): a\ ¥ Test fuﬁctinn
5 result = add(2, 3) - \f TEst case 1: Check if 2 + 3 equals 5
6 assert resﬁlt hal 5 f Failed: Expected 5 but gol {result)
7 h
) fhﬂsult add(a a} # Test case 2: check if @ + E equals @
9 assert result == @, f'Test failed: Eapocted o {result}
10
11 result = add(-1, 1) # Test case 3: CHe:k if -1 + 1 equals @
12 assert result == 0, f"] failed: Expected {result}
13
14 print("All tests passad!")
15
16 test_add() # Run the test function

On line 1 the add() function adds two numbers. The test_add() function on line 4 tests the add()
function with different inputs, like as input parameters two poﬁﬂm numbera are pmwded on line
5, two null values on line 8 and a positive and neaatwe mmbe‘r bn line'11, The assert statement
checks if the output of add() matches the Expectedvalﬂe 1f not, 1t raises an error with a custom
message. If all assertions pass, it pn‘ﬂﬁ "Mltests passed!” i

To have a better unders;dnding rau ma}.r check if for different values and results. As a next step,
we assume that expected result was 2 on line 12 and we oversaw the negative value on line 11. So,
definitely we would get the Test failed: ...' message. To investigate it we can debug the code by
applying breakpoints in the code:

O E PR L e P T i W G E—_ ey
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This code performs the transpose of a 313 rnatrn: {wa‘pplng mWs mtlutul‘umns} Heres a simple
explanation: \ :

<> Line 2-3: Inltfallzes a matﬂx and an empt',r Hst L‘ranspufse to store the result of the transposed
matrix. _ | N .-|'_|_|. :

 Line 5-8: The outer loop goes through each column in the original matrix. Inside this loop, a
new row (new_raw) is created.

3 Line 9-12: The inner loop iterates through each row of the matrix, appending the
corresponding column value to new_row.

3 Line 14-15: Once the inner loop finishes, the new_row (a transposed row) is added to
transpose.

3 Line 16-17: Finally, the code prints the transposed matrix by printing each row intranspose.

Advanced debugging involves more than basic print commands by using techniques like
breakpoints and watchpoints to identify and fix bugs and errors. Breakpoints are placed on the
line of code while watchpoints are set on variables and expressions or formulae. Multiple
breakpoints and watchpoints can be placed ina prngram These methuds«&re Especlatly useful for
handling complex issues. 4 %

The same code of Fig.3.27-€an be placed a debug mnde in an IDE like Visual Studio.Net or an
online IDE like REPLIT which prmﬁde a better GUI interface like selecting the line and setting the
breakpoint on trae ﬁld liﬂh ‘When run in debug mode step by step, the debugger not only stops at
the hreakpoiht but also provides the values of the different variables and data structures. This
helps in analyzing the data and overall behavior of the program. Fig. 3.28 shows the code while
the debugger is on, reflecting the different variable values and the corresponding breakpoint set

atline 6.

@ maingy * 0. Comscle [ Debugge W mainpy ’-W""" e
el Debug main.py (debugpr) o
1 matrix s [[1, 2, M, [4, 5 &) [7. 0 9?00
1; trampose = [1 P »
4 v for cel in range{len|matrix{e]}}:
5 rgr rond = [ ] Breakpoints
6w for row L0 rangel Len|matr il
.7 new_row, append(matrix[col](row]) o3 mmn.py
] print(*rew: %, coliwd”, row, col - — -.
9 transpose.append(new_row) Variables

i print{*wn") X
11 v for row 0 transpose: ) ‘l’"“l """-“" B b

i prht[rnrl | “l |r|| AR (L} | L
G ¥ lntrlt. l*'r., Lite 24 3]s (4 50 81 [7 ® #])

' nend_roM L1t 1]

I"l!"" \ G 8

NR 3 transpose |t n
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3.3 Techniques for Testing & Debugglng

3.3.1.Debugging _ -~ \\ MLV

Debugging is the prdce.ks tn Lnalyze the code for bugs and errors and help in locating them, such
that when fixed error-free program can run smoothly and deliver desired results. The simplest of
debugging involves adding multiple print statements in a program to get the idea whether the
program is behaving as expected or not. This does not mean that we should add print statements
on each line or every second line, The idea is that wherever some formulae, expression or a
critical value update is in the code, using print statements it should be validated that particular
variable, line or block of code is behaving as desired.

To make the point clearer, let us refer the matrix transpose example as shown in Fig. 3.27. Here
on line B, we have intentionally placed a bug, by switching the positions of the matrix indices.
Once we run it the output shows that matrix and transpose matrix are same. So, within the nested
loop, we have placed multiple print statements which we not only label the print statement for
identification purposes, but alse print the values of different variables and data- structures. For
example, Print-1'on line 6 ensures that the new_row’ gets alwaysinitialtzed whenever the outer
loop index updates. Similarly, ‘Print-3' on line 10 ﬁnnts the vaiuai whici'l will be appended in the
transpose matrix after cmpletiun of the/inner koap Online’9, Print-2 is placed inside the nested
for-loop to print the values ;}r rna{:nx lridices and points out that the values of matrix are asit is

assigned to transﬁa,nd nebésrtu be changed.

matrix = [[1, 2, 3],(4, 5, 6],[7, &, 9]]
transpose = []

1
2
3
4| for col in range (len(matrix[0])):
5 naw_row = []

B print('Printl-Outer Locp: ' ,Nevw_row)
7 for row in range(len (matrix

B

new_row. appnndl:n

g Ptintl: Print2-Inner Loop: row: ',row,'- col: ', ecol)

18 print('Print2-Outer Locp: ',new_row)

11 transpose .append (new_row)

12| for row in transposa: : Printl-Outer Loop:

13 print (row) ::iing-:mr Loop:
nt2-Innar Loop:

Printl-Outer Loop: .
_.| | Print2-Innar Loop: |
o SEY s 1-1?:1:.&-»1“;: Loop:
| Print2-Inner Loop:
—\[(0ttpit ] | |print3-outer Loop:
=\ 00 O N Printl-Outer Loop:
+n LAV AL Print2-Inner Loop: row: 0 - col:
o T ||| i § oo Print2-Inner Loop: row: 1 = col:
SINIRN R Print2-Inner Loop: row: 2 = gol:
AV Print3-Outer Loop: (7, 8, 9]
P- :. ;]
+ 3, Bl
8, 9

b i

Lol

g Te— e e &
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6. Update Record

For updating a record br a partlcular
column, y;lidate mrhmand is used. A
good practice is to use select
statement with where clause so that
the desired record is retrieved,
Thereafter for the same condition use
the update command.

7. Use of Order By Clause

i\ : e

‘|2 C_Address = 'New Address' -
3 C_ID = 'C1';

Dt puit

Database Structure  BrowseData  Edit Pragmas Execute SQL

rable:[ Jostmer  VIEg 5 o o BE e

[+ 1) €_Name C_Address C_Phone
Fiter [Fiter [Fites [Fittes |
1 Gamar Hew Address | 123-4567
T —
Update Record

There are scenarios where records should be displayed in a sorted order. For that reason ‘order by’
clause is used in the query and the result will be msplayed i aﬁceﬁ;ﬁng ‘order, by default. An
additional 'DESC keywords is used wlth ﬁn:lerb'_q" alame tudisplay the resultsin descendingorder.

