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At the end uf thfs unit students will be able to:

analyze data and identify key model performance metrics of real-world machine
learning models.

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 backtuhypotbeses
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Hello, What’s your nameidbrac. | ! ;

ekayl Abrar I am Guessing 3 ﬂlH:m"r Mﬁ!?n 1 md iﬂﬂ
@ T k‘- [ A 4
Your guess j,; tmim A L S e

75

Yolr guess is toﬂ high

&8

Your gusss is too high

55

Your guess is too low

5B

Yourguessed the pumber in 5 triesl

Hﬂln, What's your nome?Azam
okayl Azem I am Guessing a number between 1 and 188:
58

Your guess i too low
75

Your guess 1s too low
g& |
Your guess 15 too high

BS

Your guess is too high

Be

Your guess 1s too high

vou did rot guess the nusber, The number was 78

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 £ile nama = 'sbe.txt’
target letter = 'S

file = open(file_name, "r"}

text = fila.read()

fila.close )

except Exllﬂuﬂmmﬂrpex P W
print(f"Errer: H.—lq '{!1!1

9 exit() — J ",I '.I AR

1o count = & [ \vj\l 13

11 for chaR N text:

m ol O U R Wl s

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 ‘abe. txt'.
However, the code does not execute, Debug and remove any bug(s) from the code.
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| whenever an object fs missed.

L‘? Mini Prnject 1

Demgn a game where mulhple objecls are falhng from the tup The objective is ;o “Catch The
' Falling Objects” using arrow keys. For every catch, ascore mcrgases to1, ﬂqm{ (The game ends

T“? Hini Prnject 2
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i Des1gn two thmbexé such that the first is fur entering text whrle the 5ecand shows the text |

i converted to upperc

ase. The user can click on the first textbox and type a sentence. As the user |

l2)\‘{"'1’-'5. the 5ecand textbox automatically displays the uppercase version, The second textboxis
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’ Give :lon;ah*swérs 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 highlighting 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. LAY

5. Write a Python program to create a file named data;_txt, wr;ltg astringta?:t am:i then read
the content of the file and display the m‘twt |

6. Create a Python prﬂﬂmmthat amend; & new Hﬂe nf teﬂt tn an existing file, If the file does not
exist, it should create new ﬁle

7. Write Pytl'pn;:bdeyﬁﬁkPﬂame 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
printsthe 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 1Qam:tthe player wﬂl try to guess
* the number in 5 tries. For every incorrect guess, thie prugram provides a hint whether the last
guess was on higher or lower side. If. the:numf:ar 15 successfu ully guessed then a Congratulating
message should be dlsplayed along within how many attempts the number was guessed
correctly. Dthemue another message should be displayedalong with the chosen number,
The outputs ﬂ'lﬁuld look like:
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14. The primary goal of dehuggtngls
a, Writingnewcode | ||\ |} =~ b. Fixingerrors in the code

c Increaﬂngprog}‘dn‘il speed d, Creating a graphical interface
15. Python function used to print debugging messages tothe console
' a. print() b. debug() c. trace() : 1ug[]

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

a1 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): e
3 print{"Inner") e ,a
a.2 b. 3 A iAWY T de
‘ Give shert ans) rstothe following Short Response Questions (SRQs).

b
N

1. Elaborate programhlrg 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 1/0 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. Howcan 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 matnr’
9, What isdata normalization and why is it used mdataba;emnagémeml

10, What is debugging and why isit imp-nrtanﬁn iuftwar& develupment?

11. What seems to bethepmhtemm 3
- 535191& ditt ={"a ": 1, "b": 2}
2 ﬁ#ihf(sample dict["c"])

12. Final value of my_list after the following lines would be:

1 own_list = [1, 2, 3]:
2 own_list.append(4, 5)
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Exercise

AL
E- Select thgbe;t answer for the following Multipla—l:huice Questions (MCQs).
1. Main purpose of the programming paradigmis

a. Increase code length b. Cnrnpler.ity reduction
¢. Eliminate bugs d. Improve hardware performance
2 programming paradigm emphasizes the use of functions without changing state. ’
a. Procedural b. Functional ¢, Object-oriented d. Structural
3. Object-Oriented Programming primarily revolvesaround of the following.
a. Data structures b. Functions c. Objects d. Variables
4. InPython data structure is used to store a collection of items.
a. List b. Dictionary . Tuple d. Set _
5, Adictionarystores in Python. L
a. Keys only b.Valuesonly -F Ke&' vatue paﬁ’s ' f;:l Séuuenhal data
6. Anexampleof disk1/0 e VAR geRacA H
a. Storing a variable in m«Emm‘f k : 1‘.! Reading afile from the hard disk
c. Defininga fungmn NINE 4 d. Looping through a list
7. Towritecontent toa ﬁiein Pythan method is used,
a. file.write() b. file.insert() c. file.add() d. file. modify()
8. Aprimarykeyinadatabaseis
a. Akey that has adefault value b. Aunique identifier for records
c. Akey for linking multiple databases d. Akey used for temporary tables
9. Acommon database normalizationgoalis
a. Reducing redundancy b. Maximizing data size .
c. Increasing the number of tables d. Storing duplicate records .
10. ______keyisusedtouniquelyidentifya recordina related table. "
a. Primary b. Secondary c. Foreign _ d.Unique
11, Tocreate asimpleGUlinPython, ______libraryisused. - . FEN (I
a. Pygame b. 05 S Syi Y [ ““d.math
12. Anested list in Pythonis rEfE!'red as___ L, AR g\ A .,__',
a. Alist containing amtherlfst Bab h A list Df dictionaries

xl‘-l

c. Adlctianary of. h;t.s
13. The purpose of unit testlng in Pythaon is______

a. Test individual units of code h. Test the entire program

c. Debug the entire program d. Optimize the code for speed

i 5 i Tl Pl olfyder n & . s '} N i
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d. Aset cuntaining multiple lists




- Summary

< Programming| Farardtgm Refers tﬂ different styles and methodologres of programming
used _tr;n__mive 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 vatues can be accessed using their
corresponding keys. g AT

[P .-'. LER Y |-.'--"

* Files in Python: File handling allows P}Cthpn prl}g;amsiu fead frnm and wirite to files and
store data pennaqently CﬁmmaQ aperamns include opening, reading, writing and
closing files, '

b Dntahn:m thcmred cutlectinn of data used for efficient storage and retrieval. Tools
like: MySQL, 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.

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

3+ 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 structures like matrices.

= List as Value in Dictionary: Python allows the use of hsts as Viaiuex in d1ctmnanes such
that multiple items can be stored under aﬂnglehw A=
- Testing in Python: T&mng emurg*s the cmrectness of r.:nde

> Unit Test: Unit :esting focuses on testing small, isolated units of functionality, such as
indmuugl‘fu nctions 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,

— RN O .
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However, for the third breaknﬂint the result vﬁri‘ahle ls flagged in the code and watchpoint shows
the mimatched v,alue ascr,:mmparedta the expected value to track the bug.

