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(Python Programming)
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« 3 ittt i Te= ST et fHofa-fmfor ST raaf it srarskar gt 2
o T § =01 @=ATSAT (Conditional 3T Looping Statements) 36T ST shAT THEI|
o HeITE 3T She et TEHIH hT SUFNT shich Tt T SToTH forshfera shiaT e

HISIA GEAT (Module Structure)

a7 1. WW (Control Structures)
T 2. I H G (Functions in Python)

T 1. he el TCoad

(Control Structures)
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TS AR, - HAT 10
if ¥eeHe w1 e
if test expression:

statement(s)
STTEITH S TSR (SRYETOT STfearfh) i Hodriehl shidT & ST shaet Tete o fHTe hidT & 5Tel I8
Qﬂ'\qﬁWTrue BT R QﬁéWWWFalse ﬁﬁ%%,?ﬁ@ﬁ'{‘eﬂﬁmﬁqﬁﬁWTWI
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if TCTHT T FATRITE

" Test . False
. Expression -

True
 J

‘ Body of if

if TECHT T 3T
TS e I ToFarL ! TS o T Ueh 3ETeX0T i 2

File Edit Format Run Options Window Help ‘

|# Program to check the eligibility of vote using if statementj

age = int(input("Enter your age : "))
if age >= 18:
print("You are ELIGIBLE to vote")|

=]
Ln: 4 Col: 38

STeT 3T STITH 31 i STCTT-3TERT $YE 31T 20, 18 3T 17 % 81 W HLd &, Al 1SYC 36 THR BT
e

File Edit Shell Debug Options Window Help

Enter your age : 20
You are ELIGIBLE to vote
>>>|

Enter your age : 18
You are ELIGIBLE to vote
>>>|

Enter your age : 16
>>>|

I IaTELT H, ATe STANTRAT ST &t ol 15 311 18 | 3 &, Al HaT “You are ELIGIBLE to
vote” fiiE BIaT 81 Ife TeHE True BIdT 2, dI 55 foru 7T weetie sh1 favares foma Sirar @, 3= ==




32T IE AT © fob TWere o1 fsareT iy ot it ot B if ©eHe o SAavid Ush seifeh § 3T
et Eoeiicd 1 He i i T A A
if...else TeUe
if TCTHS T T &Y if...clse TIHE HEATT 8, S 3l Iehfedah Tl fore o6l STwf odm 8 HERH a8
Fratfa #dt ® fop 370 @ Fig-an ant fearfea (execute) B
if...else Teehe T Ricera
if....else TIHE =T fHia fm=fafad 21
if test expression:
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else:
Body of else
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eI True Bidl 21

Ife SHEIH False BT &, T else ST T o7 {5qTe fomam STTT R1 scited shl 3T o o foT 28239
T SYFT fohrarT ST B

if...else TTUE HT FATATS

Test ke ~.__ False
~._ Expression -~
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L |
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if...else @zﬁzwm
Teue
TS A if else TTEHT o IUINT ohl TIE T o [T IUUTH IS hl IR i)

File Edit Format Run Options Window Help ‘
|# Program to check the eligibility of vote using if statement|
‘age = int(input("Enter your age : "))
|if age >= 18:

print("You are ELIGIBLE to vote")

] se
e LSE

[print("You are NOT ELIGIBLE to vote") o
Ln: 6 Col: 4



ST AT T ] T SFAT-T 3G AT 18, 20, 3R 17 % €Y T Fd 8, Al SIS 39 THR

BIT:

File Edit Shell Debug Options Window Help
I:::::::::::::::::::::::::: RESTART:
Enter your age : 18
You are ELIGIBLE to vote

>>> |
———F 4 %S ——————— WIS R
Enter your age : 20
You are ELIGIBLE to vote

>>>
e e e e e e e e e e e e e e e e == RESTARI:
Enter your age : 17
You are NOT ELIGIBLE to vote

>>>|

JYLIh IaTEUT H, AT ST ST &1 3h 115 371 18 Y AT I IATF 2, T I8 a1 L Heha o AT,
IE ATk a1 A o forg ur=r 7 R

if...elif...else TTHE

et Tl &1 Hehell € STol SATThT ks shelTT 2l Siiel Tl &1 A el ST Ueh-gal § T 2|
TH T T 3T elif THS T IUANT L Tehd &, STET if SHEITH o 1€ AT if 3N else el Tl
o S She ShEITFl THEUS STt hl ST el 2l

if...elif...else T&eHE <Rt i

if ... elif ... else T ITATT L GY Toh HTaRT T ol Teead it faam a2

if test expression:

Body of if

elif test expression:
Body of elif
else:

Body of else

elif 1 379 else if T AT T 2| 78 TH 5 TFGUM 6l STl i b STTAR T 2| AT if hT HSH
False Il 2, a1 I8 3T elif sciioh hl ShelS shl STl & 3T gl Teh X 31T s 2| afe gt sheiee
3T et &, ¥ else AT 9T Fsutfea foram Smar 21 &3 if...elif...else SATRI § ¥ hdel Tk & sAAlh
SHEIT o ITHT (SITII BIAT 81 if STk o HT Halel Tk else ST &l Tkl &, Tk S8 HTY Fg
elif SR & Tehd g

if...elif...else TTHE T WA TS




Test False
Expression
of if
Y
True
Test False
Expression
Body of if of elif
True
L
Body of elif Body of else
v
if...elif...else TCEHE ThT IETEXUT

3TST A if.. . elif. . . else TTEAT o SUANT shl TIT K o fIT JTUH hie T GINTIT

File Edit Format Run Options Window Help
# Program to check the eligibility of vote =
# using if elif else statement
age = int(input("Enter your age : "))
if age == 18:

print("You become just ELIGIBLE to vote")
elif age > 18:

print ("You are ELIGIBLE to vote")
else:

print ("You are NOT ELIGIBLE to vote") -
Ln: 5 Col: 2?

ST ST T i A ST-3THT $TIE 3 18,19,17 % €Y T Ld &, AT SIS 36 TR AT

File Edit Shell Debug Options Window Help
Enter your age : 18
You become just ELIGIBLE to vote

>>>

RESTART :

Enter your age : 19
You are ELIGIBLE to vote
>>>

RESTART:
Enter your age : 17

You are NOT ELIGIBLE to vote

>>> ||

Nested if statements @I‘@E‘ 3"15'@213231)
T T if...clif...clse TITHE o ST Th AN if...clif...else TTHE T@ Hehd & TH HYLX AT H
A& et el




5T 9 Torelt off dieam o ToHed shi Ush QUL o et e TR ST wehar 2| AfEET o &t o1 ot o
T TSHHTA AT S8 B I Ud i ST B Hehal 8, SHIT IS T 8T o $HE ST =18y

Nested if statements (el'{%'s' W@Zﬁ'&:ﬁ) hT 3GT8Y0T
JTIT 37 if. . elif. . .else TTEHT & ST hl TIY A o foTT IUUH hie T AN i

File Edit Format Run Options Window Help

# Program to check the eligibility of vote —
# using nested if statement
age = int(input("Enter your age : "))
if age >= 18:
| if age == 18:
print("You become just ELIGIBLE to vote")
else:
print ("You are ELIGIBLE to vote")

else:

print ("You are NOT ELIGIBLE to vote")

=
Ln:5 Col: 0

ST 3T T i 4 STT-3HT 99 AT 18,19,17 % €Y T HLd &, 1 STSCYE 36 TohR BAT:

File Edit Shell Debug Options Window Help
Enter your age : 18
You become just ELIGIBLE to vote

>>>
e e e e e e | RESTART::
Enter your age : 19

You are ELIGIBLE ‘ta vote

>>>

e e o= ue=s RESTART
Enter your age : 17

You are NOT ELIGIBLE to vote

>>>||

JATEUN: AT ST o A foh S HEAT UTcH, ROMCH AT I 2, &S if T WA HLd gL Th
T Tl
File Edit Format Run Options Window Help
# Program to check the number is positive, [
# negative or zero using nested if statement
number = int(input("Enter the number : "))
1T number > 0:

print("The number is positive")

elif number < 0:
print("The number is negative")

else:

print("The number is zero") o

Ln: 3 Col: 0

STl SATT STH ol =T T3 ST HEATAT o AT T hLd g, AT SSCYS 36 ThI E:




File Edit Shell Debug Options Window Help

'Enter the number : 11
The number is positive

>>>

=== RESTART:
Enter the number : -5
The number is negative

>>>

RESTART:
Enter the number : 0
The number is zero

IETET0T: {gah ShiTHT O et o U1 % STER UG Hawl FafRid i o o wen s for]

File Edit Format Run Options Window Help

# Program to display the message as per i

# colour of signal at the road crossing

signal = input("Enter the colour : ")

if signal == "RED" or signal == "red":
print("STOP")

elif signal == "ORANGE" or signal == "orange
print("Go Slow")

elif signal == "GREEN" or signal == "green":
print("Go Ahed!")

eLse: |
print("wait for the Signal to glow") o

ST ST ST Sl = -3 Y HEATAT o AT T L &, AT SSCYS 36 ThI E:

File Edit Shell Debug Options Window Help

Enter the colour : red
STOP
>>>|

Enter the colour : ORANGE
Go Slow
>>>|

Enter the colour : GREEN
Go Ahed!
>>>|

Enter the colour :
wWait for the Signal to glow
>>> ||

elif ST T ST ST 1T SHSIIET sht T W R sdl B1 e deel] FEiH false B, T ST
IR Sl SiTe Al ST & 3R 36 AL 3TFT 9gd =l TS hIs Toh heleH T8l 8, Al Hefad 508 saifh
frfed 2T @ 37K if ¥eeHe |y & AT 2

IETEAVT: T &1 T W @ﬁ'ﬂ'lﬁ SRR EDIY (arithmetic operations) FH & forT T
HTRUT SheAHe1et ST Rl ST forel] T sl UH 3T A1ie;

® IUANThAl ¥ aI TEATE TR i

® ITATTHA! I 3TH H I3 FHTA (+, -, *, /) TTIE HT o [oT¢




° aﬁwﬁnﬁ@ ﬁtaﬁm%a‘r@gﬁ (error)lﬁﬂﬂ?fﬁﬂﬁl
® 3T "-" & HTHSA U haled THTeHa 3a (positive difference) T&fRid |

o I IWANTeRT GOl HEAT 0 &S (enter) T & S ATIE '/ &St fohalT TAT € T Teh Hawm
"Please enter a value other than 0" Tef3fd |

File Edit Format Run Options Window Help

# Program of Calculator to perform i
# Four basic arithmatic operations
result = 0
vall = float(input("Enter value 1: "))
val2 = float(input("Enter value 2: "))
op = input("Enter the Operator (+,-,7%,
lf op == II+II:
result = vall + val2
elif op == "-":
if vall > val2:
result = vall - val2
else:
result = val2 - vall
elif op == "*":
result = vall * val2
elif op == "/":
if val2 == 0:
print("Error ! Division by Zero")
else:
result = valil/val2

1 %)

else:
print("Wrong input, Program terminated")
print("The Result is : ", result)

>}
Ln: 26 Col: 0

ST ST H, ST "-" SR /" o [T, elif sciteh o ¥iaR T if...else T HISE ol §9 46T if
el SITaT 2 if...else‘éﬁ?}f%ﬁﬁﬁ%%ﬁﬁ?ﬁﬂﬁ%l

JT for 291 T R, if elif EEET T SUANT HET GHT B TR o T TdH &R |, Teh AT
TIRRRITAT ST Sr=ieT T Suctst & fS8 Toaerer Ue AT shaT ST 81 SEeRT SUINT Ush HIEmoT
fearer etz & w0 foraT ST @eha &, TifehT I8 3R ot 98 o L H e




File Edit Shell Debug Options Window Help
|[Enter value 1: 45

Enter value 2: 68
Enter the Operator (+,-,%*,/): +
|The Result is : 113.0

>>>
e e e e e e e e e = 'RESTART:
Enter value 1: 78
Enter value 2: 89
|Enter the Operator (+,-,%*,/): -
The Result is : 11.0

B RESTART :
Enter value 1: 85

Enter value 2: 45

Enter the Operator (+,-,%*,/7): -

The Result is : 40.0

Enter value 1: 12
Enter value 2: 5
Enter the Operator (+,-,*,/): *
|The Result is : 60.0

>>>
e e e e e e e e e e e = RESTARI
Enter value 1: 90
Enter value 2: 0
Enter the Operator (+,-,*,/): /
Error ! Division by Zero
|The Result is : 0]

>>>
e e e === RESTART:
'Enter value 1: 50
Enter value 2: 10
| Enter ‘the: Operator (+; =.7,.£)t J
|The Result is : 5.0

T Ye HITAT (Structural pattern matching)

TR Y AT IS H match. ..case TeEHE 3R U T 1 TEIT FAT 81 match...case
TITHT 3T TIUTTHT TSTAT & switch...case aﬁa@ﬁqﬁwwwwél g Toreft SATesiae
1 AT €, I Uk AT ST 7l 92 © T AT & ST ATS ) LT § T Eeierd TR LT 8

qrerer e s o fore ShET i g=ft ot S0 i 7o s § Stedr 2 S € g fier e R,
TR HeIfYd case ceh gﬁ%ddl-iq{d =1 feaTfea shtar &, O B sciieh oh WWQ@WW%
1Y ST 3T STRY TEaT B a1 o ot &1 fall-through &1 ETaT, ATk 31T TUT SATSTeh ol 36 THR
fESITST o Tohd & foh U BT case Sciteh | ohs GTTeId T shl STCT ST Eeh| 313V, TeFarled U AT
% SN ST THFH o foTT Tk SeTeT0T <d &

ITEL0T: Tt e AT o SUINT Rl 391 o forw ush o fafaw)

10



File Edit Format Run Options Window Help

'# Program to illustrate the
\# structural pattern matching
ldigit=int(input("Enter any digit 0-9 :"))
Imatch digit:

case 0: print("Zero")

case 1: print("One")
print("Two")
print("Three")
print("Four")
print("Five")
print("Six")
print("Seven")
: print("Eight")
: print("Nine")
: print("Invalid Input")

»

©CoO~NOOUARTON

v
Ln: 8 Col: 10

mmﬁ,mmﬁmmm%&@a digitsﬁ@%ﬁﬁmaﬁél case & o< for@
Wqﬁﬁ@-@mdigita%ﬂﬁﬁgw?ﬁwﬁlElﬁdigitzO%W%caseOﬁﬁﬁg%ﬁﬁ
zero e &3 &1 weene fearfea g afe digit 0 o sRreR &t &, aF f==0T case 1 & &0 # fAfdy srmet
case @EﬁEWWWTIZIﬁ’digit =1 %,Fﬁoneﬁ?ﬁaﬂ@ﬁ?ﬁﬂqﬁﬂﬁ‘msﬁw,%case
2 ¥ case 9 T FeTdT &I Wcase%%@,ﬁdigitOﬁ9ﬁiﬁ%3ﬁﬁ%ww3ﬁ?§ﬁ}fa’6’
"Invalid input" fSic sam