1 SELECT * FROM q:ustmr ~ [1 sExzer * rRoM Customer
2 |orDER mq,c Name; | 2 ORDER BY C_Name|DESC; |
3 I.__.I'_‘.x_] "'._-I "-'_F_ "-..T 3 I
3 CHD Cleme C_Addem Cfore (e

CJ0 CRleme  CAddess — C_Phne 1 Gl Qamar Mew Adaress i123-4867
1 C3 Chaand House: 78% 543-210% ” 2 €1 Hantab Hossw: 486 387=6543 v
2 C2 Mahtab House: 456 987-£543 3 C) cChasnd Mouse: TES $43-2L0%
3 C1 Qamsr HNew Addiess 123-4567 |nundm| -

8. Deletion of Record(s)

You may delete a single or multiple entries from a table using 'Delete’ command. However the
table structure will remain in the database. It works just like select statement with an ™ all

records will be deleted while using ‘where' clause only the selected record(s) will be deleted.
1 DELETE FROM "Order” WHERE I_._‘II}_IHR. (‘L1'y. *L2', "L3'");
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Rather than adding single reccrd we can aﬁd mulr.’lp‘te recurds as well using a single ‘Insert Into'

command as shown in Hglﬁ‘l

1 INsERT. ::lm Liptop (L_ID, L Name, L_Price, L Brand)
2 VALUES
3 (*L2', 'MacBook Air', 90000, ‘Apple*),
4 ("L3', 'HP Spectre x360', 120000, 'HP');
s |
Database Struchwe  Browse Data  Edit Pragmas
WL*_"‘_'!.—_—.—E—IQ = ol} (l
LD L_Name L Price L _Brand
[Foter [Fiter [Feer  Jroer |
Ll |Dell XPS 13 100000 Dell
Multiple Ilecurdecq-r——- .
2 L2 MacBook Air 99000 Apple
3L m Sp*F:‘u uiw 120000 Bp

In this fashion, we can chateaddﬁimai tahles and populate the data.

5. Querwngnect:i-dshumTabteusing5e|ect

‘Select' is the mostly used query to select records
from the table. An * means all records in that
particular table. Alternatively, we can mention the
column names and only the specified columns will
be displayed for all records.

Though select query fetches all records from the
table but we can apply condition using where
clause to get matching records. The matching can
be a single or multiple records satisfying the
condition,

SELECT * FROM Customer

w o e

i

1 C2_Mahtab House: 436 587-6543 l

' Record with ID ‘C2*

1  sELECT [*] FROM Customer;
2 |

——
CH CMeme  C_Address C_Phore
{ C1 OQamar HNew Madress L33-4567

7 €1 Mahrab House: 436 |S87-6543
j b | s

1 €3 C(hasand House: T89 .“"’-‘“
—

-
Select All Records

-' ﬂ:t:"vity r)

Populate data for tables ‘Customer’,
'Order’ and 'OrdreDetails'.

Output
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3. Creating a Table

As a next step, use the 'CREATE TABLE' command to construct a table in the database. This
command takes in the table's name, column names and data types. For example, we can create a
table called ‘Laptop’ with four columns: L_ID' (an integer primary key), 'L_Name" (text), L_Price’
(integer) and L_Brand’ (text). So far only the schema is created and it does not contain any
record. B N N
FTHM_T _ " T\- _“_!'I.'f:_,'_;.':: III'-. ': e =

L_ID TEXT PRIMARY KEY, __ __.'j.l NN =
Lﬂmmmm
L_Price m m m
L nraud u:qr 'NOT \NULL

il

2oL oW N

N SrowseDats  EcPragmes  Exccuis SO
ot Laghap Bz o B8 == 4D @FE
LD Leme LPrie | frand q—n—rl Table Created

O R T e A T R Y,

4. Adding Record(s)

Once the table is created we can use the'INSERT INTO' command to enter asinglerow in the table.
This command requires the table name, column names and values for the record we wish to addin
the table. Be careful to use the values according to the schema, sequence matters.

1 INSERT INTO Laptop (L_ID, L_Name, L_Price, L Brand}"_i__l__ :
2 VALUES ('L1', 'Dell XPS 13', lﬂnﬂﬂﬂ, 'DE].I'I. ',

n-b-em mm um ' mﬂ
ow || vEge olb H@ =- A80
L _Price L_Brand
[riter  Jrirer
1E1 Dell XPS 13 100000 Dell .«—» | Single Record Added




3.2.10 Create a Database - \
lnstailatinnufsq_l_,te q T AN

To download and. Install Sleite on yuur Windows system, first go to the official
SQLite website (https://sqlitebrowser.org/dl/). Look for a "Download" button and
select the right download for your system. SQLite normally comes with already
compiled files. Select the version that matches your Windows operating system
and click the download link. The browser will prompt you tosave the file. Choose a
suitable location on your computer, such as the 'Downloads' folder. After the download is finished,
you will notice that the file is a compressed (e.g., aZIP) file. To access the SQLite files, right-click
the downloaded file and select "Extract All", This will create a new folder containing the 5QLite
files which are ready tobe used.

To check whether the SQLite was successfully installed, launch the ‘Command Prompt’ by typing
“emd” into the Windows search bar and click it. After opening the Command Prompt, use the ‘cd’
command to navigate to the folder where you extracted the SQLite files (for. Er.ample 'cd
C:\Downloads\sqlite\'). Next type'sglite3' and click Enter. If_ the 1nstalia’ntin was successful,
5QLite'scommand prompt will appear showing that. it ls ready fura]ie.

LR g Se— o -_'.J\.--_5.._.-.--"""”-i' me @B U= F>0 4O
I "". \ \ At
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(Please conslder sponsoring us on Patreon @)

Windows
Our latest release (3.13.1) for Windows:

« DB Browser for SOLIte - Standard Installer for 32-bit Windows
« DB Browser for SQLite - _zip (no installer) for 32-bit Windows
» DB Browser lor SQLite - Standard Installer for 64 -bit Windows
« DB Browser for SQLite - 2ip (no installer) for 64-bit Windows

Free code signing provided by SignPath.jo, certificate by SignPath Foundation.
2, Database Creation el @

To create a new SQLite database, launch the SQIJt,etmnmand-Lme Interfa-:e [{'.LI]I To access the
interactive SQLite shell: T\~ \ \

2 Open your terminal or cqrpmandpmp{and typesqlite?. and press Enter.

& Once inside theEQthe sﬁeil use the command ".open NBF.db' to create a new database namely
‘NBF.

This command creates a new file, ‘NBF.db' in the current directory to store your database. And we
have successfully created a new 5QLite database.
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Step 5: o\~
Lastly, to normalize to HHFWE nught t‘a 1denhfy transitive dependencies, i.e.:

L_IDin th& Otder ‘taﬁle dependson L_Name, L_Price, and L_Brand, which are attributes of the
Laptop table.

To remove transitive dependencies:
The Order table now only references the L_ID.

Thus, the 3NF Tablesare:
Order il Customer

, Qamar |
C2 | Mahtab | House:456 | 987-6543 12 | MacBookAlr | 90000 | Apple
€3 | Chaand | House:789 | 543-2109 13 | HPSpectrex360 | 120000 |  HP
Database Tools

Various database tools are available for data management, with Microsoft Access and SQLite
being two popular options. MS Access, part of the MS Office suite, is simple to install, easy to use,

' and offers a user-friendly drag-and-drop interface. It is commonly used by individuals and small
organizations for tasks like inventory, project management, and event planning. M5 Access also
integrates well with other MS Office programs like Excel and iject,.SQ[;ita is a lightweight
database system that stores data in a 5ingle file. It Is 1deal fﬁr applm&tians needing local storage
and is widely used in mobile apps and scepanus tl;lat tlti not. require alarge database server. 5QLite
is simple, efficient, and e aasy tﬂum '. 5_

Advantages of ‘L’.f:],l..]tlre].1
SQLite ocL:Upn:s small ﬁpai:e making it suitable for applications withlimited resources.
It is easily integrated into applications, hence becomes easier for use and deployment.
SQLite has a serverless architecture which eliminates unnecessary dependencies.

The complete database issaved in a singlefile.
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Step 4: b
To normalize to 2NF we need to detect partial dependencies, which come out to be:

OrderlD depends on OrderDate, but noton C_ID or L_ID.
As aresult, we need to create a new table:

OrderDetails (OrderID, OrderDate)
As a result, 2NF Tables are:

OrderDetails

Order

1 20-11-2024
i 211 1-20?4
3 221 1-@011




Normalizationsteps fora databaseare: - || 1 [(2ho~="

=

» First Normal Form (1 HF}‘ . WO
In 1NF tables have aturTlc valueulnng WIth repeatlng groupings /multi-valued cells are removed.
2 Second Iﬂurmal Form (2NF):

2NF ensures that every non-key attribute is dependent on the whole Primary key.