 WARABLEE AP B o ohers vhg  Desitop ) W gnitted gy 3
oy — 1 def addfa, b); POFaAEEIEP T4 B9 Tostad
(» special warioblan L Feturn 2+ b
i Y 3 .
l . 4 def test_add{): ¥ Tatt furetion
’ 5 rasult = add{I, 3) @ Test case 1: Check IF 2 ¢ 7 @quals 3
" B atert result == 5, F°Test failed: Expected 5 but got [result)” 1
T
8 result = add{g, @) # Testcase 1) Check &F @+ @ cquals @
f— L assert result == 1, FTest falled: Expected 8 but got {result]”
1@
Fohily = * 1 result = addf-1, 1) B Test case 3; Crech iF <1 + 1 equaly @
[ F assert Dresult == o, FTest falled: Expected & but got (result}” result = @
i3
14 print{"All tests przsed]™)
1%
18 Eeit_add() B Run the tEet furitien

The same code Is changed for multipijcation and tests are adjusted mdingiy W‘Ell all tests be
passed? if not, which one will fail and w!'ny?Try debuggmg theen:de -

def multiply(a, ,ﬁ) A VLR ,, A
retur-n 3 » h LS

I|

1

2

B

4  def fast nuItiply{}

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() i

e
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r e assert result == 8, f'1¢
1g8
11 result = add(-1, 1)
@12 assert result == 8, f 1.:!
13
14 print{ i1 ¢ AOREH
15

def add(a, b):

16  test_add()

1
2
]
4 def wzﬂmudn
o501 result = add(2, 3)
o assert result == 5, £/
?
]
9

result = add(e, ©)

: Wil Fumt;ln-r} to be-tested
} retum"-'* -'I.- h--"- - a )

)

# Test function
# Test case 1; Check if 2 + 3 equals 5
Farled: Fxpected b oo pot {result}

H Test case 1: check if 8+ a gquals @
failed: fapdcted 0 ot qor {result}

# Test case 3: Check 1{- -1 + 1 equals @
| i t {result}

# Run the test function

Let's execute the code and debug it. We deployed 3 breakpoints on line 6, 9 and 12 to track the
values to be checked. As watchpoint we added resul.t vaﬁajﬁ& a@ﬁ tha ﬂifrﬁ.lgging starts and it
stops on first breakpoint, the result {saiexpeuteds OV S

~ WARIABLEY
w Lodad
result & ' -
el I )
3 Glabals " 'x-v-psjl 0
NN
\.-\.l\.
o
~ WATCH
result = .
[ ]
i

Ji | def dde(d,| b): )

1 '1 mwﬁ P

al

4 def test_add():

s result = add{z, 1)

6 assert result ==, FTest ﬂiled an:-ected 5 hut pt {mult} result = §
7

8 result = add(e, &) sl

] assert result == i, F7Test f:llnd Exper.ted ﬁ l:mr. gﬂt {result}
19

i1 result = add{-:, 1) A e ek gF - Lived aialy s
12 assert result == ', f"Test failed: Expected 8 but got {result}
13

14 print{*aAll tests passed!”)

' Jages 3 hp ,-ﬂ"“"-'.‘[-':-"'ﬂ"ﬂ{"“?ﬁ ﬂh\w o L

test add

Same goes with the second breakpoint.

0 Users 1 hp ) Desktop @

~ VARLABLES o)
wr Ltads 1
rasul = B ':
3 Gloduin 4
5
a B
%
b e gt
result Ef ‘g |
] e
T INoy
I"x‘l_' i s 1z
o 1
4
15

| resule s a3
IR I'.Il“l"'f mﬁt ar [y, FTest 'Flll!d E.:Ipctftd ] hilt lﬂ {r“““]! result = 8

test_add()

def add(a, b): ; !
return 8 + b - s
def test_add(): B rest __?ax‘..i “._-’:- '. I"\ HARNAS
result = a.du( £ I E cf; i)
assert ns‘qL =.--= l 'EI':IEEt falti-d ‘ixpemd 5 ‘bt got {nusult}

result = add(-1, 1) - 1 )
assert result == ., f"Test famﬂ Expw:ud L hut gut {rtsult}

print{“all tests passecl”)

& unTtestl gy [

B Rdn the test fumsilan
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3:3.2 Python Unit t"‘it P
Python's built-in-unittes ﬂ“amework is a tool that helps you check if your code works in the
desired way. Rﬂther 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:
-1~ def add(a, b): + # Function to be tested
2 | returna+b TR
3 "1<' :-_. .'-.I -Jlr: :.'\..\ AR
4 def test_add(): - Iéit ‘Fundt‘mn
5 result = add(2, 3)- \ft Test {«ase B Check if 2 + 3 equals 5
6 assert result mE AT Failed: Expected 5 but g {result}
7 SR I Jl
. B “Fi"-.lsult add(& 8) # Test case 2: check if g + Ei equals @
9 assert result == @, f'I Failed: Expected § Wi {result}
19
11 result = add(-1, 1) # Test case 3 Che:k if -1 + 1 equals @
12 assert result == @, f'Jost railed: Cupucted - {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 positive numbefa are pravided on line
5, two null values on line 8 and a positive and negatwe mlrlﬂaehbn line'11. The assert statement
checks if the output of add() matches the Expecl‘e’dvaiﬂe 1f not; it raises an error with a custom
message. If all assertions pass, fl; pﬂnl& "Mttem passed!”

To have a better ;mdeﬁ&hnding fotr ma}.r check if for different values and results. As a next step,
we assume thatexﬁécted 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:
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This code performs the transpose of a 3x3 mgtﬂ;[;wapp]ﬁg msmmc&umm] Here's a simple
explanation: R AR R R A LR R

> Line 2-3: Initfalizes a malﬂxandaﬂ emptv list tfampuse to store the result of the transposed
# 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.

% Line 16-17: Finally, the code prints the transposed matrix by printing each row in transpose.

Advanced debugging involves mare 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
breakpaints and watchpoints can be placed ina program. These methods aré especially useful for
handling complex issues. A AT [ (Bae="

The same code of Fig.3.27,can be placed'in a debug mode in ani IDE like Visual Studio.Net or an
online IDE like REPLIT which provide'a better GUI interface like selecting the line and setting the
breakpoint on the sait line: When run in debug mode step by step, the debugger not only stops at
the breakpoint 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.

"M-Ihﬂ'f-'w [ Dabugges + i main.py . Cormsi m & 3
v AL Dietrug malnpy (debugpy) "

1 matrix s (01, 7, 3, [4, 5% &) [7, 0 900

; transpose = [] P »

& v tor col in rengeilen{matrix{al}):

5 new_row = [] Breakpointa

6w for row tn rangel Len{matrinl b
.7 new_row. appendipatr ixtcol){rov]) pebbo e

8 print{*rew: %d, coliwd®, row, col ~ pre

9 transpose, append| new_row ) Wariabie - - 1

18 print{"wn") e Ry 1R
11 v for Fow \n transpose: » spectal vavlables. (~7 "o N [0 fo
12 printlrow) (I e (R R R W 3 ®
2 T L T i 24 3]s 145 5 b [7, & 21)

"5 O 1511 i

3
b 1 i
i -|'|"' T 8

» transpose Vst ]