File Edit Shell Debug Options Window Help

Enter any digit 0-9 :0
Zero
>>>

'Seven
>>>

Enter any digit 0-9 :11
Invalid Input

>>>
JFETETHS
1. o i faRaw s 7g st L for o018 g 7 @ faarsa € ar =i
2. U i fafaw St 7 siter 6L foF 1S 37em TR & a1 =ie R
3. U ST faRae St HE o e 3qE R 3R we o A fife
4. ITANTHAT G 2 TS ST il TS oF TR W AL Sl i o6 forw wah v feafa
o oyt wrwaTg, wmfgag am foweg 2
1.3 3@%91'-[ (Indentation)

11



STfrRTST SHfHT st H 3Rt scifeh % offat & TeHad i Fefl Siohed {} % ST T@T ST 2
BTeAifeh, TTHUT scifeh qAT LSS sclteh GLEHTST & fIq SE29 T IUANT hLar B| forelt weetie it
STESTTA H 3T aTel T 3T 2o i ST el ST 2

T H THH T T $SIM TESHSH o1 T & IS saifeh | SISl ol T30 T3 Tl 3t alga
Tl W ST T © ST AT SS9 Hel Tl =T 2, ol fHeae T a1 81 U= Tedsh S8e3H &

o ToTT Ueh 21 1 STINT SHTAT T=ITord 2
frfaRad T § if-else Telie & 2 sciih & 3T Tcish seiich oh THH ! THH HEAT % THH
T o6 K E1Y T2 ToRaT T 2

File Edit Format Run Options Window Help

# Programme to find larger of two numbers
# to illustrate the identation of block

»

numi=int (input("Enter first number : "))
num2=int(input("Enter second number : "))

1T numl > num2:
print("First number is larger")
print("Bye")

print("Second number is larger")
print("Bye Bye")

v
Ln: 4 Col: 36

muﬁmﬁ,sﬁmﬁmm num1 3T num?2 %II'Fﬁa?%IEQ‘Iﬁ numl > num?2 T4 2 ?EFFTQ,
else ¥ T[S TTHIH T scilsh [T BTN ST foh 3TT3eqe H fomm i &

File Edit Shell Debug Options Window Help

|Enter first number ¢ 25

'Enter second number : 23
First number is larger
'Bye

>>>|
Enter first number : 45
'Enter second number : 56
'Second number is larger
'Bye Bye

1.4 Tfifesm (Repetition)

1l &1 T Bl STET shi STTALIHAT BIdT 8, ST forsTelt o foiet T ST 8% HEH ATl 3118
e IS0 T & S R Il e T et Wshat sht +ff awiiar 21 o 1.3 o o =0T i i, a19e 31
1T ohT 29TTdT 21 A =Ror Sfefed SEt oA § S8 SiTd 2

12



for 1.3: e s =

Teh 31 3T ST&T & =UN ohl SIEUd €, I8 ® hell o Tcdeh forameff & fofq stem-srem siteq ar
HTE 3okl shl TUMT ShiAT| T8, BH Ueh forameff grr 5 forw=i & e 37ent o Hrer oY UM i o =ont

1. Toremeff g uter fo=rt & wTw 3iehi ug|

2. Gt 5 o o sient T AN el

3. AR5 Y farfera )

4. 9TH IO <Rl HTEA o &9 § Wi foham Se|
U ST hl el o Tcdieh Tarameff o T Srera Sirar aifer STted 3ish ITH fohT ST 9eh| 30 TR
% QIS bl T off el STt 2
ﬁ?ﬂ%mﬁ@?ﬁ{g%@ﬂﬂ@aﬁrepetitionﬁﬁ‘TW%WﬁWﬁ%l@ﬁm
o ToTU, 3TTST Ut 5 WTehideh GEATAl ohi fSie Rt aTet ffcTRad I o 4@l

File Edit Shell Debug Options Window Help

Python 3.12.3 (main, Jar
Type "help", "copyright'

| e s e e s e s i s s s e G s i S s s S G s
| R )

‘First 5 natural numbers
|1
2
'3
4
5
>>>

13



File Edit Format Run Options Window Help

# Program to print first =
# five natural numbers
print("First 5 natural numbers")
print(1)

print(2)

print(3)

print(4)

print(5)

>
Ln: 9 Col: 0

IO TTUTH § 5 STCTT-STHT STeh{ceh STl Rl T 3t o fTT print () HerT T 5 SR SN fomam
T 31 AR S 78 U= 100,000 Thfieh HE&ATAT T fife HET &, aF 100,000 SR print THE
foreT sroreft e g Teft feurferlt & S 7 loop @ frdifesm 1 ST ST 3tk 3Uh B 2
MU shegered ST W foreT TCHEH o THE %hl Teh T o HTER W SRR feqfad s ot gfaen
Y& AT 8| T o e o TeHH el qoh TR-IR =eld 1d &, STa o af 713 AATTSTehel SR true
ERIRGHIR]

IE HEIRM Teh AN o W 6 ATIR T ST ST &, T q9 gt aiuaet a1 Sl ol 99 I8
eI False ﬁﬂﬁ%,ﬁ@terminate HISIGIE

g TR A e gt § 6 a7 gifia it o o Sl ofad: False 81 STC, QTfeh T & amet
frehe Y Reafa s9 3T I infinite loop H T HH| ITTET & foTw, Af gAT HEWH count <=
100000 Frerffea &t <t 2reft, qr st hedt e 7 g

T H &1 YRR 31 QT shegad il & — for 3 whilel 15T, $7 (0T a3l s forea® &
Bl

1.4.1 ®R &4 (For Loop)

for@?ﬁzwmﬂrange of values mﬁf&awaﬁaﬁaﬁawsﬁmaﬁ%ﬁ%mw%
for T AT % T ITFH & [TC Th-Teh o HO1fed BT 81 3 A E&ATHe (numeric), R
(string), T (list) AT SIS ST IAA (tuple) &1 e 2

HR o4 <l i (Syntax of the For Loop)
for <control-variable> in <sequence/items in range>:

<statements inside body of the loop>

@%WW%W,@Haﬁwqgm%%ﬁ%ﬁ%wqﬁaﬁtraverse F e T ?
T e el 45T o Eft e HHTH &1 ST 8, T shelet for ST % qid a1a aTel $eHE TX =T SITT &1 for
U T ST hTd §HT U8l H & I€ F1el 2iell @ fob o fehetei1 st et gl

®R o skt FATEITE (Flowchart of for Loop)

14



for T o TISTEH T FRTH aTeT FeAT=Te o 1.4 ¥ fom i 2

for each
item in
sequence

Last
- item
reached?

41:

Body of for

»Yes

Exit loop

e 1.4 foragaﬂWﬁﬂﬁ
IETELOT: e Gl H WoRld @l §eansHl o1 AT 1 A o oY for ST T SUANT X g Th STUTH

fafam
File Edit Format Run Options Window Help l
# Program to find the sum of all numbers stored in a list =
numbers = [6,5,3,7,9,1,11] # List of numbers
sum = 0 # variable to store the sum
for val in numbers: # control variable to iterate

sum = sum + val # Adding the no. in the 1list sum
print("The sum is :",sum) # Sum of all no. stored in litst A

Ln: 8 Col: 0

ST 3T T W L 8, dF 3T3YE I8 BI:

File Edit Shell Debug Options Window Help

'The sum is : 42
>>>H

‘o"q?ﬁ?ﬁ‘;ﬁ'ﬂ'l'qﬁ, numbers WWQ&:“ SRER 2 SIF{QGM val forﬁg%%ﬁqﬁmﬁﬁﬁqw
1 RITT 31 FAITE, AT FT o |eft qealt bl AT fife e 2l

IETET0T: U Gl H HURI STl ol 69 A7 forem o w9 1 S o [e7g weh S fefay

15



File Edit Format Run Options Window Help

# Program to check the number as EVEN or ODD from the list |
numbers = [6,5,8,7,4,1,11] # List of numbers
for val in numbers: # control variable
it (val % 2) ==0: # Check for EVEN number
print(val, 'is EVEN number') # [Number is EVEN
else:
print(val, 'is ODD number') # Number is ODD 3
Ln: 5 Col: 38
ST 3T T W L 8, qF H13YE I8 BI:

File Edit Shell Debug Options Window Help

6 is EVEN number
5 is ODD number
8 is EVEN number
7 is ODD number
4 is EVEN number
1 is ODD number
11 is ODD number

T 3 TTHTHT 9T == AT S AT | for T T STANT i o IETEL0T 8| 13T A8 ot 76 o for T
o GT LS eI Rl STANT el fomam ST HehdT 2

() e
Range() TR 8 T folee-39 %o 8| range () BT &1 {6 &

range (start, stop, step)

TEHT ST T TQ T2TE A | TR0 A o, 4T 70 €9 HH o ST 6 |1, YUTishi o1 Uh STI5RH I7h
e Gl ST o foTe fera Sia g1 et sarexor fofwe Reerfert o feTu range() % o SUanT
T ST 2

File Edit Shell Debug Options Window Help I

>>># Illustrate the range() function
>>> # Print the single digit numbers
>>> list(range(0,10,1))
[0; %; 2. 3: 4. 5. 6, 7, 8, 9]
>>># Print the sigle digit odd numbers
>>>ilist(range(1,10,2))
11, 8, 5B, 7, 0]
>>># Print the single digit even numbers
>>>|list(range(2,10,2))|
[2, 4, 6, 8]
>>># Print the double digit numbers in step 10
>>> list(range(10,99,10))
|[16, 20, 30, 40, 50, 60, 70, 80, 90]
>>># Print the sigle digit number in decresing order
>>>|1list(range(9,0,-1))
[B, 8, # 6; 5.4, 3 2, 1]
>>># When start and step not specified
>>>|list(range(10))
[@, 1; 2, 3; 4, 5, 6; 74 8, 9]
>>>|

Ln: 15 Col: 19
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%M range () H, start, stop 3R step WTHIe B| e I 3fereh SRR 3Tl ST | SMTH 2
start 3T step THIET Jeh{eueh €| ATS start W IS 781 8, T fewice &9 & =t 0 ¥ & aIdi 8l Al
step ﬁﬁﬁﬁgq—iﬁé, ﬁ%ﬁwmﬁmmﬁm 1 QW%I g fewice ®T 9 start=0 3T
step=1 SHl|

range ()W%WWW@W@ step W@WWWW@W
2 ST ¥ 1 BIel range () HFTH ok T step T TTCH HTH Teh ST G311 568 Icq HTT
ST foh STIRE ISTEX0T | GITHIT TIT 8| ST range () 3T ST STeRT for@ﬁmﬁm@?ﬂ?
I~ R o fora foma strar @ St fos = geian ma 2

File Edit Shell Debug Options Window Help ‘

>>> o]

>>>|for num in range(10):
print(num)

CO~NONAWNR O

:

>>> | |
Ln: 102 Col: 0

IR IR g | range(10) WH’@T@W@F sequenceﬁ [0,1,2,3,4,5,6,7,8, 9] 39~

AT & AT num 6 557 o dcall 3l for T shl Tedeh ST H Ueh-UeF e T80T LT 8| B SR

ﬁprint(num)@ﬁ?ﬁmﬁwél W%Q,wm%mﬁwwﬁw_wmﬁzéaﬁ

&, St fop aTreede | feamn w2

AT

1. for 9 T 3UANT #d Y T 7Y foree & fore (odd) et fife st o forq wah s fafiay)

2. U UH! foree TefRia i o fore weh s forfa St € 178 g=it o deall o ol ol St st
2

3. for T T ITANT L §Y Tk STTH FIRIT ST STARTRAT & 3 TR Tk BalT (¥ T, SR T2
%! 1 (hobbies) T foee T Sfig 2| 37 § arsi foree & axft I wefyfa fifsy

1.4.2 SgTgeT <19 (While Loop)

while TZHE 3TTIRT foheft ST H true T Tk LHH o Ush sciteh ol TR-aTR feutfad e &
TR AT 21 while T 3T Shg el ST T o HIaR o fohrd! ot TeHe o e & waet Sireft St
& T 3 o W13 A8 HESIIH (L H STl ST 8 X I T HSIM el Wl 8, 7 AAdT L&l
& ST I8 I false B STl €, T U o 1S o LHeH (eTiad el 8 31X 501 while 97 %

T G ATl TETH T =AT ST 2

17



afe while T 31 I & | & STEA 2, AT T 1 1Sl Toh IR Hf Frearfed 7€ 2T while ReHe T
T T AT T2HE 2l while THE o HT T SohfeTah else It ¥l 81 Tl 2l

SETSeT 10 ST T (Syntax of while Loop)

while test expression:

body of while
while T[9 o T&T 91T o HIqX {7l 71T Tehieq UM B TR foh 7aa: HE false BT ST, 3=
infinite loop S SITET, fSre@ TiUm™ # logical error Sed= &I

SEIgeT U ht T (Flowchart of while Loop)
while T T T ot 1.5 # fo@mm mn 2

Enter while loop

h 4

Test False

Expression

True

v
Body of
while

Exit loop

<1 1.5: while 9 1 Welt=e
3aTewT: FfTRad ST while T9 o SWRITT § €98 |

File Edit Format Run Options Window Help

# Program to add n natural numbers
# Input n number of natural no.from user
n = int(input("Enter n: "))
# initialize sum and counter
sum = 0
i=1
while i <= n:
sum = sum + 1
i=1i+1
# update counter
# print the sum
print("Sum of",n, "natural numbers is:| ", sum) [C

vl
Ln: 12 Col: 38

[»

ST ST ST T L 2, AT T3S BAT:

18



File Edit Shell Debug Options Window Help

|=== RESTART:

Enter n: 5

Sum of 5 natural numbers is: 15
>>>

=== == RESTART:

Enter n: 10

Sum of 10 natural numbers is: 55
>>>

3THTSTHE

while T[T T 3TINT ek TgeA! 10 TH Her3il 1 fiie o o forg weh st fofag)
ST & UTH foRell T o 3Rl T T J1d i o oI Teh T feafau)
while T T ST shleh TN ST &1 775 HedT =Rl Lo i sh1 T foafiam
IE Siie o fore s ferftay fo & € dean dfcigm @ o ==

I8 S o fore o fafge {3 <t 18w smiei © ar ==

1.5 aiﬁ AR W@Z‘ﬁ'& (Break and Continue Statement)

T S STITH T 1 1 FRICATIA repetition i STTAN adl 8| F Teufert #, 59 1S
foree Shdter Sca=t Bt 2, @ &9 9 | ST et =Ted & A1 T i SR W 8 e 36§50

TTHH I BIEAT =ITed &

T SATITIHATHT %1 HHT: break N continue TTHEH T ITATT hleh T FohAT ST Hhell &) T
ST % flow of execution @l FRIFIT ST H ST T 3ATereh flexibility T&H i o foTq 3 weehed
IuTTeE AT 3

1.5.1 Sish T (Break Statement)

Break ¥2HE current T[T 31 HHTH T 3T & 371 36 7T o al1& g Il i aTe] alTet TeHe T TAHIana
T T 7, STRT & ST o7 Heame O 37 8l 2