2 Third Normal Form (3NF):

In 3NF transitive dependencies, in which one non-key attribute relies upon another non-key
attribute, are eliminated. For example, while developing a small database for a laptop shop the
initialinformation may look like:

For a laptop shop if we want to create a database, the steps will be as follows:

Step 1;
Classify entities along with the attributes, which are:
2 Customer: C_ID, C_Name, C_Address, C_Phone P

> Laptop: L_ID, L_Name, L_Price,L Brand - ,; ."(E"«'.i \o ="
2 Order: OrderID, orderna;e ., L mi p_umtrty ) WA )
Step 2 f_ \ H_ LI
Let I.;ISlnltlall?‘Ql;Eﬂ te Bumgte ta hle torepresent all the data:
1 20-11-2024 | € 123457 | L
2 MA2024 | €@ | Mabtad | House: 456 | 9876543 | 1 | MacBook air %000 | Apple |2
3 22-11-2024 | Q@3 Oamar House: 123 | 123-45%7 | L2 HP Spectre k380 | 120000 | HP 1
4 23112024 | C4 Mahtab House: 456 | 9676543 | L4 Dell XS 13 100000 | Delt 1
5 4012024 | €5 | Chaand | Wouse: 79 | 50.2109 | 5 | macBookir 0000 | Apple |2
stﬂp 3' . -’"'-:"{-'-".\'.
To normalize to 1NF we need to find repeating groups, whu:har'e o U
Customer information that is repeated fur Eacti nrder [ S

Laptop information that is repeated fnr aa{:h order.
50, let us treate seaardle tablesas follows:

> Custuméf [C Ilj C Name, C_Address, C_Phone)
2 Laptop (L_ID, L_Name, L_Price, L_Brand)

2 Order (OrderlD, OrderDate, C_ID, L_ID, Quantity)
Hence, 1NF Tables are:

e o —— [y e R . N Wil 6k B el R o hd . B BN w4 ok ekl R srsi SE o4 S S S Tl B G i o m



< Field: . o ..-. < N.";- = h: A
Afild s pieceof deta wita f652) thﬁt deﬁ"es the information Placed ina certain column,

For example, a Name field 'Hﬂuld 5tarr.- text data, whereas an Age field would store numerical
data. N RRIR)E

2+ Data Inl:eﬁﬂty
Data integrity refers to the accuracy and consistency of data within a database. It ensures that
the data is accurate, dependable and appropriate for usage.

Primary & Secondary Keys

Keys are essential in creating database to uniquely identify records and create links among
tables. The most common types of keys used in normalization are:

- Primary Key:

Aprimary key isa minimal set-of-attributes that is exclusively able to identify arecord. It canbe a
single attribute or acombination of attributes.

- Candidate Key:

A candidate key is a single or a set- qf—attrtbutes thml* atlnw Weritafwng nf a record uniquely.
Though there may be se*reral candrida’l:e keys* onty 'one is-thosen to be the primary key. The rest

are called SEEHH{IIEW keys \ B8

-+ Foreign l'gey: J ] Jc
Aforeign key isa ﬁeld in one table that creates a relationship with another table by referring to its
primary key.

> Composite Key:

A composite key is a combination of two or more attributes that distinctively identify a rowin a
database table,

Data Normalization

A key component of relational database management is data normalization, which focuses on
minimizing duplicate data. To ensure effective and consistent data storage and speed-up
database access, the contents are divided into smaller interlinked tables. Data redundancy or
duplicate storage of the same information is a common problem in databases which causes
problems in maintaining consistency and increase chances of Inﬂcmracies dur#ng updating of
data. By dividing the data into more manageabla and l'nter-llnked tables, normalization solves
these problems. Every table' Iepreserlt':r :| Separate entity with keys defining the relationships
among the entities. (B

< Without. nnrmalizaﬂ:ln datahases frequently show inconsistencies and abnormalities during
updates or deletions. For example, a database containing customer information with several
addresses would require changes in many locations for every address change, increasing the
chances of mistakes. Normalized data addresses this by creating various tables for customers
and addresses, which are connected by a key like customer-ID.




36| score_label = tk Lahelfuindnw, te:t-"- core: @")
371 score labeiap?bk 9\ i S
38 NINAY
39 new_rnund{] .
4@ [~ window.mainloop() plnk
Sei]
Score 1 (incomect)
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Aset of data organized in a systematic manner.r usually inaﬂompﬂter sy‘stem iscalleda database.
A database stores, retrieves and handles Ia r}umbe‘r of records- for multiple users. Databases
allow users to locate specific: Tnfmtmnq «ly and accurately. The central source of data for
every software program iﬁﬂdatabase For instance, when a user logs in, shops online or makes a
transaction, a'database system saves the relevant data so that it may be retrieved later, i.e. what
time the user lngged in, which items the user purchased or the transaction to which account took
place, etc.

Databases remove redundancies and inconsistencies that are possible in manual record keeping
techniques by organizing data and ensuring its reliability. Databases also provide concurrent
access and changes which allows several users to work on the same data-set at the same time.
They also include security measures to safeguard sensitive information from unwanted access.
Databases provide effective information retrieval and help in data analysis.

Types of Databases

7 Most databases are relational. They organize data into rows and columns of a table such that
each table represents an individual entity (for example customers or items).

= NoSQL databases provide flexibility and can manage vast amuuntﬁ of unstructured or semi-
structured data. Unlike relational databas&m tmy dn ﬁﬂt ha\ie a l'ixed table structure.

Key Conceptsinvolvedin da tabaaes arey| Y N ol
> Table: (85

Atableis the fundamentai stri.lv;ture of a relational database and is made up of rows and columns.
Each row denotes a record, while each column represents a field.

> Record:

Arecord is a single table item with information about a specific entity. For example a client record
could include information like hisor her name, address and telephone number.




1| . import tkinter as tk ARV ZARE O RS

2|. import r'artdum AT QLS

4| windéw s t. n:()

5 l{1@1in.r:.ni:|1::1mr .title("Color Game")

6 score = B

7| colors = ["red", "blue", "green", "yellow", "pink", "black",
"orange", "purple”, "brown"]

8

9| def new_round():

10 global score

11 global color_to_guess, random_color

12 color_to_guess = random.choice(colors)

13 random_color = random.choice(colors) _— (!

14 label, config(text=color_ ta_guesaf. fg-random cnlnr}

15 entry. delete(ﬂ 'gk Em) gk s

16|@ LR

17| def check; aqéher{}"

18 “glbbal score

19 user_input = entry.get().lower()

20 if user_input == random_color:

21 score = 1

22 score_label.config(text="Score: " + str(score))

23 O else:

24 score_label.config(text="Score: " + str(score) + "

(Incorrect)”)

25 new_round()

26

271 label = tk.label(window, 'Funt-( Ar‘ial“ za})_)n_

28| label.pack(pady=20) o N ,\ :

30| _entry = tk. Entr*r(windaw; Font-r{"m-ial" 1&))

31 @Entry pack{) ] U L

32 NA '

33 che::k_button = tk.Button(window, text="Check”,
command=check_answer)

34 | check_button.pack(pady=10)

— rrrr— )




2 Align the label with the ‘color to,_guess texl; an& randnm_cnlnr
D Clear player's 1n||:rut frum theantry field, if any.
> For' cheqk_bamwerf} functinn .
D Acquire the user_input from the entry fieldand checkif it matches the random_color.
3 If correct, increment the score and update the score_label.
2 If incorrect, display a message showing incorrect answer.
2 Call ‘new_round()’ to start the next round.
4, GUI
2 Create the mainwindow:
1. window =tk Tk()
2. window. title("Color Game”)
2 GUlelements that weneed to place: _ _ A0
2) Add label ‘Display thewordtobe guessed”. | -\ "."ff;j'r:-n"j., G2

|'|""I 1 '.'.I
..|.-

27 label = tk,];ah-e\waindw “font= {“Amal” 24))
28 1ahel.pa:k_{pauy=2a)
TN _| ""'

b) Input field ‘l‘ﬁr'iénftering answer.

30 entry = tk.Entry(window, font=("Arial”, 18))
31  entry,pack()

c) Add a button to check player's answer when pressed.

33  check_button = tk.Button(window, text="Check”, command=check_answer) 1
34  check_button,pack(pady=10) |

d) Displays the player's current score.

36 score_label = tk, Lahel(winduw, t&x‘t-"Smm 9")
37  score_label, pack(} Aoy el

5. Starting thegame . : SR

& Initially ‘new munc‘{} i un:tinn mll be called tostart the first game round.
2 Call 'wiqdﬂw 'minlunp{]’ torunthe game.