X Lot il A e [T A - L S il
v . ) e o I o 0 o e O ) P | e b

3.3 Techniques for Te$ting & Debﬂgglng

3.3.1.0e bugging . ||

Debugging is the' pmce‘ss tn analyze 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 also print the values of different variables and data. srmt;(ures. For
example, Print-1°on line 6 ensures that the new_row' gets alwm{nitialized whenever the outer
loop index updates. Similarly, ‘Print-3' on lire 1d ﬁnnts the values which will be appended in the
transpose matrix after cmpletinn t}f the inner Fo\on Online 9, Print- 2'is placed inside the nested
for-loop to print the values pr matrix mdicas and points out that the values of matrix are asit is
assigned to trampmpmtd neeﬂ&tﬁ be changed
—

lut:ri: = II.II 2l' 3]r[‘r 5: E]![TJ ‘r g]}

Il transpose = []

3

4| for col in range (lan(matrix[0])):

5 naw_row = [] .
B p:i.nt{ Printl-Outer Locp! ,n“ row)

7 for row in range(len (matrix

8 new_row.append (ma I'E.'Im*

g print (' Print2-Inser Lc-::'-p row: ',row,'- col: ', col)

18 print('Print3-Outer Locp: ',new_row)

11 trangpose .append [mv_rﬂi

12{for row in transposa: . Frintl-Outer Loop: []
13 print(row) Print2-Inner Loop: Tow: 0 - col:

Print2-Innar Loop:
Print2-Innar Loop:
Print3=Outer Loop:
Printl-Outer Loop: -
_| | Print2-Innsz Iﬁbp ‘ﬂ - ml.:
=y A ;::ﬁgﬂm: wh-rr row: ; = :i:
atd-Innes i IOW: - :
- |m | peaati-outar Loop: [4, 5, 6]
=000 O TS | | print1-Outer loop: ()
VAL L VA Print2-Inner Loop: row: 0 - col:
A N P e Print2-Inner Loop: row: 1 - col:
P TRNIA S Print2-Inner Loop: row: 1 - eeol:

N

Lol

FPrint3-Outer Loop: [7, 8, ;]
i, 2, 3]

[E5 L -
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6.UpdateRecord - - Wt

For updating a recurd ur a, parttcuhr' :

column, undate ‘command is used. A
good prhcti:e is to use select
statement with where clause so that
the desired record is retrieved,

3 C-‘!.I:;tcnn:
C_Address = 'New Address'
CID='Cl';

Database Structure  BrowseData  Edit Pragmas Execute SQL

Thereafter for the same condition use rﬂ!["]m v s o o HE =
the update command. G CName € _Address « €_Phone
Fiter |Fiter [Fitter [Fites ]
1 Camaz Hew Address | 123-4567
[
Update Record
?. USE ﬂfﬂ'rder B‘b\‘ Cla use _

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 displayed fr-ascending ‘order, by default. An
additional 'DESC keywords is used witl': amerw&lame tﬂﬂisplaﬁhe resultsin descending order.

1 SELECT * FROM cunm; ~ [ SELECT * FROM Customer
2 |orDER thz_ﬂa'ﬂﬂi ' 2  ORDER BY C_Name|pEsc ]
3 i.\\J :x '\. \; g 3 I
- c c C_Addran -
CJD CMName  CAddress  C_Phone 1 c:‘ n: Hev Adaress 1:;?“1
1 C3 Chaand House: 785 $43-2108| T ¥
2 C2 MHahtab House: 456 987-6543 3 €3 Chaand Mouse: 789 S43-2L09

i 3 C1 Qamar MNew Addiess 123-155'1' ‘Amrm|

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]_ygtjt be deleted.
1 DELETE FROM "Order” WHERE I!__kIP--kI.H::;: ("L1'y. *L2’, 'L3');
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Rather than adding srngle*i'bccrfi we f:.an a.dd mulﬂ;ite recnrds as well using a single 'Insert Into’

command as shown in Hgli’l
| BT
1 mm Laptnp (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 Structire !Tm Edit Pragmas
Table:| Laptop v a ol |
LID L_Name LPrice L Brand
[Foter [Fiter [Feer  Jroter |
Ll |Dell XPS 13 100000 Dell
Multiple Record Added «—s | 1
2 L2 MacBook Adr - smua Apple
 Spede: 120000 up
;". 1-'-", 3" }’E‘F““ ,’F.““‘

In this fashion, we can chateaddfﬁma{ tahles and pnpuiate the data.

5, Querwngnecﬁfdsfrmmnbteusinﬂelm

‘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,

1 SELECT [*] FROM Customer;
2|

Record with ID *C2'’

Output

—
CH CMase  C_Adtness €_Prors
{ €1 Oamar New Madress L33-4567

e
: ; | =

103 C(haand Moose: TH9 | 543-310%

il
Select All Records

(1  SELECT * FROM Custnmer T B 8 :._ _"": (G
2 |wEERE C ID = 'cz-- A -2 A2 f’f “Activity ?)
CJD C_Name Uﬂ_lg ey TP Populate data for tables ‘Customer’,
1 €2 Mantab mt{ 48655876543 | 'Order’ and 'OrdreDetails'.
| Y E
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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. i v

L Name TEXT NOT NULL, |

L_Price nrrm lln' m‘.ﬂ.:. -

L nrau{i n:qr NOT \NUTL

2 xl

oL e W N

_F'

e s W8S olb BR w= 4@GE
LD Lpeme L Price | Prand q—n—rl Table Created

it o e Ty e et )

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 add in
the table. Be careful to use the values according to the schema, sequence matters.

2 VALUES ('L1', 'Dell XPS 13', 100000, 'Dell.!-}-';.}‘xl

ll INSERT INTO Laptop (L_ID, L_Name, L_Price, L_Brand) .

= | LA

n-uh-pm mm Hm'mn
' ' ol HE =) AEI!:

1E1 Dell XPS 13 100000 Dell .«—» | Single Record Added
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3.2.10 Create a Database WOREM

1. Installation of SQLite | ALIRNLALS
To download aﬂftxinstall Sbj.ite 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 downloadlink. The browser will prompt youtosave 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., a ZIP) file. To access the S(Lite files, right-click
the downloaded file and select "Extract All". This will creaté a new folder containing the SQLite
files which are ready to be 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. example, 'cd
C:\Downloads\sqliteV'). Next type'sglite3' and click Enter. If _the 1nstaliatrd.@ 'was successful,
SQLite'scommand prompt will appear shuwjnu that it 131"'E'idf for Bie. =

TR - B T—e— e e -._., "". -\_,_ _I.__./*-'I"'" e me c@EuUERED 4O

== L

'Q I [x__l ol
meﬂoads

(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
s DB Browser for SOLite - zip (no Instailer) for 33-bit Windows
= DB Browser lor SQLite - Standard Installer for 64 -bit Windows
« DB Browser for SQLite - 2ip (no installer) for 54 -bit Windows

Free code signing provided by SignPath.io, cectificate by SignPath Foundation.