A e

Enter loop for var in sequence
# codes inside for loop
if condition:
break
test o
False #codes inside for loop

expression
of loop

— # codes outside for loop

while test expression
# codes inside while loop

if condition:
break
v #codes inside while loop
remaining Exit loop
body of loop — # codes outside while loop

o1 11.6: T 1 91 TETHT 6 STANT o (1T FAT=Te
31T, forﬁ}fﬁ break%Wﬁ‘dﬂﬁ%W@W@%%l

# Program to demonstrate use use of break statement

19



num=20

for num in range(10):
num = num +1
if num == 8§:
break
print('Number has value'+str(num))

print('Encountered break !! Out of loop')

File Edit Format Run Options Window Help
# Program to demonstrate use use of break statement}

num = 0
for num in range(10):
num = num +1
if num ==
break
print('Number has value'+str(num))
print('Encountered break !! Out of loop')

Rl
Ln: 11 Col: 0

ST 3T T T L 8, qF HT3YE B

’Eile Edit Shell Debug Options Window Help
s RESTART
Number has value8
Encountered break !! Out of loop

>>> ||

‘o"@?ﬁﬁ'ﬂﬂﬁ,ﬁﬁnumwm8@W%,Wbreak@ﬁ?ﬁﬁ%%%ﬁ?for@ﬂﬂﬁ
ST 2l W@WWWW&,ﬁﬂﬁwhile@qumﬂﬁﬂW(positive)
AT T AT FHTAT SITAT 8| ST SUANTSHRAT ST &S bl TS HEAT 3KUMCHe (negative) &, @l 3TAT
SIS T SiE L T STl & ST AT TR fearm ST 2

# Find the sum of all positive numbers by taking the

# input using a while loop. Stop taking input when the
# number entered is negative using break statement
sum=0
print("Enter the number :")
while True:

num = int(input()) # typecast string to integer

if (num<O0):

break

sum = sum + num

20



print("Sum = ",sum)

File Edit Format Run Options Window Help |

# Find the sum of all positive numbers by taking the
# input using while loop. Stop taking input when the
# number entered is negative using break statement
sum=0
print("Enter the number :")
while True:
num = int(input()) # typecast string to integer
it (num<0):
\| break
sum = sum + num
print("Sum = ", sum)

ST ST ST T A 8, Al T3S BAT:

File Edit Shell Debug Options Window Help

>
Ln: 10 Col: 0

Enter the number

2

2

3

4

5

6

£

8

9

(0]

-1

Sum = 45
>>> ||

Tg Sie o fore fefaRad Sereer v fomm snd {6 st 3l 715 T 19T (prime) © 9T 72|

# Program to check the input number is prime or not

num=int(input("Enter the number to check :"))
flag=0 # Assign flag as 0
if num>1:
for i in range(2,int(num/2)):
if (num % 1==0):
flag=1
# number is not prime
if flag==1:
print(num,"is not a prime number")
else:
print(num,"is a prime number")

else:

21



print("Number entered is <=1, execute again!")

File Edit Format Run Options Window Help

# Program to check the input number is prime or not
num=int (input("Enter the number to check :"))
flag=0 # Assign flag as 0
if num>1:
| for i in range(2,int(num/2)):

if (num % i == 0):

»

flag = 1
# number is not prime
it flag==1:
print(num,"is not a prime number")

else:
print(num,"is a prime number")

els

@D

print("Number entered is <=1, execute again!") o
Ln:5 Col: 0

ST 3T T W L 8, 1 3T3YE B

File Edit Shell Debug Options Window Help

|[Enter the number to check :0
Number entered is <=1, execute again!

S
e e e e e e e e e e RESTART: ya|
Enter the number to check :1
Number entered is <=1, execute again!

S>>
Enter the number to check :2
2 is a prime number

S>>
Enter the number to check :3
3 is a prime number

>>>
Enter the number to check :4
4 is a prime number

>>>
Enter the number to check :5
5 is a prime number

>>>
Enter the number to check :6
6 is not a prime number

S>>
Enter the number to check :7|
7 is a prime number

>>>
= ——————————— L W " S S .\ T S /1
Enter the number to check :8
8 is not a prime number

>>>

Enter the number to check :9
9 is not a prime number

TSNS
1. Tordt list 7 forell foraIs item =T location W?@%%’Q@Eﬁ'ﬂmﬁf@?l
2. HHfATEd TRIeE #hie 3 HTSYE F1d HINT;

for val in "string":

"n.

if val =="1

22



break

print(val)
print("The end")

1.5.2 W@?ﬁ'{ (Continue Statement)
Glﬁcontinuel%?ﬁ'{w%,Hacontrolaﬁqﬁgﬁﬂ?a?%ﬁ@a?Waﬁg’Q@ZﬁZ}r%ﬁw
ﬁ%%%ﬁm%%m@ﬁ@mﬁwwé ﬂﬁﬂgaﬁﬁ (condition) 3T+t
ft T (true) B, T 9 R & T 2, ST 0T 9 o A A1E el Ve T TR & St
21 /o 11.7 ¥ continue RTHS T Tl GTTT 1T B

Enter loop for var in sequence
—» # codes inside for loop
if condition:
continue
False #codes inside for loop

test
expression
of loop

# codes outside for loop
while test expression
—» # codes inside while loop
if condition:
continue
#codes inside while loop

b4
remaining Exit loop
body of loop # codes outside while loop

= 11.7: continue TZHE T FAT IS

Iareor: fAeferfiad a0 9 9 aek gw 31T fawm st il @isH o fT continue TEHE & 3TFMT
T ST B

# Demonstrate the use of continue statement

# Program to print ODD/EVEN numbers from 0-9
num = 0
print("ODD numbers from 0-9")
for num in range(9):

num = num + 1

if num%?2 == 0:

continue

print("The next ODD number is :",num)
print('"End of for loop")
print("EVEN numbers from 0-9")

23



for num in range(9):

num = num + 1
if num%?2 !=0:
continue
print("The next EVEN number is:",num)

print('"End of for loop')

File Edit Format Run Options Window Help

# Demonstrate the use of continue statement
# Program to print ODD/EVEN numbers from 0-9
num = 0O
print("ODD numbers from 0-9")
for num in range(9):
num = num + 1
1T num%2 ==
continue
print("The next ODD number is :",num)
print('End of for loop')
print("EVEN numbers from 0-9|")
for num in range(9):
num = num + 1
if num%2 !'= O:
continue
print("The next EVEN number is:",num)
print('End of for loop')

STel AT S T L €, dl TSI E:

File Edit Shell Debug Options Window Help

ODD numbers from ©0-9
The next ODD number is
The next ODD number is
The next ODD number is
The next ODD number is
The next ODD number is
End of for loop

EVEN numbers from ©0-9
The next EVEN number is:
The next EVEN number is:
The next EVEN number is:
The next EVEN number is:
End of for Lloop

»

B<]
Ln: 11 Col: 28

ONUOWE

0o hAN

>>>

& & fo T3¢y # 3 %1 W fife 72t 2raT 2, feh continue ¥THE % o1& i W <rerdT Wl & 3R
for T[T HHTH &1 d 311 W1 2l fife T Taar 2

TSNS
1. 1 ¥ 20 e o M1 i 32 e o ToTq Teh o fofiae, S 3 3 0t (multiples) ST 7 &1l
2. 19 50 e Gt 9T Tt (prime numbers)aﬁﬁzaﬂﬁ%m@mﬁﬁﬁw

1.6 ﬁ'@gﬁgﬂ (Nested Loops)

24



T ST o 3TeT TET AT &1 Wkl 8| Uk &I o SfaT Eerd quL <7 shi &8 I & ST 2 inner T
outer@%ﬂ?ﬁwaﬂﬁwiaﬁwhileﬁjmfor@lW%%@,aﬁﬁfor@%w
while T[T &1 ThaT & 3T 38eh Tl +ff €var 21 STedt o7 # Uk & 31feren stfafiens o +ff & @ehd 3
T T 3H T A T RIS HHT AL Bl

THE qE H ST T HEmsAl R WR Yed wmme # R S 8 ¥ S5-I
(multidimensional) ST EEATST & A1 & i T +ft STl B &, S fg-3mamf W (two-
dimensional arrays) & e a3 ﬁ{?ﬁ list I 323\'3 T foraw Teh =T H;QCT ITTH I
WUT:ﬁﬁ@ﬁmw%%@madjectiveﬁ?ﬁ%%@ﬁ@@for@wmﬂw
TC T i faafay

# Program to print each adjective for every

# fruit in given list using nested for loop
print("Using nested for loop")

adj = ["Big","Tasty"]
fruits=["Apple","Guava","Mango"]

for x in adj:

for y in fruits:

print(x,y)

File Edit Format Run Options Window Help
'# Program to print each adjective for every |
'# frulit in given list using nested for Lloop
print("Using nested for loop")
adj = ["Big", "Tasty"]
fruits=["Apple", "Guava", "Mango"]
for x in adj:|

for y in fruits: —

print(x,y)

Edl
Ln: 6 Col: 13

ST 3T T T L 8, q1 HT3YE BT

File Edit Shell Debug Options Window Help
'Using nested Tor Loop
'Big Apple
'Big Guava
TBig Mango
‘Tasty Apple
' Tasty Guava
' Tasty Mango

>>>

IUA TRl §IT T 7T e sl fiie i & folu ek 31 Jium o¢ fa=m hifsg)
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# Program to Generate the pattern

# of the number input by the user
#1
#12
#123
#1234
#12345
num=int(input("Enter a number : "))
for i1 in range(1,num+1):
for j in range(1,i+1):
print(j,end="")

print()

File Edit Format Run Options Window Help

# Program to Generate the pattern |5
# of the number input by the user
# 1
# 1.2
# 123
# 1 2 3 4
#1 2 345
num=int (input("Enter a number : "))
for i in range(1, num+1):
for j in range(1,i+1):
print(j,end=" ") il
print() s
Ln: 7 Col: 0
STl AT T T L &, al SSSYE B
File Edit Shell Debug Options Window
Enter a number : 5
1
1 2
1. 2 3
1, & 3 g
1 2345
352

1 & 10 o STe SWTST ST Sl J1d FH o AT TS T T ITANT FHLH AT Th 3= TUH T/
[EELEAIEL

# Program to find prime numbers

# between 0-9 using nested loop

26



print("Generate prime numbers in 0-9")

num=1
for 1 in range(0,9):
j=2
while(G<=(i/2)):
1f(1%j==0): # factor found
break # out of loop
j=1
if(j>1/j):  # no factor found
print(i, "is a prime number")

print("Bye Bye!!")

File Edit Format Run Options Window Help
# Program to find prime numbers

# between 0-9 using nested loop
print("Generate prime numbers in 0-9")

»

num=1
for 1 in range(0,9):
j=2

while(j<=(1i/2)):
if(i%j==0): # factor found
break # out of loop
ye=1
if(j=i/j): # no factor found
print(i, "is a prime number")
print("Bye Bye!!")

STl AT T T L &, ql SSSYE B

File Edit Shell Debug Options Window Help
Generate prime numbers in 0-9

is a prime number
is prime number
is a prime number
i prime number
prime number

is a prime number

v
Ln: 3 Col: 33

DO DD

foret fou 7w e o1 Sareifae fHemter o 7T e @11 T o o hifs)

# Program to find the factorial of a given number

num=int(input("Enter a number: "))

27



fact=1

# Check the number for negative, positive or zero
if num<O0:

print("No factorial for -ve no."
elif num==0:

print("The factorial of 0 is 1")
else:

for 1 in range(1,num+1):

fact=fact*i

print("Factorial of",num, "is",fact)

File Edit Format Run Options Window Help

# Program to find the factorial of a given number [
num=int (input("Enter a number: "))
fact=1
# Check the number for negative, positive or zero
1T num<o:

print("No factorial for -ve no.")
elif num==0:

print("The factorial of 0 is 1")
else:

for 1 in range(1,num+1):

fact=fact*1i |

print("Factorial of",num, "is", fact)

bd]

Ln: 4 Col: 33
STel AT T W 1 &, Al 1SS B

File Edit Shell Debug Options Window Help

Enter a number: 0
The factorial of © is 1

>>>

Enter a number: 1
Factorial of 1 is 1
>>>

Enter a number: 2|
Factorial of 2 is 2

>>>

Enter a number: 5
Factorial of 5 is 120
>>>

No factorial for -ve no.
>>>

AATSTHS
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1. &S T 3T ITATT Ld §C U SR (rectangle) ST o foIT T feTRee s/ 6 Wt (rows)
TR ek Uitk & 20 * o @1 2|
2. Freferfad e = fiie s & fote ues wmm ferfa;
a. b. c. e.
1 1 A 1 54321
22 21 AB 12 4321
333 321 ABC 123 321
4444 4321 ABCD 1234 21
55555 54321 ABCDE 12345 1
a9

30 91 1 fernfelat 3 wia for amr=ra: Ueh T =RuT-gt-=oT (sequential execution) TIetdT 81 AT
ITETereh Stia shi R (S8 oS 31 ol TTshaTd) H sheft-aneft fHofar o a1 it ol I-aTR SetH
T SATATIHRAT BIT 8| FHT TR, T H:

« Conditional Statements ol &7 & TaTraT F°td 2|

« TH A1 I g TR e H Heg Fd 8

I Control structures TITHT T flow of execution &I FREIBA F 3 Afea awemed =t
FRIAAAF & LA H &TH S 8

YT I e
A, Tgforeheda 9
1. U 31 YehR o helel TZaer HUIE hLal 82 (3) WHRIEYH I HifraH (o) Higde 37
ATEst (§) foree -3 3 For-fewige () Toram i fdifeem
2. “Wﬁﬁ“ﬁ@ﬁmw(selection)ﬁmwaﬁﬁmﬁf@ﬁﬁﬁwmﬁ
AT foRT ST 82 () if else ®HE () for T () while TqT (3) HHRE
3. UIYH H 99 TR T $Se¥H cHed i 0 |  fohad STrear 82 (31) fet scifes 31T #ie
(&) THTTer A (&) et e (@) TeiTet shglet Tgerem
4. 3SIRM o T T o ToTC For®t it T STANT 81T 22 (31) \t () \n () @ (3) #
5. Torelt SO H TeTHEH % U HE i SIEUAT (ohTehl Hag § €d 87 () if-else () TH (W)
2 ATH (T) B

29



6. 1 Torell 0 § ST IS false BT ST &, AT T[T AT AT &7 (3) FHIH &1 ST & () =rerar
T&dT & (&) el BT ST 8 () T 3cd— il &

7. Torer dharT ST ST AU 71T ¥TE HIH © T HIH T (V1T HIH i BIgeR), fau 1T w0 de
% 3T & 1Y, qgfaﬁao‘r W%@WW%%@%&TW%Q (37) range() ()
random() (¥) maths() (<) int()

8. range() B & start 3T step T FH BId 82 (37) Ihfcush () AT (@) fewiee (3)
EEIES

9. () 31T g B & Tt Tt . 9 =fee? (31) 3fesk (@) we (7) fore (3) 2uet

10. T PR 31T $o7() HRT TS GHTcHE AT SRUMTcHe: qUTieh &1 §ehdl &, TIfoh g T 8 &l
Thar? (3) 0 (F) 1 (&) -1 (3) -2

11. %R range(x) ST T I8 5 [0,1,2,3,4,5,6,7,8,9,10] ST M| dT x T T T
BI? (31) 10 () 11 (@) -10 (3) -11