The complete code is shown in Fig 3.16.
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22 entry2 = tk.Entry(ract,. uidth.m AN

23 entry2. grid(rm-ﬂT tu,'I,Umn-I pradx-E, Pady:S}
|

24 .'| 5\

25  add_| huttleI = tk Button(root, text="Add", command=add_numbers)
26 add_button.grid(rowsl, column=8, padx=5, pady=5)

27

28 clear_button = tk.Button(root, text="Clear", command=clear_fields) .
29 clear_button.grid(row=1, column=1, padxs5, pady=5)

3a

31 result_label = tk,Label(root, text="Result will be displayed here.")
32 result_label.grid(row=2, column=@, columnspans2, padxs5, pady=5)

33

34 root.mainloop()

§ SimpleAdder — O > |
AR f]' oI Sum: 5555
Developing Game using tkinter

In terms of GUI application, even games can be developed using tkinter. Let us create a simple
game of correctly identification of color such that the text color needs to be identfied and written
with correct spellings. The twist however is that the text show name of a different color to
confuse the player. Only right color input with correct spellings will be counted.

Steps to create the color game:
1. Create a new Python file and import necessary libraries:

1. import tkinter as tk

2. import random ey A
2. Set alist of colors: ® --" .' NI -5:';'.'- -
colors =["red", blue”, "green"”, 'Efellmf' pmlr." 'blac.k" orange purple' "brown”]
3. Sketch game logic : '. ' '. AL
> Initialize vanableslike Stbil‘e 0.
<2 Outline * new_round{]* function:

2 Select arandom color from the colors list for ‘color_to_guess’,

2 Select another random color for the text's display color ‘random_color’,

—— CrETTT— ) BT




6.Subsequently buttons are added mthe Sdreen V\ \

25  add_ button = tk, Button{ruht text-"hdd , command=add_numbers)

26  add. butt?h grid(row=1, column=0, padx=5, pady=5)

27 RN

28 clear_buttnn = tk.Button(root, text="Clear", command=clear_fields)
29 clear_button.grid(row=1, column=1, padx=5, pady=5)

We create an "Add" button which when clicked will call "add_numbers()” function. This button is
placed in the second row and the first column of our window with a little bit of space around it as
inthe last step. We also have a "Clear” button that when clicked will call “clear_fields()" function.

7.Todisplay result, a label needs to be added. So, a label is created to show theresults. Initially,
it says "Result will be displayed here.” This label is positioned on the grid in row 2, stretching
across both columns using the ‘columnspan’ attribute. We also add a little bit of padding around
the label to make it look nicer.

31 result label = tk,Label(root, text=" Re;ul‘t will be: dfﬁﬁ]ﬂyed here.")
32 result_label, grid{r‘uw-l column=e, ::det}{In.‘-ban-l, phdx =5, pady=5)

J

8.Lastly we run the GUlin a cnntinuum mahner Withﬂuﬁt the window will just flash and

disappear. This lmpemuresthat themn}om stays open and interactive.

NN x_]' 34 root.mainloop()

The mmplete Y- Fig 3.15.

1 import tkinter as tk

5

3 v def add_numbers():

4 v try:

D numl = flpat({entryl.get())

6 num2 = float(entry2.get())

7 result_label.config(text=f"Sum: (int(numl + num2)}")

8 v except ValueError:

9 [ result_label.config(text="Invalid input. Please enter numbers.®)
19

11 v def clear_fields(): P |
12 [ entryl.delete(d, tk.END) _ [/~ (C}
13 | entry2,delete(®, tk. EHDJ AR LES A
14 \ result_ lahﬂl -::anfig{text:‘ﬂgsult uill be displayed here.")
15 |

16 root. =tk Tk{
17 ‘root, tiﬂe( Simple Adder”)

19  entryl = tk.Entry(root, width=18)
20  entryl.grid(row=8, column=1, padx=5, pady=5)




components and iscreated using tkmter.Tk{}
2.Next we define a functlnn a pdd numbers on thE screen.
inp-nnﬁ tkiﬂtur as tk

~ def add_numbers():
W try:
numl = Float{entryl.get())
num2 = f£loat(entry2.get())
result_label.config(text=F"Sum: {int{numl + num2)}")
except ValueError:
|  result_label.config(text="Invalid input. Please enter numbers."

RE B3 = 8N U B L B e
¢

We take in the user input into the first and second boxes using get() function. Next we add the
numbers and update the result label to display the sum. If the user types something that's not a
number like letters, etc. an error message is displayed. ;

3.Thereafter we defined another functiontoclearfields. [/ (C\U) e
11 v def clear_fields(): \ 7 o WU )
12 entryl. deleta{a; tk. EHD) O
13 entry2. dtlﬁtt{ﬂ itk EHD)
14 r;-:.-sult 1abel.config(text="Result will be displayed here.")

To clear the contents of the first text entry box, we use the delete command, starting at the
‘position 0" and going all the way to the end, Next, we do the same thing for the second text entry
box, clearing its text as well. Finally, we reset the result label to its default message by
configuring its textto"...". :
4.Create main window along with the title of the program should be the next step using:

16  root = tk.Tk()

17 root.title("Simple Adder")

5.As a next step we setup input fields:

r 19  entryl = tk.Entry(root, width=18)

20 entryl.grid(row=e, culumn-e padnus, par.ly-E}
21 Ead
22 entry2 = tk. Entr‘y{mut wir.ith-laj

23 entry2 .grid[rm-ﬂ CE‘-“ltIH'Iﬂ=1 padx=5, pady:S}

We create a little text. bua: rJ lthe user tu type in. The 'tk.Entry() creates the box itself and we
have set it to be 10 Characters wide. Then using ‘grid()' we put.it in the top left corner of our
window (row U ana cowim:: 0 to be specific). We also added a little bit of space around it i.e. 5
pixels on all sides using padx and pady. Similarly for the second text box next to the first one, in
the same row (row 0) but one column over (column 1).
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with npen{ ah:’- "txt_"' } -as ﬂle.'
for \char in ﬁié.r‘ead()
~[| | \\ peint(char, end="")
pr'int( \nFile read successfully")
E‘E FileNotFoundError:
print("Error: The file does not exist.")

|ex:e§t| I0Error:

| print(“Error: An issue occurred while reading the file.")

.. I Activity 6 )

e
Write a program to open the file ‘abc.txt’ in read-mode. Create another file ‘xyz.txt’ and
write the contents of abc.txt by reading character by character.

3.2.8 GUlin Python

Graphical User linterface (GUI) improves the usability- and aﬁce-isibﬂitv n’f applications as
compared to Command-Line Interfaa:e {GL!} tﬁtems whith requfre users to write commands. In
GUI through components like menus, text fields;- buttons etc., users may interact with the
program more smoothly. Pythun pmﬂdeia library for developing GUIs and games namely ‘Tkinter
to handle common ﬁd!.k.s like user input i.e. the steps to be taken when a button is clicked. Tkinter
is a huﬂﬁ—iﬁ ny’dmn library used to create GUIs. It allows programmers to create interactive
appticatiun components, like desktop Applications including word processors, media players and
basic utilities where all their interfaces can be made with Tkinter. Tkinter also can be used for
creating 2D games with simple graphics. Game elements and windows can be created and user
inputs like keyboard and mouse clicks can be controlled using functions provided by Tkinter.
Options provided by Tkinter, include:

< The basic components of the interface are called widgets which include checkboxes, buttons,
labels and text boxes. We can organize and modify widgets to make the layout as desired.

2 Tkinter also is used for event handling like mouse clicks, key presses and window resizing. We
can use code to create responses to these events for interactive and dynamic applications.

The arrangement of GUI components and the underlying logic are generally kept separate in the
code.

Simple Number Adder with GUI

Before moving on with the code, ﬂ'. ls qmte helpfut T.I:I undentand lhe steps involved in creating a
GUI using Tkinter library. Let. us| t:raate a simple Adder application which takes in two numbers as
input and when the iAdd' huttun is pressed, the result gets displayed. Major steps are:

P—————— N T —
1. Firxtnff au fmpm the tkinter library in Python code and
create the main application window which will hold all import tkinter as tk
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hequick bmun fux jl.mps over the.lazy dag-

Read Existing Files A A BN Y

Next, let's read the contents: uf an existing 'ﬂfé llke the ﬁle abc.txt' that we just created and
saved. The file "abc. txt" isqﬂeqed in read mode (') in the first line of Fig.3.13. An error message
will be displayed if | thefile Es ‘missing. As can be seenin line 2, using a for-loop the whole file is read
character-by-character and printed on the screen without adding a new line after each character.