2, Database Creation ~(15)\ O

To create a new SQLite database, launch the SQIdt,etmnmand-Lme Intenﬁce [{'.LI} To access the
interactive SQLite shell: ey e

2 Open your terminal or c,qrpmand- pmmpt and lype Eﬂlitﬂ3 and press Enter.
& Once inside l;lqesm.;te shell 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: GIF et
Lastly, to nom}_a_ljzg\lgajﬁ r' . wén;lght 'fﬁ'idé;'rtify transitive dependencies, i.e.:
L_ID m?ﬁéﬂfﬁeh{aﬁle ﬁepends on L_Name, L_Price, and L_Brand, which are attributes of the
Laptop table.
To remove transitive dependencies:
The Order table nowonly references the L_ID.
Thus, the 3NF Tablesare:

Order il ustomer

'-::-;-'I‘\":-"-‘IFT. i
B

House:789 | 543-2109 13 | HPSpectrexi60 | 120000 |  HP

Database Tools

Various database tools are available for data management, with Microsoft Access and 5QLite
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 agpr{ojgg_t,-;_sqﬁﬁéﬁs a lightweight
f = [ fo A P e
database system that stores data in a single fite. It jaj_d,_é‘at;-f{ar ﬂ;pp/{i;:&tiﬂhi needing local storage
and is widely used in mobile apps andscenarios that donot require alarge database server. SQLite
e R L L sl =

is simple, efficient, and i;;ezfgﬁl -t.q?i?: i\ LI
SQLité?‘g&bub'ié's small space making it suitable for applications with limited 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 is saved in a singlefile,




1 Y R O ) Y O ) H!!fﬂf‘m-.ﬂ-lﬂﬂ_*

1 20-11-2024 ¢1 L et
2 21-11-2024 m“‘” \
-_-,n
nuﬁu
SN (e r‘il\cf) o
-r"-:" N T L i —_
11-20%a ) L
Sﬁﬁ%'
'§x|"~}|7-:'-“'-i‘~ O] wnma02e | a3 | 2 | 2

Step 4:

To normalize to 2NF we need to detect partial dependencies, which come out to be:
OrderiD depends on OrderDate, but not on 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

g 21-11-2024
3 22—11-3314\
'\4 .\-4 x* '\.I

4 2311-2024

5 24-11-2024
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Normalizationsteps fora databaseare: ~ 1 ;:'fj-’ (Bl
% First Normal Form (1NF); \WZTNQ \ e
In INF tables have aturTle‘.ral ll&i&lnﬂg WIth repea tlng groupings /multi-valued cells are removed.
> Se-:enctﬂnﬂnal ﬁﬁ'm (ZNF):

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

2 Third Normal Form (3NF):

In INF 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:

% Customer: C_ID, C_Name, C_Address, C_Phone - R
2 Laptop: L_ID, L_Name, L _Price,L Brand - _ - ;:‘;{‘:_\;-.'?\._;:cf_:;lfﬁf.-j;?;';\;“—‘l:'”" ..
2> Order: OrderiD, Drderﬂa;e c ID L IB, P-Uad'lhty VAAY)

Step 2: r'-. VLR R\ ﬁ\__\_L,

Let uslnltlailg*r:t;ea te hlﬂmgte tehie to represent all the data

1 w0-11-2024 | € Camar Heusei123 1I23-4H?

1 21:11:2024 | €1 | Mahtab | House; 456 | 987-6543 -I.-l-_ u:cm i %000 | Apple 2

3 22-11-2034 | €3 Camar House:123 | 123457 | L3 HP Spectre k380 | 120000 | HP 1

4 23-11-2024 | C4 Mahizb House: 436 | 9E7-6543 | L4 Dell %P5 13 100000 | Dell 1

] 112004 | O5 Chaand Houss: THS | 543-2109 | L3 MacBook Alr SR000 Apple i
Step 3: A

To normalize to 1NF we need to find repeating groups, whu;har'e ‘. zs ﬁ
N[ (Sde™

R = e

Customer information thati is repeateﬂ fureacti‘erder,
Laptop information that i 15 repeete-::l fﬂr eécherdér
50, let usereeteseearﬁle tablesas follows:

3 Customer(C 1D, 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, TNF Tables are:




> Field: eV BAES
Afield is a piece of data within a record that deﬁnes tllE *mfunnatiun pla:ed ina certain column,

For example, a Name ﬁeicl wauld i'&ar& text data, whereas an Age field would store numerical
data. ||

-~ Data Inteuﬂw

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 canbea
single attribute or a combination of attributes.

< Candidate Key: e N

!u-'.:.

A candidate key is a single or a set-of- at:tnbutea thaf atldw ‘rdeﬁnfﬁng nf 2 recard uniquely.
Though there may be several candida’té ke:m Ol'li? 'one is-chiosen to be the primary key. The rest
are called secondary keys.| | . MR

3 Fureign Keyr R F’J )

Aforeign key isa ﬁeld in one table that creates a relationship with another table by referring to its
primary key.

> Composite Key:

Acomposite 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 inaf:mracies during updating of
data. By dividing the data into more manageablaand i'hter-ﬁnked tables, normalization solves
these problems. Every table" Iepresent'.-'r a separale entity with keys defining the relationships
among the entities. :

- Without.- mrmaﬁzaﬂnn 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 Ldbel(uinﬂcw\ text- Score: @)
:; score Ifllat.:ehp?hk HiW ¢ Color Game ~ o X
39 new_| rnund {) a
40 | ~ window.mainloop() plnk
Ot
Score 1 (incomect)
3 2 l} Dl.].l'- D =3 "-_". )r_.ﬁ r-z(':\:-:-;"ll_ll:l

Aset of data organized in a systematic manner, usuauy in ammﬁbter sy‘stem Tscalleda database.
A database stores, retrieves and handl&s" Iarge. ﬁumber of records for multiple users. Databases
allow users to locate speciﬁcTnfémanm quiékty and accurately. The central source of data for
every software program is dlldatabase “For instance, when a user logs in, shops online or makes a
transaction, aﬂhthbéﬁe 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

3 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). e

= NoSQL databases provide flexibility and can manage vast ammﬁts of ichm::tured or semi-
structured data. Unlike relational datahas&m they' dta ﬁﬂl: ha#e -3 ﬂxedtable structure.

{4

Key Conceptsinvolvedin datahaaesare ) LA b

| e

_é" Tﬂhl‘ﬂ'- . \'l | -.I .II'-II-:.II'._I. '.:, I'__'. .__-_ [
Atableis the funﬂamental structure 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 || TG
2|~ import random
3 “ .
4 windm-.‘l = ‘tk Tk{}
S |~ window.title("Color Game")
6 score = B
7| colors = ["red”, "blue”, "green", "yellow", "pink", "black",
"orange", "purple”, "brown"]
8
9| def new_round():
1@ 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-cnlur tq_ﬂl.l&ﬁﬁ; i‘g-r‘aﬁdom cnlnr}
15 entry. delete__(a ;k ﬁﬁm) j“--._--
16|@ SRS
17| def checlg_aqéuar{}“’
18 ‘gle bal 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" 24))_
30 | _entry = tk, Entr*r(windﬂw “ant*("Ar'ial"; 13))
31 |© entry. pack{)*lu
32 NINRNAS e
33 check_huttun = tk.Button(window, text="Check”,
command=check_answer)
34| check_button.pack(pady=10)




D Align the label with the r;ulur_,,ta‘_guesa text an& ‘randam_calnr‘
2 Clear player‘s m&xrl: frﬁm m&ﬂm'y ﬁeld if any.
2 For ‘check, _,@I‘ISWE’T{} flinction: .
-)Acqmre the user_input from the entry field and check if 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.
D Call ‘new_round()’ to start the next round.
4. GUI
3 Create the mainwindow:
1. window =tk Tk()
2. window. title("Color Game")
2 GUlelements that we need to place: TR
a) Add label ‘Display the word tubeguessed A e N [ s Lok

AT \ b
~ -.|

27 label ‘= tk,pabelfwj.ndw *”ant—{“hrlal” 24))
28 1abel.pa:k{paay=za)

T \~| I-:_:-'---

IR
b) Input ﬁeTﬂ for entenng 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) !
34  check_button, pack(pady=10) ]

d) Displays the player's current score.