12. Trefafiad o & for¥ qrrem | SR od o &9 H START 71 [ohAT ST 82 (37) for 7 () while
T () do-while T (3) T4 & IS a1

13. U T H, Ueh shaled & 27 (37) TUm-fafers Ser Teer &t qieaniya it 21 ()
ST & TeeHed o OTed o W i FHERTA eaT 81 (W) 7 STt & foh ST I[& & & veet
3T 3Hh THTH B o ST T BT () ST H § whiS T

14. frefafiad o fraft SR e (31) 2 @) 3 (@) 1 (3) 0
i=2
while(i>0):

1=i-1

[ N N e

15, THHTRIRIT i€ okl T3S AT &7 () 12 (9) 1, 2 (H) 0 () Error

x=12
for1in x:

print(i)

9. T T
1. Toreft s § Rt o feaTeH o 3H T ST 2l
2. U scifeh 3TN TEE scifeh G o folg T ST AT R

3. ST ST o &Ll ohl g ! | Sire AT & R AfS $SevM w421 & af Lecey
ar 2l

4. FATST if ok TT-HT T o |ef off 37 Teh 2
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5. break WEHI TAHM U I T adT & ST I Y o &1& oTcd TeHE o e shi fohe
H [ F adm 2l

6. S continue Q@ZWWW%KﬁWWW%W@%&@W%W
Y THH & FOIET T a1 8 3R STl $ERM o foTg o oY YT H #E ST 2

7. UHQTH SAIEATH T T S g

8. =T U I W ITANT farfir R e fife T 2

9. ST ETEATST o | T i o fore, S - exfr fie o, sai AR
GREEERIAERISIRIN

10. I Sire o fo7u €eeie foh a, b o SO & A1 A= if H

. T T T IdTu
1. if ©HE & d&d Ueh scifeh H ST+t <R I TSTHE 31T Gehd €, SHehI shis €HT Al 2
2. U H TIHIH AR T T I & STal o 196 his WTH ARl I STEA (false) ST &t
gl
3. range()Wﬁ@ﬁ?&-ﬁW%l

4. while ®ZHE IS o U Sci1eh ohl S-SR e ok AT & STal 9k < ohl shg ol T4 & (true)
T

AT 3T T o 3eT T (16<S) Tl ohl I3 HIAT 8] 8

"break" SIS T FEAHI i T § ATeX ket o fo foarm ST wreett 2

Ffd =h1E 31 T ST (false) &l BIcil &, T <7 3T A (infinite loop) &I STAT 2

I 310 T (true) B AV if SeiTeh ok LSHIH =i, ST else ST o THIH il

o =N W

9. U™YA H Do-while Ueh AT ¢ K
10. break 3 continue ST ¥eHe B

‘q’.agrﬁﬁ'q:rer

1. e T fAfae St Swimehal @ A1 3 37 e ot I8 HawT feey o a8 grefe wsee
o T STTeIe o I 2 A1 7| qriet 1 18 99 2

2. ITANTSHRAT G G5t fohT T Foheft ET T URTET (table) fife 3 & forw wan v fafiaw)
ARy (maximum)?i’@lTﬁEW%l
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4. %ﬁ??ﬁ(}l%m@mw{%ﬁmmﬁmwaﬁf(year)ﬂf']’:faﬂc(leap
year)%EIT:EQfI

5. @Wmﬁﬁﬁﬂﬁ%ﬁﬂgﬁ(sequence)mﬁ: -5, 10, -15, 20, -25... n 9er
e, STl n STANTeR G ST fora T Tk qurfeh 2

6. 1+1/8+1/27 + ...+ 1/n 3T ART JTq A o T Tk ST fAfa, et n STarTeRal 510 &St
fopam T 21

7. SRR R S R T ek ot s % i e i e e ¥ o o fefegy

8. U bR fTRay ST Siier el & fob e Hea AfeAg M (palindrome) & a1 =&l (Afcig a8
AT BNt € ST 3 AT NS & Y I Teh St el B, AW 121, 555))

9. hIEIS o HIEAH { TSt hl T3 AT hT Ueh Gl (list) H H T <! WA J1q A 6 foQ
T S ferfy)

10. N&@qlq:idgd hid ﬁ?ﬁ?{@ﬁ@@ﬁma@(secondlargest)ﬁ'@TﬁZﬁ%%’Q@
s fetfiy)
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O 2. U | et (Functions in Python)
T foraTe T | T, SRR 3T 3171 2 F1d i BId 2| HIHT=Id: §H $ 3TcTT-3TeTT ST o
ToRTY TRl a1 §a YeTdTSt Sl |9 3d 8, ATk i eTe T § T &1 Foh| I o 1T, @H-IH
1 T heTH I ST ASITEE 1 1 SHICH I (AT SITAT 8| 98 I STRATSH T Tel TR FHTAT ST
B ST 21 6t Tehr, St 7 off 2 foreft forsie el <Rl Rt o foT ek shT SUT o &, e
TART T HigIe iR e § HTEH o 2

o= 2.1: foame T ¥ fafy= et
T THergT (hTd)
TeFIT SIS T Uk UHT Scifeh B1dT & i Tohell eI shrel ol st 21 W fifSTe &6 ek TET T =T
T ST Tk I ST TR 3 1| 6 THEAT 1 & i o (1T §H 31 HerT ST Tohd &
1. 9 T o fTT Teh e
2. ST I TH o ToTT Tk e

ot SIfeeT T ot B1e-B1E AT | forvTiSTa ot § AT TIUTH HeH | ATHT 81 SITdT 2 3T 3HehT
T ST off foraT ST ket 21

WeRITe FHTT
TT THU =hT HAMTETE T oh foTT Teh Hefe greet() SHTG|
def greet():

print("Hello World!")
Y %o o faf=T 91T 59 TR 2
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def keyword is used

to create a function l

function body
T&t, Hello World! fii2 0 % foTT greet() TTHe Teh GTEROT ST SITIT 71T 2
Ve B T T, SSETM ol AT HecdqUl 21 $SIXM oIS ol Ueh Ufth ohl I&ATA H fich T
Fd 3l

JYUH IS H, print() THS 1 AT fom o fAIg <2 fora 7 & Tof a7 W o e Wit ot Tt
2, ST ST ohT TRCTST ShT 36k T T § STERT el o

THeFIT <R hieT h{AT (Calling a Function)
IYTIh JETe0T | ‘greet()’ TH T Ush M declare fohaT T 2
def greet():

print('Hello World!")

JYUTH IS I T L T I3 HTSYS TTH AT ST hare Iqeh HaT fofd T hie ot Foanfad st
o ToT ST SITaT R1 38k fuTe o ToTU e Rl hicd ohiAT STTaTeh BIdT &l e ohl shicd hid o
oI et SERT AT @ietd 3R §iE i a1l I8 (parentheses) o AT fof@HT grar 7, e fok i
[HCIRIRIDIRS

greet()
a1eT iR e o arer Yt ot for W sl 8 shiet fomam ST

def greet():

print("Hello World!")

# call the function

greet()

print('"Outside function')

STIRh 3eTeWT |, greet() TTHH Ueh %I ST T B F==I07 3 Waite =t it gsia T &:
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21 def greet(): <
print({'Hello World!"')

# call the function
3 greet()

'—p print('Outside function"')

ST “greet()’ ST T hict TohaT STTAT &, T STITH ohT f=I=T0T ST shl UfCITST UX =iefT STt 2| e
o 3L T T IS Foarfad T SITdT 21 $6eh S1e T oh1 01 BRI shict o 1 ATt STl TTHE
T qE ST 2

QI e 311"\'1'&2‘ (Python Function Arguments)

HATHE e I 3T T 399 B 81 STNIHE o AT o Haw | UTe foRaT ST HehdT @ 1 T Soci@
foherT ST EiehalT 81 STcieh it H STHT-3TTHT deh UTH ShLAT 6w &, Foredt e I TRitsar I ferefier
T ST 2

freforRad 3eTeTor &, W 'Diya' 3 greet() %o o e B I foRIT TRIT € @Tf%k 'Hello Diya' % €9
T HTSYL TR [T SIT Hehl

6 WA I T H 'Deepak’ ATHe g8 deh o |1 e AT ST @, St foh =<t fow 1 shie # fewman
T 2

def greet(name):
print("Hello", name)
# pass argument

greet("Diya")

greet("Deepak")

et Trseye foum ma ]

File Edit Shell Debug Options Window Help

>>>|def greet(name):
print('Hello', name)

>>> # pass argument

>>>|/greet('Diya’)
'Hello Diya

>>>}greet(’Deepak')
'Hello Deepak

>>>‘ -~
Ln: 9 Col: O

3 AT Rl SIS o foTq e a1 ek 37 3eTeLor Sfigt)

=
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# function with two arguments

def add numbers(numl, num?2):
sum = numl + num?2

print("Sum : ", sum)

# functioin call with two values

add numbers(4,5)

IULITH IETET 1, add_numbers() ATH Teh B TRt o G 1T 74T 8: num 1 3T num?|

File Edit Shell Debug Options Window Help |

Al

>>># function with two arguments m
>>>def add_numbers(numl, num2):
sum = numl + num2

print("Sum : ", sum)

>>>|# functioin call with two values
>>> add_numbers(4,5)

Sum : 9
>>> || -
Ln: 25 Col: 0
def add numbers(numl, num2): <
# code S /"
2 R
add _numbers(5,4)
— # code

YTHeY @ Wj’ﬁ'& (Parameters and Arguments)

e

TTHTET TR TICTNT H S8k o 3fat Feliarg 9 Bld &) o 39 21 o oY e ieet hi aie il shid
& TSr8 T shiet aht TR Tfeh oL |kl 2

HIET 3l 3 @ (blueprint) % &Y H T ST ST GIR AT & foh Here forer Tehr sl ST
ITH T ShT STUEAT HLT 2

36



def print_age(age): # age is a parameter

print(age)

TH IETET H, print_age() WWE&Z%W‘& age@?ﬂ%l TIAlT, 30 &R W, Iredfash 0
fAfd 7=t 21 age THie Faet wah faf3ry o Y Iedter 3 T U wiogieet & S8 hae it i
T Y& R ST R

ATHEH
SATTHCH SR A B 8 SiT eI i hict i T U1 foh STt 2| et WhererT foyeeTfet 2 @
ATHEE Freiet i fereeria T ad 2

print_age(21) # 21 is an argument

T, T hicd o S, Teh 21 BT ol g fomam ST 2

g fied weede

Torelt eI ST A1 return TESHE T SUFNT hleh AT ST 2
T fou U Sereor w o i

# function definition

def find_square(num):
result = num * num

return result

# function call

square = find_square(3)
print('Square:', square)
square = find_square(5)

print('Square:', square)

YRR 3&TeWT H, find_square() TTH Ueh BT ST 7T 8] e Ush HEAT Tieh AT © 37T
TEAT T T AT 2

e return LEHS B o 3 ol i S1TdT /1 return o oTE ohis ¥t shig e ==t 8T =1
T Tg TeeHe

pass TeHE WS & g & foTt Teh e Ieet & &9 H Rl idl 2, WIell his scllehi o HIuT 8
et AT T UhT 2| FEHHT STANT AR T TET FoRAT SITAT & ST&T hIS hl AISHT SIS 715 & TIfoh
a7+t Ter foran ST aIeht 21
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def future function():

pass

# this will execute without any action or error

future function()

UTI TS et

T 8 folee-57 e S& T ¢ TSehT ST ©ftel umrer S & fora ST &ehar 8| T8 et
T TH B ST ol AT 81 BId &, T8 3ra hicl i hl SATTLIHAT BT ol

TS UTH AT HAT &

print() - prints the string inside the quotation marks
sqrt() - returns the square root of a number

pow() - returns the power of a number

¥ AT e HISA o e TRAING BId €, I IThT ITINT i o fIQ, SATohl 70 T 6
3T math TSI T MM AT BTN IS o TeAT, sqrt() math HTSIA o e TRATG 2
SHIJUREIEOE] Fl'lga'{cf e (Python Library Function)

IETEOT: TTAUT AT e

frforftad SaTetor & Urrer TTgsi e 3 SUFNT S THE 2|

import math

# sqrt computes the square root

square root = math.sqrt(4)
print("Square Root of 4 is",square_root)

# pow() comptes the power

power = pow(2, 3)

print("2 to the power 3 is",power)

A&t 3Treeye fo T 2]
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File Edit Shell Debug Options Window Help

>>>|import math &

>>># sqrt computes the square root

>>>lsquare_root = math.sqrt(4)

>>>|print("Square Root of 4 is",6square_root)
'Square Root of 4 is 2.0

>>># pow() comptes the power

>>>/power = pow(2, 3)

>>>Iprint("2 to the power 3 is", power)

2 to the power 3 is § J
>>>‘ >l
Ln: 65 Col: 21

T FaT=e U 3TTereh SITaehr

T H, e ar AR 7 ferfora € SueRdt-af ey wee (SuRmTehal-aftaniia therT) K
Tk TSI BaT (HTeh ATgsitt o) | 3 ST ohs aiE | for= &

3 ITINTRAT ZRT SHTE 7T S B 8| o SHRT STTEehal o STENR foh S aret fafirs s & fog
TETTee fohu 7T &) o TTrer o6 HieTeh Zereiied sh T el &) SuiiTehel! o6 Te 37 AT STTaehd Al
o STTEY ST 6T Tl 2, ISTEd i H Teh AT 921 SIS ST 2

T I & el ¥ JIX (pre-packaged) IUER 2| I U U Uedl ¥ & SdHied (built-in) Bl 8 3R
YT % foTU IR Ted B 3 WherT=a TT{UTd, higet Sreimai, fma o |rer e ot Tt 311 S8 ek g
1 1 FHAL FA &l g0 TIUH THETT S GIevr foham T 2, fored gehl Srispererd (efficiency)

R forg @i (reliability) Gf2a Bt 21
e | fethice

T TR #hi fSWhiee deh W Ta sl STATT 3dT 2| Tewhice bt ol ST el fohalT ST @ 51

TR ohicd o I 5 JUHTS o foTu 1S Tom o1 uter 7€ foham STTat 21
ITSY Teh 32T <)

def greet(name, message="Hello"):

print(message, name)

# calling function with both arguments

greet("Students", "Good Morning")

# calling function with only one argument

greet(""Diya")
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[ar&t Trseye foum ma 2]

File Edit Shell Debug Options Window Help |

>>>|def greet(name, message="Hello"):
print(message, name)
.|# calling function with both arguments

>>>|# calling function with both arguments
>>>|greet("Students", "Good Morning")

Good Morning Students
>>>|# calling function with only one argument
>>>|greet('"Diya")

Hello Diya

(1 —

ﬁmﬁaﬁbﬁﬁmmmﬁwwﬁﬁtﬁ JTEU 39 GHET o fofU Ueh o0t
TR 10T d 2

# Find Maximum of two numbers
# Without using function
a=10
b=20
if a>b:
max=a
else:
max=b

print("Maximum = ",max)

File Edit Shell Debug Options Window Help

>>>|# Find Maximum of two numbers i
>>># Without using function
>>> ga=10
>>> b=20
>>>|if a>b:

max=a

max=b

print("Maximum = ", max)