Lastly, a confirmation message is displayed on line 4 that the file is successfully read, as shown in
the output.

llwith open ("abec.txt", "r") as file:

2| for char in file.read():
3 print (char, end="")
4|print ("\nFile read character by character successfully!") :

Output The quick brown fox jumps over the lazy dog .
J|File read character by character successfully!
rem——

EFrors May arise while dealing with files nnd may result fnahnurmal terminatiun of the program.
To avoid this, Try-except' bl'.OCIES are usél;l to-handle possible problems while accessing and
working with files. Typical qsrue&"lnclm trying to open a nonexistent file, reading from a file or
running into muqq when ufmmg data. Alternative actions can be implemented by enclosing file

operations in a“try block and addressing particular exceptions such as ‘FileNotFoundError’,
PermissionError or TOError’ in the except block as shown inFig 3. 14




(with complete path) while the uther &rgument 1; the desired rmde of operation (reading,
writing, appending, etr:,} A i YN

D After the file is npenqd m rt-ad fnn-de its contents can be extracted by using read() function
and thecmnﬁpﬂsﬁe c‘:&n’tents of thefile is obtained as astring.

> Write mode allows you to add new material or edit already-existing information to the file
using write() function.

2 You may add new data at the end of an already-existing file without erasing its contents, by
using the append mode using the add() technique.

2 Theclose() function must be used to close a file once you have completed working withit. This
guarantees data integrity and releases system memory that was in use by the file.

Example: Program To Create An Empty File And Write Contentin It.

For the code in Fig.3.11, in the first: {ine a file named ‘abc. txt' is created (if it already does not
exist) with open() function and returns a file handler. Thereafter, every operation uses this file
handler to operate on the file. For example, in the very ngxt\hnasa;senteﬁce}swﬁtten in the file,
using write() function using ‘new_file’ file nandler 1n [Ine -4 a message for the user is displayed
such that the contents of tt}eﬁle mbe Lr\ked J:y naenT ng 1t as shown in the output. Lastly, for
every file that is opened, 11; ngeds tubee‘: Citly closed before the program terminates, and that
is generally thf%-ast I*mp.]d)f théprugram

1 nmr_filu = open("abe. txt", "w") l
2new_file.write ("The gquick brown fox jumps over the lagy dog !!!")

3 z

4|print("File created and written to successfully!'")
S5\naw_fila.elose()

..... : Ty

The quick brmm fox jumps over the lazy dog (Il

Alternatively, as shown in Fig.3.12, we can use e the ‘with keynrmrd The beneﬁt of using with
keyword for opening file is that the file does not need to be closed explicitly and specially in case
of an error, it will automatically be closed. For the sake of clarity, as we are writing the same
sentence as of Fig 3.11, but without ‘l!!' at the end of the sentence, just to distinguish that new

text has been updated, When executed, the updated output of the same file is shown in the
output.
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cnmpnses of all the data related to studeraf in e\rErg ,ruw, Line ¥ shum hnw to extract the
registration number from the hst Whl[& tmﬂ 9-depicts how to select marks from the list.
Furthermore, on line 12 we”nserta new record in the dictionary and print the whole dictionary in

the next line whml‘l shows all the records in the dictionary. To understand how to access the list ‘
elements in the dictionary, let's assume that the second subject marks of the record that we just
inserted needs to be updated. In line 19, based on the key being the student’s name, we update .

the marks of the second subject. Lastly, on line 24, using a for loop in terms of the key-value pair
we print all the items of the dictionary.

A primary school has subject teachers such that a teacher teaches only 2 subjects to a class.
Assuming, each class studies 8 subjects in total. Write a program using list as a value in
dictionary, so that ‘class’ becomes the key and respective 'teachers’ are stored as values.

3.2.7 Filesin Python ) _._ij-.'f'_-fﬁifff N
Importance of Disk I/0 A QAN LY -

Disk input/output (1/0) is \ntill ﬁjr e?ﬁg:lent data handhng and nptimal system performance in
computers. Disk 1/0_brid bEMEEn the CPU and HDD for information retrieval, such that
relevant data {s]pasaeﬂ the CPU for processing and later is stored back on permanent storage
devices. Almost all computer operations are supported by this continuous data interchange, from
launching of the programs, opening files and save changes made by user.

In Python, files are mainly of two types:
TextFile:

In a text file, data is stored through characters like .txt, .csv, etc. Point to note here is that a
special marker called End Of Line' (EOL) generally "n' is used to highlight completion of a line.
This way, Python knows that a new line is starting after EOL marker.

Binary File:

In a binary file data is stored in combination of Os and 1s, i.e. binary data. Binary files are not
meant for humans but rather for other programs to read information. Images (having extension
.jpg, .png), audio (.mp3), video (.mp4) and exe:;ur.abl.e prngrarHﬂu#Ke} arealleﬁmpies of binary
files. ’ - . \

File Handling Methods and Bperabons QS
Data in files from storage tlimrmesls hrnught up in RAM, where functions like creation of new file,
reading and updam_ng of atready existing file, closing the file, etc. can be performed on the files,

Python has file handling methods that let you work with files and you may interact with files in an
organized manner and create, read, write and modify their contents programmatically, using:

2 The open() method is used to access a file such that it takes in 2 arguments, one is file name
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3.2.6 List as a Value in Dictiopia ﬁ &L\ |

Adictionary comprises n ~al mulnpte values against a key can be stored in
the dictionary in th example every record of a student can be stored in the

dictionar kf\’ ‘ﬁtudent s name will act as the key while the registration number and
marks will values. Tostore mumple values, a list can be used.

students = l

“Sara";: ["345", 85, 90, 7B},
3 "-'-'I-Ill": [*678", 75, BB, 982],
| “Zaid": [“s12", BO, 79, 95]
1l

5ara_reg_num = utudmt.u[ Sara"][0]

|print(*Sara‘'s Reg. No.: ", sara_reg_num)

| jamal marks = students["Jamal*T[1] _
lprintT*Jamal's Marks for first subject are: ", jamal marks)
11
|/| students ["Asra*] = ["234", T8, 85, 90]
Lprint{students, "\n")

I student name = "Azra”

i5| subject index = 2 )

/| new mark = 100 @O\S‘\E‘u

iuj LE atud-:lé_'_rm in students: F(—i

13 students|student name]jfsub @'\;EE!

Jul rint (Emewe ka u }Lat index [subject index| \n")
dlelaa: " ".." y!

print(’ Etud-nt

for n utudant: items () :
[n.-nl i
t(f" mur.rn.mn Number: ", [details|[0]})

F:int{f“!ﬁrkl [", end="") , O
print (details(1],’, ' details(2], ‘' ,details[3], "]\n")

|Sara's Reg. No.: 345 R =

J 1's Marks for first act are:

{";:Il': ['345', B85, 90, T!i, ‘Jamal’: ['678', 75, 88, 921,
‘gaid': ['912', 80, 79, 95], ‘Azra’: ['234', 78, 85, 90]}

#»*+ Marks updated for Azra at index 2

Hame: Sara
Registration Number: ({'345') |
Marks: [85 , 90 , 78 ] I
o |Name: Jamal

 Output | Registration Number: {'678'}
Marks: [75 , 88 , 92 ]

R
Wg&a ation Number: {'234’}
%Nﬁ% (76 , 100 , 90 ]