36  score_label = tk, Label(windnw, tEK‘tt"SCﬁI“E‘ B"J
37  score_label, pack{} | (o de™=

\ '\ |
]

5. Starting the game \ AN Pl

 Initially ‘new ruunc‘{} im'n:tianwﬂl becalled tostart the first game round,
» Call ‘windew: [Mainloop()* to runthe game.

The complete code is shown in Fig 3.16.

e )
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22 entry2 = tk.Entry(rosot, ﬂﬂth.m =
23 entry2. grid{rm-ﬂT culllmr‘lnl pm:lqu pady-S}

24 N o

25 add_ I:luttbljl = 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=l, column=1, padx=5, pady=5)

38

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 X

F "\_'.,;[‘\__ o
& | {,‘1 | \ e

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 e

2. Set alist of colors: - e \\ H‘,\
colors =["red", "blue”, "green”, "j.rellm' mnk" 'black“,» urange purple' “brown’]
3. Sketch game logic i) '. 1 =
2 Initialize vanables lih:scbl’e ﬂ
2 Outline new_rnund{} function:

2 Select arandom color from the colorslist for ‘color_to_guess'.

3 Select another random color for the text's display color ‘random_color'.

-_0— —
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6.5ubsequently buttons are added mthe wﬁeﬁ \\ |

25  add_button = tl; Buttnn{rdct text:"ﬁdd“, command=add_numbers)

26 add. buttgh gr;id{rnw:::l. column=0, padx=5, pady=5)

27 SR

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 butten 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.To display 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="Result will be di’ﬁmnyed here,")
32 result_label, grid(rﬂwsz column=e, EdIﬂqhsbﬂn Ry ﬂhdx-S pady=5)

J

8.Lastly we run the GUl.in a cnntinuws mahner »Withouf 1t the window will just flash and
disappear. This luoperﬁm‘es%ha‘t thew:r%ows stays open and interactive.

N I _F’J' 34 root.mainloop()
The cumplete Stk vl 6Kk a5 ShowrT e Fig 3.15.

1 import tkinter as tk

=

3 v def add_numbers():

4 v try:

5 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(): e EERRY
12 l entryl.delete(p, tk.END) _ o/~ (O

13 |  entry2.delete(®, th.END) — {1010 > =
14 \ result_ 1abé1 t:anfig(text:*ﬂgsulf will he disp]ayed hare.”)
15
16 root. = th Tk{
17  root, f}tle{ 51mple Adder™)
18
19  entryl = tk.Entry(root, width=18)
20  entryl.grid(row=8, column=1, padx=5, pady=5)




components and is created using. nkmtm Tk{}
2.Next we define a functmn i #dd numberson the screen.
inp-:mt itl:tntur as tk

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

LT
W

WE DS =] Eh U Wb g PO
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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. |f the user types something that's not a
number like letters, etc. an error message is displayed. -

3.Thereafter we defined another function to clear fields. o, \ _?'ﬁ--_j (OUBY

[ =k -I'. TR TR 2 T

11 v def clear_fields(): () W Y
12 entryl. delﬂﬂlﬁs k. EHHJ N ,"
13 entry2. de]@\{tt(& 'tk F.Mn)

14 ngwlt_ﬂéﬂ& 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 fts 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:

|

| 19 entryl = tk.Entry(root, width=18) s
20 entryl.grid(row=e, coiumn-a padu-&, pa:lytE} \:'_"
21 NS

L2 entry2 = tk. Entr‘y(runt Hiﬂt‘l‘l'lﬂ]
23 entry2 .—gridﬂﬂm-ﬂ kcﬁlumrrai, padx=5, pady=5}

We create a little. Iaext bﬂu ) |the 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 ano o 0 to be specific). We also added a little bit of space around iti.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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é

with open(" ahé'-"txf' " } -as ﬂle.

Far \char” in £Ne mad()
. 0 |l \ print(char, end="")

i BN pr'in'i:( \nFile read successfully”)
]exceﬁﬂ FileNotFoundError:
print("Error: The file does not exist."”)

|exceﬁt| I0Error:

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

.. Actiﬂtyﬁ)

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.

3.2.8GUlin Python

Graphical User linterface (GUI) improves the usabllﬂa[ an»f:l aﬁceisi&ﬂtv nf applications as
compared to Command-Line Interfxe (CLI} tﬁtgms wﬁfth requ’rre users to write commands. In
GUI through components: like menus,’ textuﬁalﬁs; ‘buttons etc., users may interact with the
program more smmthtjr Fython pr:m&e&a‘ library for developing GUIs and games namely ‘Tkinter
to handle cqmm(atrdiks like user input i.e. the steps to be taken when a button is clicked. Tkinter
is a huitﬁvil"( ﬂyﬁ‘mn 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.

& 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. _ e

v N - B S N
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Simple Number Adder with GUI AT

Before moving on with the code, ﬂ. m qulté helpful ttr uﬂdeﬂtand the steps involved in creating a
GUI using Tkinter ubrar:.r l.f.it us! :regte a simplg Adder application which takes in two numbers as
input and when the Nﬁ' buttonis pressed the result gets displayed. Major steps are:

P————— S ST ——
1. Fimtnf ali frnport the tkinter library in Python code and
create the main application window which will hold all import tkinter as tk

¥ '
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1|with apm:“lhq txtT| "w7)'as ﬂ:l.n:
fila, uipi{”‘h;a |§ui¢k brown fox jumps over the lazy dog™)

hequick brown fox js “over the 1az_l|.r dag

Read Existing Files A0 WA

Next, let's read the contents :af an existi‘ng fﬁé lké'l’lihe file 'abc.txt' that we just created and
saved. The file "abc.txt”. igq;ieqéd inréad mode (") in the first line of Fig.3.13. An error message
will be displayed if | ﬁl‘ﬁ*ﬁl&k%’ 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 jumpa over the lazy dog -
——|File read character by character successfully!
i

EFrors May arise while dealing with files and mfay l‘er.ult fnfahnmmal terminatiun of the program.
To avoid this, Try-except’ blocks are usel;l t0-handle possible problems while accessing and
working with files. Typica[i:fsues 1nclu&e trying to open a nonexistent file, reading from a file or
running into 1ssugshhen ‘.ufmmg data. Alternative actions can be implemented by enclosing file
operations in ahtry block and addressing particular exceptions such as FileNotFoundError’,
PermissionError* or TOError’ in the except block as shown i in Fig 3. 14
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(with complete: pith) while the ﬂther &rgument 1$ thia desired mode of operation (reading,
writing, appending, etc.)) | | 1.0

LR

& After the file is ope gd m rbad rhnde its contents can be extracted by using read() function
and thethﬁp@m contents of thefile is obtained as astring.