Maximum = 20 ‘

>>> =~

Ln: 11 Col: 0

YR T | 0T (value) &1 fie w3 & e s foree-37 hawe print() T 39N foraT T B 39
HHEIT 1 & B ohl Ueh 3T dliehT I8 & Toh TIUTH ol STAT-3TAT hig scdTed | forvTiora femam s
I Tk sclTeh ohl Ueh U e § TET ST 11 foreT foreis sl oht st o ToqT o= foram smar 21

Toreft STt T oh STEHT-SHHT Tl hiS sciiard AT o= A1t S fSfRre s aret Su-wwensil
(sub-problems) ﬁﬁwwﬁmﬁu@@ﬁmﬁn (modular programming) 3&T SITdT g
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T A T 3T HT=H i ST ST I ST o AT ohT TS| B0 ITe ST § Su=nehd-
TICATIN ShaRT (TST-TSWHIES WharerH), e &1 AT (flow of execution), =X (ATUST) T IR
(scope) 3T Gk AR (standard libraries) 9 EElETUl

1.2 %™ (Functions)

TIITTHT § ShersT o7 SU=NT HigIAREl (modularity) R 9 STAFTT (reusability) ITH G % Th
WW%W&%&TW%IWﬁﬁ%ﬁ(instmctions)%@ﬂﬁﬁ%%@ﬁm
foraT 1T @eha 2, S et (invoke) FoRT ST ot we forfie sl ot qur et 2

Teh S AT TN &1 ST o ai7e, 38 T ok frfer Sori & sR-amR hie ferarm ST et 2, fomm
TR U U I [oT| 38 ToReT 37721 e oh ST i Sharet ST oh A1 foTeeht 3 STreeaeh
TarHied (TS &) T ek it TohaT ST EehdT 8| ST i fofad o SToHT STawIehdl o 3THR
T =Te 3 ST IR St TehaT 2

SILh YT i ITL-TSHTES a4 T STATT i §U 1=l IR STTHR I foam T 2

# Find Maximum of two numbers
# By using function
def max(x,y):
if x>y:
return X
else:
return y

print("Maximum using function=",max(a,b))

File Edit Shell Debug Options Window Help
>>># Find Maximum of two numbers S
>>> # By using function
>>> def max(X,y):
if x>y:
return x

return y

>>> print("Maximum using function=",6max(a,b))
Maximum using function= 20| i

>>> =
Ln: 210 Col: 26

S U T T 1 T A W, FSTEH SATha® A1 (maximum) 31 $FRT 3T ST Hleh HIT foHT
e o eIt TIT B, I8 ST ST Eohdl & foh e ol SUINT i oTedT TIUTH 3Tfereh sgeferd
(organized) 3R U | AT BT 2
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21 HEHAT § § SRR HI [T U % fIT ‘max ()’ THE Toh IE-TSHTEE B h1 STANT foharm
STAT 81 “print()’ T I T Ueh foed-37 o ©, TSTEeht ST O (value) b1 shiel T Jef3ia
0 & fou e strar R

$H TR, TR H &l TR o B Bid &— I5T-TSHTES S S foree-37 heer4|
THEFST ok AT

TRt ST o thereT ohT SURNT oA o fferfiaa o €

e USAT sIgTT & (Increases readability), fo=iT &9 @ oiel sl & foTu wifeh herT 61 39T
Sk T Eck &I & Saiyd i gHg § ST 2T 2

® IS I IS 7 AT & (Reduces code length) Fifeh Tek & shie =hl forelt Tiome o &8 Tt
T fore T sTTawrendr el gidl =l I8 feafii i off o sHmar =)

® T ITAINAT ST & (Increases reusability), Tk foREt HarRT ol ToreT 31T hareret AT fofeft
321 ST H hiet (2T ST Wbl €1 S8 Toh, §H Teed | TTCaTINd SerT= 2l OF: ST 1 39
o 0T S Fehd & ST THTH i ohl S-SR fore ¥ <=1 7T HehelT &
® T I N oF HERAT o sfi<l STEHT § TSI o 36 §HIR (parallel) &9 & 91 5 €hd 2
2.3 TR-fewrgs o
AR 1 I ST G 7 @ 33Td B, ITAe H I TEqehIerd o q8d Sel Sl H e
UE H € 3UTSY B TH 37 BT Bl UTCATIYe Toh formT ©fier 79 Wi o ehict o< Tehd &l BT,
AT TS S & STATET, B T fofad 99T 379 S o haw™ IICHTING o ehd 8 U8
SR Shl STANTRAT-TIATINA ST e STl &l $6 TehIL, STTHL Sl STTARIHAT o HTHR FH Bl
I ITH L o ToTT TR ek BT ahl SURTTehdi-UICHTINd SereT Shal SITdT 2
2.3.1 SUANTSRAl-TRTIYe hereT ST (Creating User Defined Function)
Teh e TICHTST def (define o ToTu €ere) & IT& BiciT €] STANThal-qwITNd ST ST o1 fefeam

fom 2.2 # femmn ma 2
def<Function name> ([parameter 1, parameter 2,....]) : | Function Header
set of instruction to be executed Function Body ( Should be intented
[return <value>] within the function header)

fert 2.2 SuRTTeRal-gTeTa thereT o1 fieam
" 1" EET 3TTEeH ST FEdTd § 311 S Aehfous B 8| sateTy, Tt e § e & ot wehdt
& ST 7t oft) w1 &), Uk B 91 ater ot Tehar ® 3 T oft| e 2T AN Uk e (0) F
T TUTH BT 2| BT 19 ST 2 e Ug=ehaietl o ATHetor & e e ATHeRoT o
+ft ] B 21 e S o STEL o TTHCH hl HarRT a6l T el AT STl 2
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freaferfad S ewriar & for 2 darati sl Siie 31 3k AT ol T o ®9 § GSRid o o foTe
IR - T AT B ohel for@r STrdr 2

# User defined function to add 2 nos. and display sum

def add():

num I =int(input("Enter first no. : "))
num2=int(input("Enter second no. : "))
sum=num1+num?2

print("The sum of",num1,"and",num2,"is :",sum)

# function call
add()

File Edit Shell Debug Options Window Help

>>> # User defined function to
>>># Add 2 nos. and display sum

>>>|def add():
numl=int (input("Enter first no. : "))
num2=int(input("Enter second no. : "))

sum=numl+num2
print("The sum of",numi, "and",num2,"is :", sum)

>>>|# function call

>>> add()

Enter first no. : 10

Enter second no. : 20

The sum of 10 and 20 is : 3¢ I
>>>| v

Ln: 287 Col: 28

ITIH T H, add() T STARTRAT-FRCAI BT & ST $YE o &9 § 2 qUTieh HeATd oIl 2, &
TEATAT 3 FNT T TUMET AT & 3T SH T T 21 36 Haw ol (wurfed i o foe, 36 b
T B T () T SUANT ek shiet BT ATILIH 2| ST {5 fo@mam 1 B, B add 1 g
ifam uftr & et foram ST T R

def I T ITANT B ! IR A o feTw foham SITaT 8 3T Ha &1 A def hiaE & a9
for@n Strar 31 fAvaTe & we, I Uk 1 How oSl ST & S I Teh 97 AT Y LT 2
THHT SUANT if else ST ot oft shaier Toerer o 31X foham ST |ehalT B

frafaRad Sarewr & 7% Ty gar 2|
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# Using function inside the if...else

def test():

a=int(input("Enter a value : "))
if a>0:

print("Positive")
else:

print("Negative")

# Function call

test()

File Edit Shell Debug Options Window Help 1

>>># Using function inside the if...else |*
>>>|def test():
a=int(input("Enter a value : "))
1T a>0:
print("Positive")

- print("Negative")

>>>|# Function call
>>> test()
Enter a value : 11
Positive
>>> test()
Enter a value : -9
Negative

>>>

JTETEHE 2.1
1. ISR-FEHIEE e ol SUANT Fieh o1 T3 H & HUHaH (maximum) F1d FH o fAQ
T T feAfay
2. TSR-SHTEE e ohl SUANT Hileh [ohE! AT 1 Al (factorial) e % forg wh
S fafay)
3. ISRSHTES o T ITANT hleh STl GI &1 shl 7T TEAT o 3Rl T AT (sum of

,o,

Ln: 313 Col:

digits) fiie 3 % forw wes T ferfa)
4, ISR-SHTEE e o1 STANT e STANTRAT & fo HE@AT (day number) Tt 38T o T
™ (day name) ﬁ?%ﬁ%%ﬂ@ﬁ'ﬂmfﬂ'@m
YT T ek
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?ﬁ%ﬂTHﬂiﬁE (argument) 9g HIH (Value)ﬁméﬁﬁqﬁéwwmél I faU T 3TRTeT
T 0T e o iR € TRl & fTT ST €, difer a8 oft wvie & fof Iei-fewse sam i il
T THT 38 T YEH fh S

Toh I8 A 1T & IS heeT shict o I e ahl 43T STTdT 8, 3T I8 71 %ae g€ (function
header) T i Gaiferd diex (parameter) FRURSIERED IS RIS

ISTELUT: Tk oh TTY eI o STANT hich AT GEATSTT Rl SIS oh foTT Tk arre shie ferfiam)

# Sum of 2 numbers by using function
# with specified arguments
def add numbers(a, b):

sum=a-+b

print('"Sum using function with arguments',a,b,'=',sum)

# Function call with arguments 4,5

add numbers(4,5)

File Edit Shell Debug Options Window Help
>>># Sum of 2 numbers by using function &
>>>|# with specified arguments
>>>def add_numbers(a, b):

sum = a + b

print('Sum using function with arguments',a,b, '=', sum)

>>>|# Function call with arguments 4,5
>>> add_numbers(4,5)
Sum using function with arguments 4 5 = 9
>>>|# Function call with arguments -4,5
>>> add_numbers(-4,5)
Sum using function with arguments -4 5 = 1

>>> v)
Ln: 145 Col: 35

T fu T 3T §, add numbers() A &1 TIHIET a TR b TaT B Hae™ add numbers(4, 5)
T 7 Tt foram man 2 for Sete a 37T b 1 SHUST: 4 37T 5 3 W 979 81| % add_numbers(-
4, 5) 9 7 fraffca foram mam & for Siet a 3 b 1 shAeT: -4 3T 5 % A 919 B

fewiee WX

Wﬁmﬁﬁmm(defwlt mlue)ﬂ?ﬁ%ﬁ@ﬂ@ﬂﬁéﬂ%l%ﬁf@ﬂﬁa—éiﬁm
2 ST Igd © Frafia foram Strar @ S ae Sreiet sl o ST @ STe ST shicd oh S8 SHoh 10 shig
HATfHe el fear ST fewiee 71 a4 o feTg = SHToet o1 92T foham ST 2

2T o foTU, IUIh shig oh! FFT Tenm O Genifera forarm STt &k Rl

45



# Sum of 2 nos. by using function

# argument with default values
def add numbers(a=7, b=28):
sum=a+b

print('Sum = ',sum)

# function call with two arguments

add_numbers(2, 3)

# function call with one argument

add_numbers(a = 2)

# function call with no arguments

add numbers()

File Edit Shell Debug Options Window Help ‘
>>>[# Sum of 2 nos. by using function [#
>>>|# argument with default values

>>>|def add_numbers( a =7, b = 8):
sum = a + b
print('Sum = ', sum)

>>>|# function call with two arguments
>>> add_numbers(2, 3)

Sum = 5
>>>l# function call with one argument
>>> add_numbers(a = 2)

Sum = 10
>>># function call with no arguments
>>> add_numbers()

Sum = 15

L

L2l
Ln: 259 Col: 0

3 32T H YHIET a 3T b o 7T shmeT: fewiee 79 7 37X 8 YoM feru mTu 2] 211su o™ foh ore T

>>>

i et o foe S o Far @:
1. add_number(2, 3): BT hict o SR ST T T fhU 7T 8| gafee, fewiee A o s
T A1 T SUFIT foham STrar 21

2. add_number(2): AT it o I shalel Ueh AT TE fohaT 11T 21 gafery, mifsreeier aeh o
HTEI 2 %1 Toh a 31 U1 TRT &, S IHIE b o Ty fewhice AT T ST foha 1T 2
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3. add_number():WW%W@%WWW%@TW%Sﬂﬁ@,aﬁ&(ﬂﬂ?{a:‘lﬁ'{
b o foTe fewiee w a1 3= foram ma 2
fir= (division) F & (denominator) &l 3faa = (proper fraction) T g o o Su=Tehdl-
IO T T STRITT Rl G Uoh 3R 3aTetl I feem hifsrg

# Program to convert denominator of division into
# proper fraction using user defined funtion
def mixedFraction(num, deno = 1):
remainder = num % deno
if remainder != 0:
quotient = int(num/deno)
print("The mixed fraction = ",quotient,'(',remainder,"/',deno,")")
else:
print("It evaluates to whole number")
# Function ends
num = int(input("Enter the numerator : "))
deno = int(input("Enter the denominator : "))
print("The number is :",num, '/',deno)
if num > deno: # Check for proper fraction
mixedFraction(num,deno) # Function call

else:

print("It is a proper fraction")
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File Edit Format Run Options Window Help ‘

ey

# proper fraction using user defined funtion il
def mixedFraction(num, deno = 1):
remainder = num % deno
LT remainder != 0:
quotient = int(num/deno)
print("The mixed fraction = ",quotient,'(',remainder,'/',deno,')")

print("It evaluates to whole number")
# Function ends

num = int(input("Enter the nummerator : "))
deno = int(input("Enter the denominator : "))
print("The number is :",num, '/',deno)|

f num > deno: # Check for proper fraction
mixedFraction(num,deno) # Function call
e W se.
print("It is a proper fraction")

STeT AT ST 2t =T 379 o 61 W T 2, a1 378 i oy 17em g 2| o

File Edit Shell Debug Options Window Help

Enter the denominator : 3
The number is : 20 / 3
The mixed fraction = 6 ( 2 / 3 )
>>>
e e e e e e e == RESTART
Enter the nummerator : 20
Enter the denominator : 2
The number is : 20 / 2
It evaluates to whole number
>>>
e e e e e e e e e e =  RESTART
Enter the nummerator : 6
Enter the denominator : 20
The number is : 6 / 20
It is a proper fraction
>>>

IYTh U H, gt fohdT TR 8X 3 B, ST AUHieT "deno” Sl UTE T3 7T R, SETA deh deno T
fewiee o= AfiRad (overwrite) B SaT 21 33T fefalad wee wid W fomm A
mixedFraction(9)| T&T, num T 25 J&T {31 ST 377 deno fewhiee W 1 3T STFWT |

Teh He deh Ueh UUe off 81 TehdT 8, 99

mixedFraction(num+5, deno+5)

U W H, HaFT sh shict i § T8t qoh ol He (o (ohaT ST & dTieh UXTHIST shl Teh I Wi YT
TR ST on| TrHiet 3t oh| | B TRT 59 b BId ol Tewhice TUHiet thae et 7 Sifaw tiet
B =, foereht o1ef & for afe forelt Srmfiet =t fewice o 8 dF Saeh o18 o1 & o= aeft fefied
& ot fewiee 7 8 =nfew) 3arewor & fog,

def mixedFraction(num,deno = 1)
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def mixedFraction(num = 2,deno = 1)