._—
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Tailor mecqcbdfﬁgg 8, such that for all odd values of the matrix the sign should be inverted
while for alleven values multiply it by 2.
e
|matzix = [
2 i, 2, 31, -
3 [4, 5, 8],
4 [7, 8, 3
10 |
6/PrEAnt ("Matrix is: ' matrix)
T|fex i in matrix:
8 print.(i)
9
l10|trans = [ e
L1 [v,0,0r, L—. _--,r-'l,'.{xr'._%"::'.\':.-'-,"-l
B, [o0,0,0], - s “‘.\:-"“Im.'.(' 2 1"\_'23-':1“" !
> 10,0,9) O A T O [ 1°8e careful about the
Tk ! WO A L indices as it may return the
16/f82 row in range mn[mtrd_ﬂj'i\\\ e ) original matrix and not the
17|  for col ism lnq'-{ﬂ-lntmitﬂ.xn transpose of the matrix,
14 \lcqnpi{[élij {row] = matrix[row] [col] *
19 o |\
20 p:i.ntf"rranspnnn of the Matrix is: ', trans)
21|fer § in trans:
27 print (3)
Matrix is: ((1, 2, 3], (4, 5, 6], (7, 8, 9])
1, 2, 3]
4, 5, 6]
(7, 8, 9)
Transpose of the Matrix is: [[1, 4, 7], [2, 5, B8], [3, 6, 9]]
i, 4, 7
[2, 5, 8] :
[3, 6, 9] v
[ output Matrix is: [[1, 2, 3], [4, 5, 6], [7, 8, 9]]
(1, 2, 3]
[4, 5, €]
(7, 8 9] G
mm-umnuuu u:. Ll] u 5 81, 17, 8, 911l
1, 2, 31 A U | (EaE
[4, & 61 "-, ‘,: [
e 7 'n’j i =

A matrix ‘X' is symmetric matrix, if X = (Transpose of X). Write code to determine whether
a given matrix is symmetric matrix or not.
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A nested list is a list of- I1 ls m;t} that the inner hsts or sub-lists can further contain list as
elements. Nested thit!s dhﬂ:e useful in handling complex data like matrices. So, to explore nested
list let's try to create a matrix and print it. First, we define a 3x3 matrix. This is achieved using a
nested-list such that every element of the list is itself a list and contains row-wise data. As shown
in Fig.3.8, we initialized a 3x3 matrix and thereafter on line 6 just by passing the matrix name as
an argument to the print() function, we can get it printed. The first line of the output clearly
distinguishes the multiple lists that exist in the list. Next, we print the matrix on line 8 using a for-
loop. Since, the list has only 3 members, the loop will execute thrice and in every iteration a row
gets printed, hence in the form of a matrix. Lastly, on line 11 we use nested loop, such that the
outer loop index is 'row’ while the inner loop index is ‘col’. This way, for the first row, all columns
will be printed and then the same will be processed for second and third rows and the whole
matrix gets printed in a single line. To modify the code and get it printed in the form of a matrix, is

left as an activity for you. R
Sl R ] .'.x"' 1 ~.-.J r: e i

| matrix = [ ® 'S ' I‘"-?L, "" "'.,\\.x‘: I'I [ Eado=

2 1, 2, 31, !_ “ .

3 (4. 5, 6], AT e W VO W WA= T

: (7, 8, 91, = A0 L e

: print t“tf'\]iFjl_I\:\' [Il o B

s | '-.____"'_F' A

B for i i:{'l-uiitx:ix:

q print(i) ((1, 2, 3), (4, 5, 6], (7, 8, 9]
10 (1, 2, 3]
11 for row in range(len(matrix)): [4, 5, €] "
17 for col in range(len(matrix)): [7, 8, 3] i

13 print (matrix[row] [col], -n.nr.l: .,y |1, 2, 3, 4, 5, 6, 7, 8, 9,
R P38 Finting  Wavi i Nested s s ——
In this code, a 3x3 matrix is defined, and its transpose is calculated and printed. In line 2-4, the
original matrix is given with numbers. In line 7, the code initializes an empty list to store the
transpose, Lines 9-12 iterate through each column of the original matrix and create rows for the
transpose. In line 13, each new row is appended to the transpose list. Finally, in lines 16-17, the
code prints the transposed matrix. The transpose swaps the rows and c-:}lumns gf the original
matrix. a LY

Thereafter, we extend the program to calculate I:he transpnse uf“ the matnx and printit. For this
purpose, on line 10 of Fig.3.9 we |mtlalizefd anuthﬁr matrix. On line 16, just like in the last
example, we placed a nested Inap a3 we ‘now-how to access the nested list contents one-by-one.
But, while assugrung thepé values to the transpose matrix the rows should be converted into
columns and \Hce, versa. Therefore, note that the indices of the transpose matrix are reversed,
which will result in the element at row 1 and column 2 to be placed at column 1 and row 2, which

was the desired outcome. In lines 17-19, the output reflects successful creation of transpose
matrix of the given matrix.




student test number = [}
while True:

name = input {"i‘.‘ntiar s‘tud-nt muu tnr

we :l] —' !qt i L

if name. 1____
NI

- :._ '-_". |

‘q' to quit): ")

grld:- = ﬂoit [mput ("Enter Test-Number for (}: ".format(name)))

student_test number[name] =

grade

o0 =1 BN e Ld B

o

10
11

name = input("Enter student name to view test-number:

if name in student_test number:

")

print (f"{name}'s test-number:

{student test number [name]}")

lllalse:
13| print (£"Student

'{name}' not found.")

Enter student name (or 'q' to quit): Amir
Enter Test-Number for Amir: 90

Enter Student name (or 'q' to quit): Bilal
Enter Test-Number for Bilal: 87

Enter Student name (or 'q' to quj.a:)u 1111“!1:

Output | Enter Test-Number for- m{lhm ="
Enter student name lox 'q" to quit): zaid
Enter Test for Zaid: 88
Enter| student name (or 'q' to quit):

TN hh:l: ‘student name to view hut-n:ﬂu: Bilal

Bilal’s test-number: 87.0
56 Seotian ey m ooy 1
Note that, it takes significantly less time to find a value in a dictionary than it does to search a list
in Python. This is the reason because in lists we need to go through each item individually in order

to locate what you're searching for whereas in dictionaries using the key-value pair, we can locate
the searching item quickly.

Findinga Value in a Dictionary v/s List

For the sake of better understanding, a program was written where a list and dictionary were
randomly populated with 1 lakh entries. Such that a list of strings of 4-characters was setup while
for every 4-character in the dictionary a corresponding key value was randomly arranged. Next 1
random element was searched in both the programming constructs and their times were noted.
The difference of time clearly shows the searching in dictionary. is ﬁsr.er ascompared to the list,
as showninFig.3.7. Sample of pupulated‘dat&’in dicﬂonary ar‘td list are shown in first two lines.

Search nn.lt: nu.‘rr} tzuus- ‘dlei’)
Search results || st): ['uiib’)
Dicti ﬂueh time: 1.000166 msec

l.utaml:hti- 3.000259 msec
D.‘.fﬂnnnlulﬁm Dictionary Time - List Tima:

RS ! Fig.d.7: Dﬁferen:e of time tn Sea:-::h in dir:t#unary vis lIIL

=2.000093 msec
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students and their respective test numbers from the u.r.er are talr.en m, as shm'm in Fig 3.6. Lastly,
the student name is asked tu be searthed in the dictionary and corresponding search result fs

displayed.

student’ gridn = [ .
'ln.lr H gur
'Bilal': 85,
'Dilawar’: 92

print (£"(student): {(grade}")

student grades['Zaid'] = 88
student_grades|['Bilal'] = 87

kl ttﬂmt_ﬂm. [ 'nil‘m. ] LA LR R L L e e L Rt
‘

15{4f 'Dilawar' in student_grades: H
print(£”\n Dilawar’'s grade: ". ltudmt grid“[’ni.l.uar"]a ""m"}i
17 eloe: H
print.{"stud'nt Duﬂ-t not !wnd ‘in*} :
20| for student, grl:h ,im -t-,ud-nt gudn items(): f
pc:l.nfatﬂ [q&ﬂ.nt} “{grade} ") :
"_
Amirp;: 50 '
Bilal: 85 |ovteut without Amir: 90 Output with
Dilavas: 92 L—mei3 Pilal: 85 line 13
Dilawar: 92
Output Dilawaz’'s grade: 92 Student Dilawar not found
Ii.l.-::.-l:‘l Confirmation Amir: 90 | Confirmation
5 via Bilal: 8 via

Dilawas: 92
Zaid: 88 e Zaid: 88 '

Extend the program of Fig 3.5 in sucha wa'; that if me searthed item is not found in the
dictionary, ask the user if it needs to: be added If user presses 'y for yes, then the key and
respective value [tu betﬁkﬂn ihpul;]l are'to'be added.
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grades -l{aﬁ 92 ?a 92 85, 95}
Priﬂt{gi‘adas} l
grades add (88) |
print (grades) )
if 92 in grades: |
. print("student has 92 among the grades.") J

= B - Y N

{%2, B85, 78, 95}
{78, 85, 88, 92, 95}
Student has 92 among thae grades.