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

@ 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 Contentint.

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\hnaa;senteﬁcgkwﬁtten in the file,

using write() function using ‘new_file’ file hanﬂler 1 ling 4, a rpéssa“ge for the user is displayed
such that the contents of the-ﬁle c;anhe crkk@d/bynpenfng it, as shown in the output. Lastly, for
every file that is npened 11& ﬂgecis tuhe itly closed before the program terminates, and that

isgenerally thf#asﬂmplﬁf the-program.

1 nml_filu = open("abeo. txt", "w") l
2new_fila.write ["The gquick brown fox jumps over the lagy dog !!!")

E) :

4/print("File czeated and written to successfully!")
S5\naw fila elosze()

R P

The quick brown ﬂax jumps over the lazy dog 1!

Alternatively, as shown in Fig.3.12, we can use e the ‘with kewnrd The beneﬁt m‘ 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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Fig 3.10 shows the code how to create a list in a dictionary, and! mrfaaﬁzezlt such that the list
comprises of all the data related to stfuderaf in evm,rw.'@. Line' 7 shows how to extract the
registration number from the hst whlla hne 9 depicts how to select marks from the list.
Furthermore, on line 12 wennserla new record in the dictionary and print the whole dictionary in

the next line whmﬁ:hnwﬂ 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 2

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.

i | l Activity 5 )

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 e O
Importance of Disk I/0 J ) |
Disk input/output (1/0) is mr;d[ fn? e’Fﬁ(:lant ‘d;ta hé:ridlmg and nptimal system performance in
computers. Disk 1/0 hri bEMEEn the CPU and HDD for information retrieval, such that
relevant data {gpasmﬂ 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 0s 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 executable prugrﬂmﬂuexe}araaltexampies of binary
files. :

File Handling Methods and Dp&raﬁoris

Data in files from storage d&me& is I:rnught up in RAM, where functions like creation of new file,
reading and updamnﬂnf afreacty 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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A dictionary comprises 0@3 —wm fﬁ mulnpte values against a key can be stored in
the dictionary in lh example, every record of a student can be stored in the

dictionary.saq kf\ l‘ﬁl:udent s name will act as the key while the registration number and
marks will values. Tostore multiple values, a bist can be used.

3.2.6List as a Value in Dictiona p;f f&,ﬁ/

studenta = |
; "Sara" [“3"5“1 95' gn’ 13]{
1 “Jamal": [“&78", 75, B8, 92],
| "aaid": [“9s12", B8O, 79, 95]
1l

'|sara_reg_mum = ututhnta[ Sara"] [0}

‘| print(“Sara's Reg. No. ,84ra_Teq num)

jemal marks = ltudlntﬂ{ aml"‘]'[u )

)| print{*Jamal’'s Marks for first subject are: " jamal marks)

|| students ["Asra*] = ["2347, 7B, 85, 90]
print{students, "\n")

b Btudint_nm = "Axra”
lrjsubject index = 2

/| new_mark = 100 \1,6 b(ﬂ\&m
1o{if student name in students:
14 students|student _name ] fxub t&:&

Al Print [£newe l-ln.qlh upda t index [subjsct indexj \n")

lal mp,;.tnt (" Etudnntf\i\? Y%h,

Jior o stmnts items () :
Name: (name}”)
prift(f"Registration Number: ", [details|0]})
: print{f"Marks: [", 6 end="") ! i )
| print(decails(l],', ' details(2],’, ', details(3], 1\n"} J

|Sara's lhq Ho.: 345

Jamal's Marks fn:: first tuhi-r.-t ara: 15

{'Sara': ['345°', 85, 90, 78], 'Jamal’: ['678°', 75, B8, 9%2)],
'gaid': ['912', 80, 79, 95], ‘'Azra’: ['234', 78, 85,6 90])

»*» Marks updated for Azra at index 2

Name: Sara
Registration Number: {'345'} I
Marks: [85 , 90 , T8 | |

Hame: Jamal
[ Output | |pecistration Mumber: {'678')
Marks: [75 , 88 , 92 )

-
zaid I “‘\\I/ a \o™

::p-ql.:trtt_tn L#g \‘]'.\U: %\4(}\\ =4

uﬁn J “& Sy

w Lirﬂ.‘ition Number: {'234'}

| “{mMarks: [78 , 100 , 90 ]

: - okt 5l HIN iy BaJL d lat el sl
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Tailor the -cqn:h‘dfFigE! E such that for all odd values of the matrix the sign should be inverted
while for alleven values multiply it by 2.

~

[[matzix = [

2 X, 2, 21, S

3 [4, 5, 8],

4 [7, &, %

511

G/PEAnt ("Matrix is: ' 6 matrix)

T|fex i in matrix:

# Print (i)

g

li|trans = [ o

L 1 ru ! D r u ll . - Jr.-l-_'_\:.".-zf:.v{‘ll. IlII

2 {o,0,0], _ I AN E O

) ol RO iy e WY O [

i ![C' G G AR VAN 1 ’“Be nrcful about the

= LR VAR 5 ,n* e indices as it may return the

16|£62 row in range mn[mt;a_w f\\h; = ; original matrix and not the

17 for col in range(len(matrix)): transpose of the matrix.

18 sleel}{row] = matrix[row] [col] *

) e

h
“

o|print{' Transpose of the Matrix is: ', trans)
for j in trans:

&3
¥ jed -

22 print (j)
%uh is: (11, 2, 31, [4, 5, 6), (1, 8, 9]
4, 5, ﬂ

(7, 8, 9

Transposs of the Matrix is: [[1, 4, 7], [2, 5, B8], [3, 6, 9]]
i, 4, M

iz, 8, 8) :

[3, 6, 9] ¥

[ output Matrix is: ([[1, 2, 3], 4, 5, 6), [7, 8, 91]

(1, 2, 3
[4, 5, 6
(7, 8 9] i
Transpose of the Matrix is: [{}, 7} 31 [g, Ls 81, 17, 8, 91l
[1 2. 3 AT _\x [ (e)e
_,[71 l.ul_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.

L e P Ml W Frcvrt il |t il B ) 1. o 4 BN o’ RGRRER DS T v (AR MR 1o i (G bl = b RS



3.2.5 Nested List -\ U

A nested list is a list of | Llsls mzh that the inner l:sts or sub-lists can further contain list as
elements. Nesﬁeﬁlﬂmmhﬂe usefulin 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. PSR
— - ﬁ-{'_. : _i '__;__._ .II :. '._-JQ:: ':'.L'.I L] I'..' —

| maksin e [ ¥ = _. '-_II i r* \u I_l '-i .{;\_'. o

2 [, 2, 31, T\ 0 e W WA

3 [4 v 5, ﬁ] N _..I'.I"'-II = .,-- I'._I W "._ A __-___.'. o= e

[ prxnt{natrfuk] NI i [*‘J e

T % X \ I I

B for i in' mntr:j.x Eutput

a printii) (11, 2, 31, (4, 5, 61, (7, 8, 9]}/
10 {1, 2, 3)
11 for row in range(len(matrix)): [4, 5, €] ;
12 for col in range(len(matrix)): [7, 8, 9] I
13 print{matrix[row] [col] ., end: ooy 11, 2, 3, 4, 5, 6, 7, B, 9,

AU P38 Printing a Matrix sing Nested List | 7 TR

RV ) bl ik ]! iy R ot el M e

In this code, a 3x3 matrix is defined, and its transpose is calculated and prmted In ime 1-4, 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, inlines 16-17, the

code prints the transposed matrix. The transpose swaps the rows and c-:}’tumns of the original
matrix. y R

Thereafter, we extend the program to calculate the trans‘,mse bfmematnx and pnnt it. For this
purpose, on line 10 of Fig.3.9 we |n1t1al1zafd anuth&r fmatrix. On line 16, just like in the last
example, we placed a nested Inap a3 we kmmhbw to access the nested list contents one-by-one.
But, while assugrung ttleli-v& 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.