Let us consider few more function definition headers:

def calcInterest(principal = 1000, rate, time = 5):

IHIh B T & iR fewice sifom Tafiet g1 =nfe) gafoe, we haem det FmmeEr &
=fey

def calcInterest(rate, principal = 1000, time = 5):

T ST 3T T 3 A1 2 {3 Therer 2t H Uerersier et &1 Tkl atere, frefarftad haem getafe
3

def mixedFraction(num+5,deno):

def mixedFraction(num+5,deno+5):

T v ey &k w0
IUUh TTUTH H e ohl ohicT ohid THY shael H&ATcHh TohTT o doh UTH {ohT 7T &) BTeAT1oh, doh o ®
T T O qre R Y ofY SRt 8 Hehd &, ST foh i gwiiar R

def display info(first name, last name):
print('First Name:', first name)

print('Last Name:', last name)

display_info(last name = 'Kumar', first name = 'Kiran')

display_info(first name = 'Kumar', last name = 'Shanu')

File Edit Shell Debug Options Window Help

>>># Python Keyword Argument [

>>> def display_info(first_name, last_name):
print('First Name:', first_name)
print('Last Name:', last_name)

>>> display_info(last_name = 'Kumar',6 first_name "Kiran')
First Name: Kiran
Last Name: Kumar
>>> display_info(first_name = 'Kumar', last_name = 'Shanu')
First Name: Kumar
Last Name: Shanu
S5 v
Ln: 16 Col: 0
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ZI%T, WW%W@%W%QW%I W,W%‘zfﬂﬁ ﬁrst_nameWQﬁ‘Wﬁ
first name 3T JST fohaT SITAT 2 ST THE, HaH et H last name %o THTST H last_name T
Y&t TR ST 21 U8 AT H, ekt ol ferfa aree T wed

o AT SR A AT S Aot a1 [ o SIS T SUANT sk I 19 YeRid i o g o
FI I3 W o=

# Program to concatenate two strings parameters
# Function Start
def full name(first name, last name):

full name = first name + last name

print('Full Name : ',full name)

# Function End

first name = input('"Enter First Name : ')
Enter First Name : Kumar

last name = input('Enter Last Name : ')
Enter Last Name : Shanu

# Function Call

full name(first name, last name)

[t Trseye foum ma 2]

File Edit Shell Debug Options Window Help

>>># Program to concatenate two strings parameters |

>>> def full_name(first_name, last_name):
full_name = first_name + last_name
print('Full Name : ', full_name)

>>>|# Function End

>>> first_name = input('Enter First Name : ')
Enter First Name : Kumar
>>>|last_name = input('Enter Last Name : ')

Enter Last Name : Shanu
>>># Function Call
>>> full_name(first_name, last_name)
Full Name : KumarShanu
>>> | ~
Ln: 215 Col: 0

HAHTAT deht ATAT UTIUT et (Python Function with Arbitrary Arguments)
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Hvfl-anef, Torel hereT H UTH ToRT ST ATeT ok oh! HAT T8l §f 1A el of Hehd! ol Ut feerfer s
T o foTT, U B B9TT a0 (arbitrary arguments) 26T ST feRT ST HehdT 8| HFHTHT deh &8
THaRT ShicT o G STTHT-3TT HAT H T T i ol STTAT 3d 81 T8 a9k i F&fid & & forg
AT T W TEed AR (*) ST SUFNT foRaT ST Heha 81 SETe0l & o1y,

# program to find sum of multiple numbers
def find sum(*numbers):
result =0
for num in numbers:
result = result + num

print("Sum =", result)

# function call with 2 arguments
find sum(1, 2)

Sum = 3

# function call with 3 arguments
find sum(3, 4, 5)

Sum= 12

# function call with 4 arguments
find sum(6, 7, 8, 9)

Sum = 30

File Edit Shell Debug Options Window Help

S>> # program to find sum of multiple numbers
>>>|def find_sum(*numbers):
result = 0

for num in numbers:
result = result + num
print("Sum = ", result)

>>># function call with 2 arguments
>>> find_sum(1, 2)

'Sum = 3
>>>€# function call with 3 arguments
>>>find_sum(3, 4, 5)

‘Sum = 12
>>># function call with 4 arguments
>>>find_sum(6, 7, 8, 9)

'Sum = 30 =

b2
Ln: 36 Col: 21
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WWﬁ,Wﬁnd_sum()WﬂTﬁ@ﬁWW%l WW@W@ STAT-3TT ohl
o T hicd HAT U 2| TeHITErsh W ITH 3 o &1, numbers T T (array) T a8 STTER Hd
&, 3AfTT &1 Y AT e Tg e o oI for T 3T TN o & Harm 2

T HEATH qh

UH HIHAT § STET 31T 3 deh1 31 G Teh TEAT el STHd & 5 31T forell Hare § UTe AT =ITed &,
W*args%wmwwwwm%z

3qTeL0T 2.2

File Edit Format WView Help

# Example 2.2

# Define "plus()' function to accept
# a variable number of arguments

def plus(*args):
total = O
for 1 in args:
total += i
return total

# Calculate thhe suam

t = plu=s(20, 30, 40, S0)
prj'_ﬂt[t]l

File Edit Shell Debug Options Window Help ‘

-
o
>|
Ln: 7 Col: 0

140

>>>

I Teh JUTTeAT ST SUANT LT 8, T8 et § deh I o o fT "ehiet 1 SiTesiae {hiE" a7
"SHTCT ST STHTETHE" o &9 H STHT ST 8l Afe AT et harer H quriep, R 3T gued S e a1e
FA 8, T AT hTCT-ST -2 o GH & FA1eh 1T T ohi OT8 ohl SIT T&T STARE-1 (immutable)
a@ﬁ%mﬁﬁﬁﬂﬁ%%%le T T TR B STeIfeh Iiad-sie (mutable)

SRE3AT I UTE AT ShicT ST {hLH HIAT ST Hhell & 1ok STel IAoh HIT Here™ oh SIS sfaed SId &, d
I B o sl ot aiterfera g e for Saretor 2.3 H gwiiar o 2|

I2TETT 2.3 % foAu hre 3 foamor fear mar
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File Edit Format WView Help

# Example 2.3
# Python code to demonstrate call by value

string = "PSSCIVE"
def test(string):
string = "NCERT"
print("Inside Function:", string)

test(string)
print("Outside Function:", string)

File Edit Shell Debug Options Window Help

'Inside Function: NCERT =
OQutside Function: PSSCIVE ]
>>> | =
Ln: 10 Col: 0

TR 2.4 % TeTu hre 3 faaor e mar

File Edit Format WView Help

# Example 2.4
# Pyvthon code to demonstrate call by reference

def add more(mylist arg):
mylist_ arg.append|50)
print("Inside Functiomn:

", mylist_arg)
print()

mylist = [10, 20, 30, 40]

add_ more(mylist)

print("Outside Function: ", rnbf]_ist]

File Edit Shell Debug Options Window Help

‘Inside Function: [10, 20, 30, 40, 50]
‘Outside Function: [10, 20, 30, 40, 50]
>>>‘ g
Ln: 16 Col: 0
2.3.3 WIF ATqH T ATA T
Teh e ahicd foht ST O | aht g +ft STT EehdT & S T8 il return T2HE B & A S99
BT 21 37e ok faU T 3T ), HefT TUMET ShidT 2 ST aform Yefsia st 21 3 his A Tl S
| U AR I I (void) WarT el ST &l Tifoh U Reerf 3= 21 &ehl! &, STat o8 Wae™ |
3G hicT i Tt oS shl | WSl shl SATETIhdl Bid] 21 T return SEHE ShT SUTNT ek fohaT

ST 2] return ©Ihe fH=foriRad &t et &

o fAUT (control) 3T ShicT L Tl HaT ! ITIH T 3T 2l
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® T (value) I None ST B

# Program to compute exponent using user defined function.

def calcpow(number, power): # function definition
result = 1
for i in range(1, power + 1):
result = result * number
return result

print()

base = int(input("Enter the value for the Base: "))
expo = int(input("Enter the value for the Exponent: "))
answer = calcpow(base, expo) # function call

print(base, "raised to the power", expo, "is ", answer)

File Edit Shell Debug Options Window Help

Enter the value for the Base: 5 =
Enter the value for the Exponent: 4

5 raised to the power 4 is 625
>>>

K

Ln: 22 Col: 0
return $HE I AT Uk H e W (values) o Hhdl &, FSe STeafert am shi (,) SRT 37T forar
STTT 21 hTHT 3T SYANT L I ATEqe H Teh &1 24U (tuple) TAIRIT ST €1 Uoh § HAfereh 7T S
o ToTq et = foree st ST foarm ST HerdT 21 ST | 37T fohT T 38 71 SleHT, T dleH

% 99T & 2T 2l
379 B9 UY SETeXT SWT, STl his Haw Ush o ek 0 ierdm 2
IETELT 2.5 o foIu g o feremor fear man ?

File Edit Format WView Help
# Example 2.5

def test(=x, ¥):
retuarn x * 2, w* 3

a. b = test(5, 10)
print|al)
print(b)

File Edit Shell Debug Options Window Help

10
30
>>> || o
Ln: 27 Col: 0
ST 2.6 o foTu hre 3 foremor feam mam 2
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File Edit Format WView Help
# Example 2.6

def test(x, v):
refturn x + v, X - ¥V, X ¥ W

print()

([sum_wval, sub, mult) = test(10, 4)
print(sum_wval)

print(sub)

pr‘1'_nt[mu]_t:l|

File Edit Shell Debug Options Window Help

‘14 e
6
| 40
>>> &
Bl
Ln: 33 Col: 0

HTSY, T UET TIUTH i & 6 ST shT SUANT ek 29 (tuple) 3 HTEHH ¥ TR (rectangle)
T &TheT (area) A afmg (perimeter) — T HH — SIeTT ST &

# Program to calculate area and perimeter

# of rectangle using user defined function

def calcAreaPeri(length, breadth):
area = length * breadth
perimeter = 2 * (length + breadth)
return (area, perimeter)

1 = float(input("Enter length of the rectangle: "))
b = float(input("Enter breadth of the rectangle: "))

# value of tuples assigned in order they are returned
area, perimeter = calcAreaPeri(l, b)

print("Area is:", area, "\nPerimeter is:", perimeter)

File Edit Shell Debug Options Window Help

Enter length of the rectangle: 12
Enter breadth of the rectangle: 8
|Area is: 96.0

Perimeter is: 40.0

>>> J
2]

Ln: 40 Col: 0

S qh g9 HiET & foh Tt S o YTnfiet (parameter) 81 +ft Tehd 8 S 7€ off, T9T Ig e
T (value) TeTC i TohaT & 7R T oft) arerer & s1oft sTrarvereharstt o S1ER gn frefafad aient
T @ forelt off 9 4 e ST Tohd @

o o1 e (3TTHE) AR forT e A () STt hareH
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o foT ATHE SR e A ATt B
o IINIHE % WY SR fordT e A STt b

o IINIHE % WY SN e A ATl here

2.3.4 fAoarea =1 yare (Flow of Execution)

frsaTe <61 TaiTe 30 ohw = geriar & forad o o wectica fmarfed 2 &) arerer et foreht o
o et 1 veet TeeHe | FeaTfad ST I T 8] TeHIH i Th-Ush hieh, 3L § Aol o 50 |
e fomam ST R

ST TR ToRwf} therT Sl 9TTHT (function definition) ST S&IAT &, AT 36 e o 37a o ToHeH
T doh fvafed € BId ST aoh Toh a1 bl shict Te1 TR STTdT| STe H ST $2T0eX Rt HeT ahict
T GT &, 1 FHsa16H o JaTe ¥ et uftard= 2rar 21 36 fufa H, $7Tel ©etie W S & sy T
(control) ShTeT oAU TTT therT T ST SITAT & 3T 3 Hare o THIH hl fsarfad s 2|

30 S1E 0T ATIE IHY T W A ATAT & ST © B ahl ehicd [ohaT 74T 9T, qTish TIUT & 3
vy feaTfad 81 k| SHfeTT, STe & foRe ST i Ued ©, A1 86 hadl UL § =1l T8 UeT =Ty,
Sifceh 2T 3T e o SATE i T aTer AT =i AE o e W weei @ o o s
T G ol it i H Taet SH g foham ST 21magere 2

STTST, Teh ST o HTEAH o ST H GeT ok SUHRT 3 T1eF fISaTe % JaTe sht uerd &
ITEAT 2.7 % forw shre e e R

File Edit Format  WView Help
# Example 2.7

print("Heallo™)

def test():
print|"Inside functicr™)

print|"Before function call”)
test()
print|"After functicrn ::'_a_Ll"]l

File Edit Shell Debug Options Window Help ‘

Hello =
Before function call
Inside function
After function call
>>> L]
>l
Ln: 46 Col: 0\

IULIh ehie ol feaTfed st ot ffetiiad Ffe Sea= B &:
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# Program to understand the

# flow of execution using functions.

HelloPython() # Function Call
def helloPython|(): # Function definition
print("I love Programming")

“function not defined’ g%wmﬁ%,mﬁww&uﬁa%mwzﬁm%l STt ferelt e

FicT ohT TTHAT BIAT 2, A1 =0T 7 therer <l afteTsT ox STkt 38 Frsamfe o 2t =1 Sk T
H, Fifoh T ShicT B sh TICHTNT © Uaed forar T 2, SHIGTY SeT8et shl o ohi gieaTsT e
firerelt 3T aformreasy e Ica= 81 STt &

File Edit Shell Debug Options Window Help ‘

Traceback (most recent call last):
File "/usr/lib/python3.10/idlelib/run.py",
line 578, in runcode
exec(code, self.locals)
File "/home/dds/pythonprg/pl12.12", 1line 4,
in <module>
HelloPython() #Function Call
NameError: name 'HelloPython' is not defined J

>>>
>
Ln: 24 Col: 0

ST, et RIS %ol shicd © Ut shl STHT =iey ST foh i femman mam 2

def helloPython(): #Function definition

print("I love Programming")

helloPython()  #Function Call

[2] def Greetings (Name) : #Function Header
[3] print ("Hello "+Name)

[1] Greetings ("John") #Function Call
[4] print ("Thanks")

o 2.5 TeeHeE o Tsame =i /A
ot 2.5 STRE I o ToTT fsares & aTg sht S SRt 2| iR Shigeht (square brackets)
T HEAT THTH o feuTaH 1 sRe e 2
2.4 TR qET

forelt ther o 3iet ity fera T = (Sftuster) SHeh STet THE (access) & foRaT ST Heha|
ST = T U5 (accessibility) T8 &9 & FUifd Bl 81 STH 1 98 AT S8l hig S Nuse 3ucied
(accessible) BT &, 3| =X 3T ST AT ThIT (scope) FHEATT 2
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forelT Sfuaet o1 7 ¥ & To Sh1T 81 HehdT o: ST ol ustet gL ST H el Wi T o ST aehat
8, 3 3tk = (reltereT aftusTet) Fhed 81 3T St aftuset foret bermT a1 seiteh & +fiqT g Hiftrg ar