3.2.4Dictionary P

Dictionary StoreKey-ValuePairs . © 1\ ()| () [
Dictionary is an essential data strucu;re ‘ﬁn Pg@han-tl‘pat is used tn store and arrange data in an
organized way using key-value pairs; suich ‘that each key represents a distinct value, i.e. each key
isassociated witha. parﬂcplhr*.ralue List have index while in dictionary it can be of any data type,

For example, in’ a :phmie book where the phone number (value) and the person's name (key) are
associated with each other. By searching for the matching name, we may quickly get the phone

number. Because of this fundamental idea, dictionaries may be used for storing and retrieving
information by associating unique keys with values.

In order for keys to be used for searching, they must be unchangeable types of data like strings,
integers or tuples. Values may store complicated data structures with flexibility since they can be

any data type including texts, integers, lists and even other dictionaries. By design dictionaries

avoid duplicate keys such that every key acts as a unique label hence avoiding reshuffling of data. \
Dictionaries maintain an ordered link among keys and their corresponding values, like keeping

track of passwords and usernames, etc.

The Python code in Fig.3.5 shows how to add, create and retrieve entries from a dictionary.
Initially a dictionary is initialized with 3 student records where student names beingthe key and
their respective marks are the values associated with the keysmirrimediately after that on line 7
and 8 using for loop, we print the dlcnunarr. On ling’ H]I ‘we add another student ‘Zaid' in the
dictionary, which is added at the end of the list, Asm‘ular statement for ‘Bilal' is written, sinceit is
already in the dictionary, its' val'.ue witl he uuﬂated On line 13, we removed 'Dilawar’ from the
dictionary. For cunﬂnﬁat:'-ph in the next 4 lines using conditional statements (if-else) we checked
for 'Dilawar’ in nhe d‘rctinnary Lastly, final dictionary is printed again. Point to note here is that if
we comment line 13, record of ‘Dilawar’ will not be deleted, The corresponding outputs of the said
program and after commenting line 13, both are shown for better understa nding.

Next, we modify the code such that an empty dictionary is created and thereafter, name of

57 W e D U D I N v ) D Y . D A . O O O B vt e Y



1 grades = {35 !IE Tli"- 92 E'EPLEE?

2 print(grades) ||\ '

3 print lif'ﬁr-t gnda ", grades[0])

4 print("Third grade:", grades[2])
51if 92 in grades:

6/ print("Student got 92”)

‘ 7 print(grades.count (92))

8 new_grades = grades + (88, 90)

9/ print (new_grades) Output
(85, 92, 78, 92, B85, 95)
First grndi- 85
Third grade: 78
Etﬂdﬂnt got 92

(us 92, 78, 92, 85;(95, 88. 90)

On line 1 we create a t{lp[E M 5tudentgr?aﬁﬂs- riarnely grades and initialize it with some sample
grades and print it in 1|:ij nex.t line which shows duplicate values as well. However, individual
grades are ap{ieéﬂed by specifying the index (which starts from 0) on line 3 and 4. To check if a
specific grade exists in the tuple the “in" operator can also be used with tuples as we used in line
5. Additionally, to find the number of occurrences of a grade "count()’ method retumns the
number of times a specific value appears in the tuple as shown in line 7. Line 8 shows that we can
create a new tuple by concatenating existing tuples using the '+ operator.

3.2.3Sets

Sets in Python are represented using ‘{_,_,_}' and are collections of unique and unordered
elements i.e. a set cannot comprise of duplicate values. Aset will only hold one instance even if
the same value is added to it more thanonce. Sets can be used tostore a list of unique usernames,
! product IDs, etc. Using the 'in’ operator it is quite easy to check whether a particular element
existsinasetornot.
, Initially on line 1 a set of student grades is created namely grade; and-s miﬁalited with some
! sample grades. Notice that duplicate grades (85 and 92) emst in the initial asmgned values. Since
| sets only store unique values, the duplicatm mil be automatmally removed. Line 2 prints the set
‘grades’, demonstrating thatthe duphﬁates“have been removed.
Next, we add anew grPJ:Ie tutheset i.e. 88 on line 3 using the "add()’ method. Line 4 prints the
', set again sh{mﬂng ‘the updated values. To check if a specific grade exists in the set, the in’
' operator is used. Inline 5, if 92 is foundin the set, then a message is printed.

|

|
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student_grades = [Fﬁq 92 ?! 95 82]

student anhh _ 90)

print (“Grades sfter nddinq # new gcada:”, student grades)
student_grades append|(100)
ptintl"ﬂrlﬂ:u after adding ancther new grads:”, student _grades)

OO = On U B Lo Pub o=

student grades.remove(78)

print("Gredes sfter removing a grads:", student grades)

lowest grade = student grades.pop (2)

pPrint ("Grades after removing the grade on index 2:", student_grades)

L
et B3 e S D

if 88 in student _grades:
student_grades .femove (88)
else:
print ("Grades83 not found in the liast™)

e e e
00 =1 % LN e

average grade = [sum|(student_grades) / [len](student . grades) ..
print ("Average grade:", {average . gr-dn}} e _I[I;&fﬁkg

i
(¥ - ]

Grades after adding a new grade: ‘[ 5; !"h ﬂ' TB, !5 82]

Grades after adding mmﬁnﬂrqﬁ: [85, sz. 90, 78, 95, 82, 100]
Grades after removing a grade: [85, 52, 90, 95, 82, 100]

Grades after removing the grade on index 2: [85, 92, 95, 82, 100]
Grade 88 not found in the list

Average grade: (90.8)

F | Activity 1
Extend the program of Fig.3.2 to search for all odd numbers in the list and remove them. |

Moreover, there are scenarios, where a particular value is not in the list but you intend to remove
it and results in an error. So, a good programming practice is to use conditional (if-else) statement
as we have used in lines 13-16. This way, if the number is in the list, it will be deleted otherwise it
won't abnormally terminate the program rather a message is printed that the said number is not
found, or something like this. Lastly, using the sumu and Iinﬂ funntlnns, we. caleulated the
average grade of the student without usingany Imp. WAVAIN

3.2.2Tuples e ] =

In Python, tuples are repre&en;pd Lﬂiﬂg' t_,_._]' and are a special type of list having one feature
that they are immqtébie ie a tuple’s contents cannot be updated once it has been created. We
can view the objects and their arrangements but we cannot add, remove or rearrange them.
Tuples are used when a set of values must remain in order and unchanging throughout the

program. For example the days of the week (("Monday", “Tuesday”, "Wednesday")) or geographical
coordinates (latitude and longitude), etc.

—CrmrTTT— () BT



terms, a 'Vehicle' rn.ziy hawe attmutes such as speed calur wheels and operations like
accelerate()and hralfef ). If we speciﬁ.r it further for a'Car’ whichis a type of 'Vehicle', so we do not
need to. deﬁne the abuve stated attributes and operations again because 'Car’ inherited these
from 'Vehicle' being a derived/sub class and automatically owns these properties and functions of

'Vehicle'. However, 'Car’ may have its own additional properties like ‘seatingCapacity’ and
operation like openSunroof().

Polymorphism allows objects from various classes to be considered as instances of a common
type, though the implementation of the common type differs among the various classes in their

own unique way. This allows writing generic code that can deal with a wide variety of objects.
Polymorphism makes it easier to modify object behavior.

For example, the common type "Shape’can be a triangle, rectangle or circle. Though all three are
shapes but have their own distinct properties and operations like draw, resize, calculate-area,
etc. Polymorphism is useful in such scenarios where a common operation applies for all but
implementation differs based on the type of shape. In context of specific shapes triangle needs
base and height, rectangle uses length and width whiladralef equtr@s tadius to calculate the
area. Instead of writing three separate -specmr. ta[;:u‘lata-area methods (which may increase the
more shapes we take lnlo consi'cleratiunL via polymorphism we can send a simple instruction to
different objects such ai draw-}rmirself and each object will perform the operation in its own
prescandﬁ,ﬁygnthe' Basis of type of shape.