1|student test number = (}_, O 0 1LY

2|while True: AREER\RS R B Ra®

3| name = input {"'Ent:ﬁr sthdpnt ham ler 'q' to quit): ")

4| if name.lc __rll —‘q""

5 break UNES)

6| grade = float [mput ("Enter Test-Number for (}: ".format(name)))
7| student test number[name] = grade

g

9/name = input("Enter student name to view test-number: ")
10/if name in student_test number:

11| print(f"{name}'s test-number: {student test number[name]}")
12lalge: -

131 print (£f"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 'g' to qu,t]:)“‘ Dilauar

Output | Enter Test-Number fﬂxmw;, 92—

Enter student, mﬁtfé;t - to quit): Zaid

Enter Test Zaid: 68

| Enter| student name (or 'q' to quit):

-fq-.;"J h‘lﬂ ‘student name to view tut-nﬂu: Bilal
| Bilal’s test-number: 87.0

b, AR e

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

tolocate 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 Fﬂte; as.compared to the list,
as showninFig.3.7. Sample of pupulated‘glal;&?lnﬂictlcinary aﬁd I.ist are shown in first two lines.

_ m.tr) tmus- ‘dlei’)
i htl* ['aiib*]
Dictionary ‘search time: 1.000166 msec
List search time: 3.000259 msec
Difference of time: Dictionary Time - List Tima: -2.000093 msec

S : 'ng.i 7: DI'FFerenl:e ﬂftnnetn Search in dir;t!nnary v.{s li!L ity '__
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students and their respective test numbers from thﬂm.-rare I':pIr.En m, as shown in Fig.3.6. Lastly,
the student name is asked tﬂ bE searthed in the dmﬂ&nary and corresponding search result is

: 1f student q:idn = [ .
2 lﬂlr H ?Ur
3 '‘Bilal’': 85,
a 4 'Dilawar’: 92
3}
&
7| for student, grade in student grades.items():
8 print(£"({student): {grade}")
9
10| student grades['Zaid'] = 88
11} student grades[’'Bilal'] = 87
12

13 I&l ttﬂ“ﬂt_ﬂm' [ 'nil‘H“' ] TR AR IR TR SRR R AR R

15/ if 'Dilawar' in student_grades: G i
16  print(£”\n Dilawar’s qrul. ' :tudml: ,g:ldilf’nil.;-u'fl; “\n"} §
17| eloe: 9 :
18 print{"studnnt punur not fqund "tn""j :
19 ! '\ \ - '
20| for student, qulh ,Jm lt',udmﬁ grades.items(): f
21 pﬂ.nﬁlﬂ[n@h : " {grade} ") :
Amiz;: 90 :
Bilal: 85 |ovioul without Amir: 90 Output with
Dilawas: 92 L83 Bilal: 85 fine 13
Dilawar: 92
Output Dilawar’'s grade: 92 Student Dilawar not found
s 1% | commaton Amiz: 90 | conrmation
' Di.lli‘;!‘ 92 via Bilal: 8 via
2 printing printing

Zaid: 88 5 Zaid: 88 '

Extend the program of Fig 3.5 in sucha way that if me aean:he{i item is not found in the
dictionary, ask the user if it needs to: be'.r addéd If user presses 'y for yes, then the key and
respective value [to be tﬁkﬂﬂ mpul;}aﬁetqtre added.

S O S S S S U S SO o R S v N S S SO S o R SO D O O S R
C e | Eill i ddiinE PSS Midiiis il 1
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1 gra.das _.=“{&5 92 ‘?a 92 85, 95}
print{gt*adas}

3 grades add (88)

4| print (grades) .

5/if 92 in grades: |

6| print("student has 92 among the grades.") J

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

3.2.4 Dictionary
Dictionary Store Key-ValuePairs '\ T\ [\

Dictionary is an essential data ?.trucu;re?’a Py\thmMJ;iat i‘s used tn store and arrange data in an
organized way using key- vaiue pairs, ﬂ.lth ‘that each key represents a distinct value, i.e. each key
isassociated wlthla parﬂ:plhr value. List have index while in dictionary it can be of any data type,
For example, in a pbone 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. bejng the key and
their respective marks are the values associated with the kegsmimmatelyﬂftef that on line 7
and 8 using for loop, we print the dicmanarr. On ﬂne 10 ‘we add another student Zaid' in the
dictionary, which is added at the end of the' list, A srm:llar statement for ‘Bilal' is written, sinceit is
already in the dictionary, its' va;uq will heupdated On line 13, we removed 'Dilawar’ from the
dictionary. For cnnﬂﬁnayﬁn. in.the next 4 lines using conditional statements (if-else) we checked
for 'Dilawar in hhe&ichunary 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 understanding.

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

L= !!nmg-m--m----m---m--n--\--ul




..L.'F"".'-'.-,_'.'

= e e o e e e

1 grades = (85, ',* 92,\a5 95)

2iprint( gradm% i

3 print. {r'i'i“rsi 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)

(85, 92, 78, %2, 85, 95)
First grade: 85

Third grade: 78

Student got 92

2

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

On line 1 we create a tup[aaf 5tud¢htgraﬁﬁ- ﬁEme{y grade& and initialize it with some sample
grades and print it in Fl;ip nex.l: line which shows duplicate values as well. However, individual
grades are apcgl%ﬁed 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 retums the
number of times a specific value appears in the tuple asshown 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. A set will only hold one instance even if
the same value is added to it more thanonce. Sets can be used to store a list of unique usernames,
product IDs, etc. Using the 'in’ operator it is quite easy to check whether a particular element
exists in asetornot.

Initially on line 1 a set of student grades is created namely graclﬁ -and s, miﬁaiited with some
sample grades. Notice that duplicate grades (85 and 92) emst ln the imtial asslgned values. Since
sets only store unique values, the dupuCEItEE m'uil be automatm&lw removed. Line 2 prints the set
'grades’, demonstrating that the duph{;ates\nawe been removed.