2, SU TR = (SATehed ANTE) e B
Variable
Scope
I | I
Global Local
Scope Scope

o 2.6: IFHT IR

3f2reR TR (Global Variable) — UTIeH H, Ueh = ST foRe} oft thererey a7 foheft oft sciten o smed aieniya
foram T B, Sftres = o B9 T STHT ST 81 36 ST Gt foReT off S O ued foRam ST wehdn
21 aftres = o foram T i oft uitads Tium o gt o i I T el 39 =X i Ty
fopaT ST HehetT 2

TATHT =R (Local Variable) — Teh =T ST TRl e 3T Tt sciten o et qftaiye fom T 2,
T =X o & | ST ST 21 59 shded 36 o AT scdfeh H T fohaT ST EehdT & STRT I8 TieTivd
2| T et qe % HIS[E TedT & SIe qoh ek forfed g 2|

# Program to access any variable outside the function

num = 5
def myFuncl():
y=num + 5
print("Accessing num -> (global) in myFuncl, value =", num)

print("Accessing y -> (local variable of myFuncl) accessible, value =", y)

myFuncl|)
print("Accessing num outside myFuncl ", num)

print("Accessing y outside myFuncl ", y)

File Edit Shell Debug Options Window Help

'Accessing num -> (global) in myFuncl, value = 5 &l
Accessing y-> (local variable of myFuncl) accessible, value= 10
Accessing num outside myFuncl 5
Traceback (most recent call last):
File "/usr/lib/python3.10/idlelib/run.py", 1line 578, in runcode
exec(code, self.locals)
File "/home/dds/pythonprg/p12.13", line 10, in <module>
print("Accessing y outside myFuncl ",y)
NameError: name 'y' is not defined
>>> vl
Ln: 21 Col: 0
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Sfiren =T H RIS off ExirerT STt BT @ S ST Geft el Bt STferd ST & STeT gHeRt SuT feh
Srar 21 afe Sftres = 3 g9 A1 Tet T = fordt e o it aitdiiva fern e , Y 38 sy
e o foTT TR /T STt & 37 7 Afes =1 6t 9T ot &) Afe forelt fss == < wmifera 7
T SUANT ST o SITeL ShTAT &, A1 Her 8 = & 19 8 Y8 hias global AT SIHT =R

# Program to access and modify a variable outside the function

num =5
def myfuncl():
global num
print("Accessing num = ", num)
num = 10
print("num reassigned =", num)

# function ends here
myfuncl|)

print("Accessing num outside myfuncl”, num)

File Edit Shell Debug Options Window Help ‘

iy

'Accessing num = 5

num reassigned = 10

'Accessing num outside myfuncl 10 J
>>> | >

Ln: 12 Col: 0
YR T Wﬁ, 34 =X num T TR fRAT TR © AT FHiaS globalﬁﬂ'{aﬁﬂqﬁ
TES TR STEITAT shl gt fohall 7T 2
YT H 3T (Anonymous) WereT
ST HeT hl ITIYH H el (lambda) HaRT ot T ST ©, T S AT def SIS o A1
YT T o ST, BH lambda e o1 3TN Hd 2

IR 2.8 o ToAU Rl 31T foemor feam R B

File Edit Feormat View Help
# Example 2.8

double = lambda x: x * 2
v = double(3)
priﬂt[}’”
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10 =
|
>>> | vl
Ln: 12 Col: 0
THFITT THTIT H UTH ¥e2HE
e JRCHTTS @t T 81 Hehet €, ok 3R forel) sheor & 3119es qre o forelt areaft o e
Wé,ﬁaﬁﬁﬁ%%mpass@'ﬁ?@ﬁl
def myfunction():
pass
JIATSAUE 2.2

1. @@mesﬁwwwm@ww (positive integer) & 37T
JHHT 3HTS TIM (one’s place) FT 37 A

2. Teh UHT MU fARIT ST e ohT ST hieh &1 §TU n o 3T 36 HEAT ol 11T fSTereht
IS T HT 37k ~Id9 (minimum) Hil

2.5 HT9eh Y&ehTeid (Standard Library)

URIYH H U g foqd Ao Tlgsill Bl 21 I8 3 folee-37 HhaRI=d 1 Ush ©IE §, IS T o
AT STTAR T Wl it o ST HehrdT 21 S8 T 1 §HE ST=rdl 2, Fifeh S-S 3T
B ATl BT h1 B S S shl STegFehdl et 2|

IS G W TA3sil 1 et &1 @kl @ afe a8 foree-37 v g1 A fordll Higger # wiS[g &,
HAAT T T ISR-TSHIES M (STANTHAT-TILAITNG Hare) B ehdT @, ST foh = 2.5  femman

T R
Built-in
Standard Function
Library
Modtule
User defined
Library

o= 2.5; B % IR

2.5.1 f&ree-3 Wt (Built-in functions)

foree-31 e e ° IR fohT U G @ fSreRT SuRmT WA § 7o foRT SraT 21 31y
FreferRaa arrem oy s fdeTor i

#Program to calculate square of a number
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a = int(input("Enter a number: ")

b=a*a

print(" The square of ", a, "is", b)
ORI ST 7 input(), int() 3T print() foee-37 G 8| 37 foree-37 bawrar & ot fearfea g9
Tt TETT (instructions) T&et & & YT X § URTivg 2id 2

3ATSY, 37 Ueh UH Ui T W foram st e forfirT foree -3 s o foIu e shier e
2

# Program to display
# the input using built in function

name = input("Enter your name: ")

print("Hello " + name)

File Edit Shell Debug Options Window Help l

Enter your name: PSSCIVE |*

Hello PSSCIVE
>>>

|
>
Ln: 16 Col: 0

SHIE U H input() 3T print() feee-37 hat=a & T2 print() %M “Enter your name” Rt
HTHE (deh) o ®9 H THR HLAT 2| T8 B Th A (value) Al AT 81 <Afh SR T8 § T8
FETEHE (=) ST & T 2, ggent 3¢l @ foF ha U 7 dterar 8, 8 name =1 (Sfwsen)
Tofed foham ST R1 38T input() T Ush W TR ohdT & 3T Ueh AT oiterdr +f 2
YR T | Ueh 1 felee-37 B print() ST ST “Hello” &1 36T &9 ¥ &1 09 & €9 &
Tef3fd s o forg foram i 21
3T TR, YT | 31 foloe-39 BaRTg Bid 8| foiee-37 hamTH & 37 3TN o o1l 36 ™ &
37d o aff3T® 1 (Appendix 1) (ATfeTehT 2.2) G|
IEEHS 2.3
1. Teh WET TiuTH forfRan it foret Swam vt ue 31 o5t 38 qrem o foree-3+ harerar st 393
e I TR AT FHTaee IR SHATS Fmet gqed | aiafdd
2.@@TWWGﬁ@Wﬁ$H@T(reaI number)S?g?W% 3R 39 foee
Wwwmﬁmﬁwmearest integer)ﬁq&aﬁHW%la@ﬁT@ﬁ@Tﬁ
TR W18 3 T a9 YOTTTeRd (TS 31TR) ek +ft wafifa shear 2
2.5.2 HIgTA
foree-37 e o STRTE, U T W Args | S Hiede ot Ifie g 81 et e fde
(instructions) 3T TS THE BIAT 2, T HISI HerRT-H T Teh HYE BIT 81 ST foh &1 ST &, STel 18
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ST SIST BT €, AT SIS ! T o IR TEN (repetition) ¥ S= o 7T HaRTH &1 ITANT
foram e 21 foreft sifeer v 3 forw X e 1 Uk & iee | e T wve T gran v
ST i T 9T 3 ForwTira foa STt 8, Siee 3TmT- 31T Sl W Higde el ST ol

THeh AT, AT gH Torelt ST o 5w theaer=q SIC & 37N 8 3w fordll 1= ST | q: 30T
(reuse)Waﬁﬁ%ﬁﬁﬂwwaﬁ@ﬁ@@ﬁmm%ﬁmﬁmyzW‘TEEI
TRl 2| Toh HISHE U TTI (.py) BISE o 9 H ST ST &, Forem & tharer= T aieamomd et
2l

forelt HTgeT T START ST o oTC &4 38 $FUIE (import) AT STTATT AT BIT 2l Toh SN HISHA IS
1 ST o SI1E, T 36 HISH o AT HaRT- o1 ETe ST L Hohd &l SFIIS TEHE T I 36 Tohi
&

import modulenamel [, modulename?2, ...]

78 TH HIgA o |l e qeh U5 (access) YT AT 8l fordll TSI o e i idd FH &
foTQ, whareT o AT & veel Higget &1 A1 SF2 () % AT foTe gt 2| 3eent feaw = Zwiian T 2

modulename.functionname()

feree-g7 wigger

T ATgsil | g foree-59 ATy & Sl ST o foTu Sreda § Glorersie 8| 315T 8 AHId:
SUANT foRU ST ATet HigTet TR 37 Higqel W IucTet] AR STANT o, ST STet ST 2T 9T @y
— math, random, statisticsl|

math ATSIE — S8 [T YehR o T SR BId &) 9 A1 oh STRIehiNT e Ueh FeAle /I
(3 TiteTd 2| foret Higet o1 ST o o foTe, 38 o & el oft Shael Uk R STRITa (3F910)
foparT ST =g gferg feafcTRad €eeHe T STarT ek math HTSIS ol T il

import math

3T, ged() BT T Uk IETEL0T AAd 8, TSTEehT JUANT &1 AT hT HExH HTIede (Greatest
Common Divisor) JTd & o o7 feram St 2

>>> import math

>>> math.gcd(10,6)

2

% ged(x,y) H, aﬁ:ﬁsquﬁnﬁla x 3 y Wtﬂfﬁ%‘_%l math nﬁ@g@ﬁ@rmma ELRIREaY
ST STCt % el 390 STEAT o 3l H URiRTE | (qrfersht 12.2) § fag T &)
randomﬂ@ﬁ—%ﬂ@ﬁﬁ@W@ﬁ%ﬁwwmﬁ@ﬁWﬁ%m
foparT STt 21 39 Higge 1 ST i % foTU, 30 36 (Hwfoiad TeHe T ST sk STRITT
Thd &
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import random

33T random() HaT oTd & fSFAehT SURIRT 0.0 & 1.0 Y €T o {ey foreT (argfese areafesh) we
(FATE) I~ L oh foTT feharm ST 21

>>> import random

>>> random.random()

0.011035221592589295

random HISIS H WHIRIA: IWANT fhU S ATt F& o 590 AT o 3id H GRRME 1 (et
12.3) 4 feumu &)

statistics TSI — I8 WIS HATH (T 9h-T) 2T o SAThS! o TUMT o 7T Hare J&
FAT 21 30 FfaRad Teetie o STFT ies T O Siiet fohaT ST HehdT 2

3TTT mean () B oId & TSRt STFNT €7 718 Seamel & THiaL W1e (arithmetic mean) 3T TTUMT
T o fore fomam ST 21

>>> import statistics

>>> statistics.mean([1,2,3,4,5])

3

statistics ﬂ’l@\'ﬂgﬁﬂ'lﬂmﬁ: Wﬁmaﬁmﬁwww T o 3Ad | GRfTE 1 (qrferer
12.4) T fRw U g

from TTHE (from Statement)

foreft Higaet sh1 STRITA hteh |l ST ol HART § TS i o oI5, forelt TeeHE ol ST hadt
T erTT b Tg =i o (eTU, foham ST Hehell 21 e forelt Higet # Wl therereii oh ST shered (Hfdy
U (HeFRTT) SRl TS ShidT &l EhT e 2

>>> from module name import function name [, function name,...]

"from FETHS" FhT ITANT Hleh STRATA (FFIC) Tl T R ohT SHATT il o oA oH 6 Taet Higgdl
T AT T T STTETIHAT Tal BT 2| ok &7 EYel e ohl shicT L Tehd & ST foh FEferfaa
SeTET0T H feEm T R

IETETT 2.9 o oI At 3 foawor fear mem @

&> IDLE Shell 3.10.4 — O X
File Edit Shell Debug Options Window Help

>>> from random import random

>>> random()

0.729111010781677 v
Ln:6 Col:0

ITETT 2.10 o T7T e 3R foremor fear e 2
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%> IDLE Shell 3.10.4 — O X

File Edit Shell Debug Options Window Help

>>>| from math import ceil, sqrt

>>> value = ceil(624.7)

>>> sqrt(value)

25.0

>>>l| v

Ln: 12 Col 0

38Ul 2.10 ﬁ, 624.7 kT ceilqﬁéﬁw "value" H SUET foham mam @ B-ﬁ'(maf(@ﬂ "value" I
sqrt HerRT ST FoRaT TTIT 2| STXIh SaTeRVT 3hi 3 ehIX T & foTwarm ST |t 2:

>>> sqrt (ceil (624.7))
sqrt() AT T HEITE, ceil() HaRM o T3S W HHT T 2
624.7 1 qUTIsh (integer) HTT STH 3 o Y, math HEIS % trunc() BT T 3TINT i

#ceil and sqrt already been imported above
>>> from math import trunc

>>> sqrt ( trunc (625.7))

The above code will give the result as 25.0.
T ST T2 o T 3T TR SA1SEYE STH i o foTe Ueh-ge o fearee ot vt 2
2, 38 HSIE (composition) FHET AT, aﬁw@aﬁm%-@ 31T IeTE0T feu e 2:

a = int (input ("First number: "))

print ("Square root of ", a, " =", math.sqrt(a))

print(floor(a+(b/c)))

math.sin (float(h)/float(c))

W-%mn@yaﬁg@ém (Importing User Defined Module)

T Sl HIHe TSI H IUCTet] HIGIH o TN, §H 3 T o Hael-4 ¥ Ih 701 Aiggel |
T Tehd 8| 38k foTT TIhT el Ueh UHT HTgeT ST Bit & fSrew 9 (legitimate) TS IS g,
31T 36 TS T . py THFILI o TTe TH ST BIaT 2| foreft Higeet ot Suai s % foTe 5 38 import
TTHE T ITANT ek FFAIC AT BT ol T S HIgIS SHAIS Bl ST o o1S, B 39 HIgdol o |+l
AT 3T ETe IR oL Hehdl &l ST, AT HIGd & foh HIGIS h¥l SHTAT SITAT 8 31 36k a4 T
TN R o ToTu 38 8 3P fora ST 2

# Create a user defined module "basic_math"

# This module contains basic arithmetic operations.
# Beginning of module

def addnum(x, y):

return (X +y)
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def subnum(x, y):

return (x - y)

def multnum(x, y):

return (x *y)

def divhum(x, y):

ify == 0:
print("Division by Zero Error")
else:
return (x / y) # End of module

E: 39 HIGTA bl 15 A p2_9.py § 6ol b, 7 T p2.9 @, ST foh 360 Taieh H Wiged AHaH0T §
fermarm T 21 FifR € () BT arer H foriy weea 2T R, 3ufere s U Higd % A H SR a6
feraT T ek, forer forelt 3= arerer oy & Hefsfa (refer) ST &1

ST IS ! Teh AT B3 H p2 9.py TH T Tl | 3T i {1 791 g Uk 78 Bige ¥ o
TH p2_10.py o 9 H {4l L IR L STTSCYE JTH LA o 78 36 T