3.2 Programming Constructs in Python
3.2.1List

List is a basic data structure in Python that holds groups of elements in a sequential manner. This
flexibility allows list to store elements of various data types such as boolean, integers, etc. The
order that things are added is maintained by lists. Index 0 will have the first item inserted, index 1
will have the second, and so on. This arrangement is essential for retrieving elements based on
their location. Different data types can be stored as elements in the same list. List sizes are
dynamic, i.e, elements can be added or removed as required.

In Fig.3.2, let's utilize the common functions of adding and removing items from the list. Initially,
on line 1 we defined a list namely ‘student_grades’ with 5 elements, in it, to, store grades of a
student for instance. On line 3, we inserted an additicmal grdde of 90 in‘the list on index 2, using
the insert() function. Alternative’ to insert any ﬂ‘;her value is I:w using the append() function,
which we used in line ﬁand 1{tserted anﬂther value of 100 which was added at the end of the list.
Thereafter, on line. the value of 78 from the list was deleted using remove() function. Another
way to. rarptwe ani; element from the list is using the pop() function, such that index number
needs to be mentioned. This way, we can remove an element from the list either if the element or
its index number is known. -
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properties, such as size, l:ulur‘ nr number l:l-f rtufims All objects have the same basic structure as
defined by the class apar! tii nwnspe::iﬁc characteristics. Objects in a program interact with one
another to 'rmltatb real-worid situations and improve the organization and modularity of the
code.

The ‘Stationaryltem’ class (as shown in table) acts as the stencil for all stationary items in the
bookstore. Individual goods developed by this session include pens, pencils and notebooks. Each
item has unique values for attributes such as name, price and color. The methods of the class
allow you to retrieve or change these attributes which allows managing of information about
various stationary items easily.

Class: Stationaryltem o
Attributes; ) ; Object 2: A red ABC pencil.
name (e.g., "Pen", 'Fuéil'. Wi name; "Pencil”

: 200 (e U
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color (e.g., "Blue”, "Black’, "Red", "Green’) Jeolof: Blue" | (| "1 "\51 FU | cot6r: ea

| L e i LR %L

brand (e.g., "XYZ", "ABC", "DEF') ’;h \caf h*""“{' e brand: "ABC”
It can have mmwmwiﬁuﬁmhhmﬂmm. set_price() to adjust the price of the said
item, etc. "\I

Encapsulation is the process of information hiding by combining data (attributes) and the
methods that operate on the data into a single entity, i.e. a class. The main cencept is to keep
together the data and methods that are relevant. Encapsulation does not allow direct access to
some components but via some designated methods provided by the object. This way internal
working of anobject is hidden. Encapsulation protects data from unwanted access or changes and
also improves code ta be written in modules and easy to read and understand.

For instance, in a bank, the account holder's name, account number and balance are critical
information. Rather than changing the balance directly, deposit(amount) method will add the
amount to the balance while withdraw(amount) method will subtract the said amount from the
balance. Further, get_balance() method will retrieve current balance without changmg the
balance figures. This way, critical informationare encapsulated and cannnt be. mndiﬁed directly.

Abstraction simplifies creating complicated scenarios by shomngmty the HECEESEW information
and usefulness. It provides only essential, mfurmatmn ahmut the data to others, hiding the
background details or lmplﬁnﬂntntmn Ennmﬂer a vehicle for example, where we are mainly
concerned with common o eratinns 'such as start, stop and accelerate. But the underlying
mechanism of hnw g'lneb s fuel andshifting of gears, etc. are kept hidden.

Inheritance alim-.rs you to create new classes (subclasses or derived classes) from existing parent
classes. Subclasses inherit the attributes and methods of their parent class, helping in reducing
repetition of codes. This idea promotes the efficient extension of existing structures. In general




3.1.2 Object Oriented Prugrammmg _:‘:'-1{',- | S
Object Oriented Programming {DDP} s suftwa[e develﬁpmt-:-nt parad1gm based on the data and
objects, which include funr.tiaﬂs {mﬂthix\:‘s} 'that define the behavior and data (attributes) to
indicate the propertigs of| nb]ects These are the program’s building blocks to regenerate the
actual ub]eml and the1r functionalities, in code. The programs designed using OOP paradigm
represents the physical attributes of the objects from real world and therefore developers have a
more natural understanding of the problem to be solved by devising the program around objects
and their actions.

The main advantage of using OOP paradigm is that the emphasis in problem solving is on objects
and not the logic. The program reflects real-world objects like car, fruit, etc. This approach
makes it easier to understand the problem, design solution and change the code if needed. OOPis
implemented through classes which allow defining initially the object and their functionalities
and later physical instances are created on spot when need to be used in the program. This is
quite useful for complex systems where developers can map objects and their associations to be
realistic and handle them more efficiently. OOP limits direct access to data Inr safety and
reliability of data and programs. A e RN rARCSSS
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Simplifies complex s‘,-stems I:rp hreaking them fnto May resuit in complex designs if not implemented

'smaller reusable components. thoughtfully.
Hides implementation details, hence improving | At times code is harder to understand and debug
code maintainability and security. due to encapsulation.
Establishes hierarchical relationships between Rigid design due to inheritance may reduce
classes. flexibility.
' Objects of different types are treated as if they Polymorphism increases complexity, making code
| were of the same type. harder to understand and reason about. .
' Represents real-world objects and their May not be well-suited for certain problems, such
relationships effectively. as corrputntbnl{l}f intensive tasks.
Kev Concepts ~ \ - J_ '-_"'.:;I" ':I‘.:::-il .:}/\ :I_ _’\ FRARN

Aclass is an object creation stencil qr temp[atﬂ. lt apeciﬁes a :ullectmn of methods (functions)
and attributes (variablesor pmperries] that its objects will hold. Youare creating an instance of a
class when yo cregtepH abjew:t from it. Although each object has a distinct set of data (attribute
values), meh all'use the same class-defined methods. You may effectively express and control
complicated data structures and behaviors in your program with this paradigm.

An object is an instance of a class that denotes a physical thing, such a person, a car or a bank
account. Every object has distinct properties (attributes) and behaviors (methods). For instance,
each home (object) constructed from a class that specifies the structure of a house has particular
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3.1 The Programming Paradigm

The term' programming pa adingﬁcﬁEs a 1».*its.'ll process for creating and organizing computer
program code, lll; hﬁ{ps in the structure of code, program flow and managing of data for
programmers. In other words it can be termed as a particular methodology to use programming
language for problem solving. Although programmers can design their own unique structures and
functions inside a language, these can't be termed as a paradigm, as it is the programming
language that specifies and provides guidelines and functions in terms of what and how to
develop. Thus, a programming language paradigm offers a particular way to arrange various
functionalities in order to accomplish specified objectives. Additionally, it facilitates the
developers with standard tools and implementation techniques that are used commonly for
effective problem-solving which helps developers to focus on the specific task in hand and design
solution effectively. The most commonly used programming languages include Python, Java, SQL,
etc.

3.1.1 Functional Programming

Functional programming is the paradigm of sruftwam"
development which was and is followed by manyg e\spemuy 1%
for small applications wherﬁ \the “code is\divl‘deﬁ into
functions based on fun tinhahfj‘._ The' developers in
functional pros &tm{uiﬁg €us more on 'what' is to be
achieved rather ‘than 'how' to address the problem. The
solution of the problem in hand is divided into segments and
each segment is typically addressed in functions. This way,
every step of the solution is mapped in a group of functions as
shown in Fig. 3 1
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' Sinipler code. Muteasrfnrhegmrm Haedspﬁctlm ' E

?Cu_deis easier to track for logic and debug. May involve with overhead especially whm
. handling large data structures.
' Functions are easier to test and run. Complex algorithms ma ha:r'i,w to express,

often requiring higher ot rﬁ;ﬂwﬂs

Naturally supports parallel and cnncu?renf Reqm*es tamfm I'nndl'.ing of data sharing and
| programming. A synthrmiﬂhnnfurefﬁcientmcuﬁm

'Emphasizes on what to W& rnﬂ'ter than huw, May be less efficient in perfnrmince-crlti:li
' hence rmrecnm:iﬁqm:l@ scenarios.
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So, if the flow is clear how to achieve the solution, it becomes easier in functional programming.
This way, updating the code for any changes becomes simpler as only that particular functions(s)
need to be modified and whole program does not need to be read and understood