Next, we add inewgrpﬂe tuther"s,et i.e. 88 on line 3 using the "add()’ method. Line 4 prints the
set again shﬁmng ‘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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studant grldi#=_[F5 92 "?I 95 32]

student qu.—t 50)

prlnt{"ﬁiriﬂln aftar add.an # new gecada: ", student grades)

student q:nd.i.%@l&ﬂl
print("Gradss after adding ancther new grade:", student grades)

OO =) On U e L P o

student grades.remove(78)

print("Crades after ramoving a grads:", student grades)

lowest grade = student grades.pop(2)

print("Grades after removing the grads on indsx 2:", student grades)

o
Tat B e S D

if 88 in student grades:

student_grades .fFemove (88)
alse:

print ("Gradaz33 not found in the liat™)

P
o0 =1 o LR B

average grade = E(ltﬂd“t grades) / mhtudmt grrlr.l-l} s
print ("Avarage grade:", {average_grada}) e TR

S | -_",.""”
i
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Grades after adding a nq-yrm 185, 92, srn 'm, 55 82]

Grades after adding nuthu‘mgﬁr [B5, 52, 80, TH 95, 82, 100]
Grades after removing a grade: 185, 92 90, 95, B2, 100]

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

Average grads: (90.8}

Extend the program of Fig.3.2 to search for all odd numbers 'in_-tll'te’-irl!und 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 sai:l number is not
found, or something like this. Lastly, using the sumu and Ien{l fu\nntlnns \calculated the
average grade of the studentmthwtuﬂng any Imp. RN \ [

3.2.2Tuples e AL A

In Python, tuples are repgresentpd uslng "t_,_,_} and are a special type of list having one feature
that they are imnlqtab‘lé i.e.-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.
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terms, a Vehicle' may have attmmes such as speed culur wheels and operations like
accelerate()and brai:ef ) lf wa s;:eclﬁ.r it further for a'Car’ whichis a type of 'Vehicle', so we do not
need to qleﬁqeth‘e'abbve stated attributes and operations again because ‘Car’ inherited these
from 'Vehicte' 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. sh-apes triangle needs
base and height, rectangle uses length and width while (ira’lef Equir@s tadius to calculate the
area. Instead of writing three separate amclﬁc tﬁ[thlaia-ama methnds {which may increase the
more shapes we take lnln corlsiﬁleratim) Vi ﬁnlymurphlsm we can send a simple instruction to
different objects suﬁh as! draw }rmﬁflf' and each object will perform the operation in its own
prescnl:te:;l fﬂ%:;,tonthe Basis of type of shape.

3.1 Programmmg 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 frum the list. Initially,
on line 1 we defined a list namely 'student_grades' with 5 elemenls in 11‘., tu store grades of a
student for instance. On line 3, we inserted an additiana{grdde of 90 in‘the list on index 2, using
the insert() function. Alternative to insert any ﬂther vaiue is by using the append() function,
which we used in line 5 and iﬁier«‘ted anﬂth‘er value of 100 which was added at the end of the list.
Thereafter, on line| the \r'alLie of 78 from the list was deleted using remove() function. Another
way to. rnl:rimfe: any' element from the list is using the pop() function, such that index number
needs tﬁbe mentioned. This way, we can remaove an element from the list either if the element or
its index number is known. ;
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properties, such as size, EDI.D:I.' nr number uﬁtﬂms All objects have the same basic structure as
defined by the c{ass,\apars }ik nwnspeciﬁc characteristics. Objects in a program interact with one
another to 1mbtatle ‘real-world 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 S e Bk i
Attributes: ) e Object 1: A blue XYZ pen. ﬂ:je;:t'i: Aud;l.étpmd.
name (e.g., "Pen", 'FH_KIEWi name: “Pen” name; "Pencil”

price price: 200 —_ Jewewo 0

color (e.g., "Blue”; "Black”, "Red”, "Green”) Tmlnt m;@ “ '-." “&EU\ .'I nélﬁ*,'ﬂ:d’

brand (e.g., "XYZ", "ABC", "DEF’) Flﬂ o : | ht’an{:w brand; "ABC”
:m?xmu-ﬁxm o {\@mh‘&mmuruuﬁm.mnmmmmmwﬁrw

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 concept is to keep
together the data and methods that are relevant. Encapsulation does not allow direct access to
some cemponents but via some designated methods provided by the object. This way internal
working of an object is hidden. Encapsulation protects data from unwanted access or cha nges 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 chang:-ng the

balance figures. This way, critical informationare encapsulated and cannot be mﬁdﬂ%d directly.

= TR

Abstraction simplifies creating complicated scenarios l'ay shamngbiﬂy ‘shé neceasan_.r information
and usefulness. It provides only essential, mfnrmatmn ahmut Jhe data to others, hiding the
background details or lmplemntntmn Cbnilliﬂl‘ ‘a’vehicle for example, where we are mainly
concerned with common o atinns 'such as start, stop and accelerate. But the underlying
mechanism of ht}!-~..rl gmeb s fuel and shifting of gears, etc. are kept hidden.

Inheritance alim 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
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3.1.2Object Oriented Prugrammmg ~Nz LY

Object Oriented Programming l:OL'lP} is suftwa[e dqvélﬁprﬁmt parad1gm based on the data and
objects, which include fi.ﬂ‘mtiﬂﬂiu {mathb&si ‘that define the behavior and data (attributes) to
indicate the prnperhqsl of! Dbjf.*cts These are the program's building blocks to regenerate the
actual ub]ﬂt& and their 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. OQOPis
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 direc:t a:t:ess t;) data fnr safety and
reliability of data and programs. SRS

Eirnpliﬁes systmm l:n; hrsakmg them into May m—y cnmplex desﬁm'-s if not implemented
‘smaller mmbte components. thoughtfully.

Hides implementation details, hence improving | At times code fs harder to understand and debuﬂ
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 théf 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 computationally intensive tasks.

Ke CI]['H:E ts I._I _| " ,- -._' ,-:I“ "-Ii-l I' \-g_:./\_ i ___}L'-.- RRE

Aclass is an object creation stencil ar tﬂmp{ﬂtﬂ. H: HJ'E‘CIﬁES acollection of methods (functions)
and attributes (variables or p,mperﬁeﬂ thattsc objects will hold. You are creating an instance of a
class when yo! creqte ph nbjbrt from it. Although each object has a distinct set of data (attribute
values), the&; 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. Everyobject 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

Unit 3: Prograr u.mngFului&rllcnlals »




3.1 The Programming Paradigm

The term’ prngramungmradighfdacﬁ&s a 1»-I'It.z'll process for creating and organizing computer
program code, lthﬁps fh’x the structure of code, program flow and managing of data for
programmers. 1n ‘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 languagesinclude Python, Java, SQL,
etc.

3.1.1 Functional Programming

Functional programming is the paradigm of software | SN s
development which was and is followed by m/hﬂya a:&pemhlly'j, 1 B

for small applications wherﬁ \the code" is\d;‘vﬁied\ into
functions based on fun tmha'-[ifj‘t The' developers in
functional pro '?‘mmiﬁgf‘f[leﬁ 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

L i

shown in Fig. 3.1.
r.-.—_---_—-- - o bt - _.:--‘_I R TR e T
; o
' Sinipler code. Muteasvfm'lm‘lnnm Haedspmcﬂ:e 5 g AT
ECodeis 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 Wﬁl‘i'ﬁn express,
often requiring w,g‘ge |

Maturally supports parallel and cnncu’rrm Requfres tarpfm I'hndling of data dwitu and
| programming. 7 ).-_. "1 A 7 3 x-\ "\fx'-. synchmnizatmnforefﬂcientmm : ’I
 Emphasizes on what to ;W;& raﬂ'ter than how, | May be less efficient in perfnrmnce-cﬁtiml
| hence rmrecmcisq I 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