# Statements for using module p2_9

import p2_9
print()

# Call addnum() function of module p2_9
a = p2_9.addnum(2, 5)
print(a)

# Call subnum() function of module p2_9
b = p2_9.subnum(2, 5)
print(b)

# Call multnum() function of module p2_9
¢ = p2_9.multnum(2, 5)
print(c)

# Call divhum() function of module p2_9
d = p2_9.divhum(2, 5)
print(d)

File Edit Shell Debug Options Window Help |
7 l
-3
10

0.4
>>>|

[

£l

Ln: 12 Col: 0
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FETETHE 2.4

Tk ‘length conversion.py’ H™H <hT W gy, o fafi=r =g (length) &I
(conversion) EANLESE mile to km(), km to mile(), feet to_inches() 3R inches_to_feet()
HATE TR AT Bl ST HIgde o STANT i o foTg wah S ot fofiag)

QT

IE T AT (functions) T A= T &, S IH: START 9T ST Hehl AT (reusable) IS & sciieh
1 & 3T farfTe st ot o o fore sueT fop s €1 g0 w7 feremeff <

o HeRITE o1 el TN (define) 3T e (call) forar ST R

o Tt (parameters) I T aﬂ(return values) <hT 37|

« FIS HI HGIeR (modular), T (readable) 3R T7: IWANT AT (reusable) T H HaTH
Hecd|

QA (repetition) 1 T T T HeRTH HEE hid & ST TIUTH 3 ST I (organized) T
FA (efficient) ST 2

T WATTT AT
A, Tgforehedta 9
1. foreft forsT el ot QT S STl FHGRTT ok AT | ot T shaT ST &2 () R (string)
() Eh?ij (control) (/) ZIUA (tuple) (]) G (Function)
2. T oA o foTT sniH-9T IS SUFIT fohaT SITaT 82 (37) fun () define (F) def () function
3. WaRTE o a1 HEd YR hiH-H 82 (3) FEH HaH (Custom function) () feiee-37 b
3R q‘.\.\‘»l{-i%‘-hlés %YM (Built-in function & User defined function) (¥) WW
(User function) (<) foreem e (System function)

4. U H id() B T STAN FAT R? (37) id Aedae T T (identity) ST & () B
JATesIeRe o U T id T BraT () SUh Tt (T ) SUUE 0 © I3 el

5. TTTOTCRT WheReT hT GRTHAT 82 (37) sqrt () thombus (§) add () minus

6. YR TH-2TgH 9L A (anonymous) Waqﬁaﬁgr%rmém%, 58 ed 2 (31) lambda
() pi (¥) anonymous (3) 3TH & I el

7. THfAfad TrIe e 1 H1SYE BN (37) 12 () 14 (|) 27 (2) 64
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y=4
z=lambda x: x *y
print(z(3))
8. Fmfefad uraem i =t 3413?:32%%”? (31) 27, 81,343 () 6,9, 12 (¥) 9, 27, 81 (3) 64,
27,343
L =[lambda x: x ** 2, lambda x: x ** 3, lambda x: x ** 4]
for fin L:
print(f(3))
9. fmfefaa & & F19-4T statistics module T BT T& 8?2 (37) fabs() () mean() (H)
median() (§) mode()
10. Terell ST SURITTehal G ST 7T SherqT @ SITH | G: ST fohU ST @ehd 21 TH
AR T Tohteh STl HRIA foham STTaT @2 (37) & (string) () S (control) (8) I
(tuple) (]) Iﬁg\a@ (module)

. e T W

1. ToreT STt T ol SFTT-3THT Tadal IS scited AT fafsre Tt 37 faf3re st et 3u-
rETst | fornfra s ot afsha SITTHT el ST 2l

2. WU hT SATERAHATHI o STTHT Fohell 31l b O T o6 [T TRTIG hefeTt bl
EENEETIS SIS

3. € W I &, TST8 o shict o 10 Herr ohl ot ST & 31 T8t gt
T uftenfi geiferd et g s 2|

4. T HEM U M (values) ITIE AT 2

5. 3T folee-3 haw 1 a8 €UE, e SATeaedT ST{ET ST & shict faT ST 6T 2,

FHEATT 2

6. TSI Toh TR WHISEl o &9 H ST STaT &, el wrader BIdT 7, 3T forem
e TRCTSTRAY 6T T el 2

7. Toret AT T STANT A o oA g4 TITHT T IYFTT ek 38 FFATE (import)
AT &I 2

8. Tordl WIS o e sl et LA o (A, e o ATH § T&c! Higgel I A1
(separator) % BT for@T STt 2

9. ¥eW (random) HEATE I~ A o foTT SUANT foht I aTet ST LSS
i €l
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10. ToreT HTget 1 $FAIE tch U Tl BT ol HART H IS i 6 SIS, shalol S
AT ol T i o 11T TETHE T STANT fofaT ST HehaT 2

. T IqT AT a1

1. e o1 ST A el (modularity) ST I ST (reusability) STH 3 o e AT
% ®q 1 fora STTaT )

eI 2T ST TR I1 Aefiehier (;) T HHTE BT 2

sl (lambda) S | return TEHE BIdT 2

BIPEER RG] (lambda) Ush 311TH (anonymous) G 2

SIS T T T T T 2

T SR AT $HIIE il o SI18, BH 6ok AT arT=o T ETe ST L Hohd! €

“from EZH” T ITATT ok THAIS [T TTT e I STATT LA o [T, I8k Tt Higde
1 A1 for@q sht SArergarendr 7 gidi|

T 3h1 AT TSR H IUCToY HISTH o STATHT STUAT o T e ST 6w e 2l

NS ke wN

©

randrange()i@? (random) Iﬁg\a@ T Uh B 2l
10. fmod () statistics HISI T Teh B 2

T, O ST O
1. Fr=ferfiga e 9 afe 18 gl a1 3= yg=mHl

(37) def create (text, freq):

6

for 1 in range (1, freq):

print text

create (5) #function call
(¥T) from math import sqrt,ceil

def calc ():

print cos (0)

calc () #function call
(¥) mynum = 9 def add9():

mynum = mynum + 9

print mynum

add9() #function call
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(?) def findValue(val) = 1.1, val2, val3):
final = (val2 + val3)/ vall
print(final)
findvalue () #function call

(%) def greet ():
return ("Good morning")

greet () = message #function call
2. o T ST ffe St I5R-fEwTEe w1 SUERT ek ST o o RIS wen 7 | fovrsa @
7 T, STET GEAT B bl U & &9 § &) 1)
3. Uk UHT T Tt R STt IsR-FEwTse there ot ST b, ST A1 3R fdTm (M 92w o foTg, F
HieeT o foTw) Teflen shtaT ® SFIT fofiT & ST WX Mr./Ms. STieaRt 18 T f3id T 2
4. To UHT T TARET STt 3T I5R-TSHIES HarT-4 ol START ek ATIHH i i § HRAIEE
3R BIAETSE & dfewad ¥ uftafdd
5.@WWWW@-%W@WWWW%&WW@M&%C
equation) & ‘\'JI'UI'IEF (coefficients) TR fehT STU 3R 3HehT ARfuTeh (determinant) JTd [ERIESIY
W%%’Eﬂﬁ'w a, b, cﬁw%ﬁ%,ahwﬁmbk%csﬁwaﬁﬁs%w,mgm
SRUTTCH B ohl TeeIfel o STTHR SUh TR FafRid i
6. ABC Thed A 370 F1{Yieh foore THIIE H &Thl ST oh folq @il Safirwirarehi =Bl 1 § 600 T oh
AT et HATSET T 8| TorsiT ohT ToRIY TEEhTt e 59 sl ol TrTiord ot o ToTq arerer |
Teh T fIRaq) (Hehd: random A T STANT )
7. T UET S AR STt Ie-FEwhIES HarT i START ek JoTe (Principal Amount), &
(Rate), T9% (Time) 3R SATS o HASH sl G&IT (Number of Times Interest is Compounded) =
TR Y WW’%W (Compound Interest) T TTOT Lok TefRid il (‘Ei%: Cl=P( +
R/N)A(NT))
8. weh wHT S forRay fore I-fewrse b at Heans il sl Hiet & &9 | T&liehr Y afe
Tt ST ZHl U BIET B, dl AT el hl SfeeT-sEe! (swap) Floh AT ST =7 et
A H SIS S|
9. @@TW%’F@"IWW Wﬁ?ﬁ S o (square), 3T (rectangle), ﬁ‘fﬁf
(triangle), I (circle) R de (cylinder) % &R, ‘ZI'&H'I‘Z{ZIT‘CCI'@?T A% (surface area) 3l
T 3k FTC T5R-FEHTEE T il A e STTaRae Wi ohl ST o &Y H TAIHR i 3R
U ST TIROTTH SHIETY) HTGT 2l SIS hich ITITh HereT=o 3 ITATT i
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10. Uk TET T fofae s foreht oft o e 319 (GK) 951 st i (feraret) smim) wsit ot dem
(random) ¥9 & WERIA fohaT SITQ) ferarst T ThIT TUHT A 74 score() THF TSR-[SHIES HaRM

ar—nﬁam remark(score value) dTHeh Ush WWW@[ Afqq =R & WWWW
(remarks) Jef3td i

Marks (37%) | Remarks (fevaofh)

S 3cpE

4 TR T

3 31T

2 3Ty TR i o fofT 3T U

1 BT i ST SATITIRAT §

0 T T SHSIT SThT Teg | 30 Tefiar & |

ufifsTe 1 (Appendix 1)
AT 2.1 : math WIS H HHIRIA: SYANT fhT ST aTet e
Function Arguments Returns Example Output
Syntax
math.ceil(x) X may be an integer or | ceiling value of | >>> math.ceil(-9.7)
floating-point number X -9

>>> math.ceil (9.7)
10

>>> math.ceil(9) 9

math.floor(x) X may be an integer or | floor value of x | >>> math.floor(-4.5)

floating-point number -5

>>> math.floor(4.5)

4
>>> math.floor(4)
4
math.fabs(x) X may be an integer or | absolute value | >>> math.fabs(6.7) 6.7
floating-point number of x >>> math.fabs(-6.7) 6.7

>>> math.fabs(-4) 4.0
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math.factorial(x

X 1s a positive integer

factorial of x

>>> math.factorial(5)

floating-point number

the power y)

) 120
math.fmod(x,y) | x and y may be an integer or | x % y with sign | >>> math.fmod(4,4.9)
floating-point number of x 4.0
>>> math.fmod(4.9,4.9)
0.0
>>> math.fmod(-4.9,2.5)
-2.4
>>> math.fmod(4.9,-4.9)
0.0
math.ged(x,y) | X, y are positive integers ged  (greatest | >>>math.gcd(10,2) 2
common
divisor) of x
and y
math.pow(x,y) | X, y may be an integer or | X’ (x raised to | >>> math.pow(3,2)

9.0
>>> math.pow(4,2.5)
32.0

>>> math.pow(6.5,2)
42.25

>>>  math.pow(5.5,3.2)
233.97

math.sqrt(x)

X may be a positive integer or

floating-point number

square root of x

>>> math.sqrt(144) 12.0
>>> math.sqrt(.64)

0.8
math.sin(x) X may be an integer or |sine of X in |>>> math.sin(0)
floating-point number in | radians 0
radians >>> math.sin(6)
-0.279
QATTERT 2.2 : random HTSIS H AHIRIA: YA [T ST ATt HareT
Function Argument Return Example Output
Syntax
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random. No argument (void) Random Real | >>> random. random()
random() Number (float) in | (65333522
the range
0.0to 1.0
random. x and y are positive | Random integer | >>>
randrange(x,y) | integers signifying the | between x and y random.randrange(2,7) 2

start and stop value

random. y 1s a positive integer | Random integer | >>> random.randrange(5)

randrage(y) signifying the stop value | between 0 and y 4

qATReThT 2.3 : statistics HIGTS H 3UASY F HaaeH

Function Syntax | Argument Return Example Output
statistics.mean(x) | x is a numeric | arithmetic >>> statistics.
sequence mean mean([11,24,32,45,51]) 32.6
statistics.median( | X 1S a numeric | median >>>gtatistics.
X) sequence (middle value) | median([11,24,32,45,51]) 32
of x
statistics.mode(X) | x is a sequence mode (the most | >>> statistics.
repeated value) | mode([11,24,11,45,11]) 11
>>> statistics.
mode(("red","blue","red")) 'red'

AT 2. 3 foaqe

(Data Science)

IS TA Hfera g (Module Overview)

227 fa9 (Data Science) =T 319 ST T SWANT ek T ITH AT SR Sk i =1 21 78 &k
T ST 1 TR (collect), |T® (clean), farsgor (analyse) 3R =TT (interpret) Tk a0 fou
Y ST WEc Ul STHeRTIAT (insights) TSR Fd 8l ST T ST b 3fersh TTE, ot 3R gfera
fofer o o mag T 2

FT I foh Toh gorwTehe TSI 3camal st 2fes forshi feantd e 21 afe weferes ST =mea @
o I |1 SeaTe wert tfereh foreratt &, forer fomr wrardy sferer forshl g5 o wrwr o ey forshl ohdt et &
&, 1 o BT T § YA Tole i STl T2 o Fehel| $6eh SIS, o ST TorqT USRI ol START Fld
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2 Sl Tehel § oIt AT § Gl ol Suaedd (organize), fersgmor (analyse) ST T (process)
L TH 2

sﬂofﬁ'(%’,q%’ﬁlé SATIHT :l'qtﬁ?ilTNumPy ((Numerical Python)ﬁwm%ﬁﬁﬁqﬂTﬁ%a
I FRIAATEF GHTA 6 [T Teh IMMHRITAT ST 8] S Fohell Jeaehrerdr (ATgsih) H Teaehi i
IR I H TEAT I IR T FHUST T HARd HHAT BHRT 0T 51T 8, S8 & NumPy
AT T W (arrays) H AART AT & S8 ST & TH (access) foRaT ST @ehar &, TR &
ITFHR (reshape) T ST ThaT @ T T W IUAT (compute) T ST Tkl 2

Supermarket Sales Data 1} ‘i
e orroi ‘@ NumPy
uuuuuuu | Python
|~
V11T P KL ke organizing a Library

| :SITd7

kit

P
Or arranging a a Closet
Data Arrays
U e ‘ Fast Calculations Q @
| 78 | 89 92_ & Analysis! # g

o7 2.0 NumPy &7 9R=17

S'HS'GFI'%% 3d deh, 9 NumPy ST 3TN HT HIET| I T haed 22T ERIGEIKIE] (foundation)
8, dfceh O ST (Machine Learning) 3R nfefriire gefasa (Artificial Intelligence) S
SFTTART T X Toh HEAq0! el T €, STEf SISt A0 H ST i dsit ST HeIhdT o 81l derraa
(process) L T SATITTHAT it 2

2ATeATH ok URUTTH (Learning Outcomes)

36 AT i T A o a1g 311 frmferfiaa s st § e g

® TS ST ! GUET A o feTt NumPy T ST 37T ITeRT SURNT LT

® T AT, forwTiSTa ek, IH:3THR S (reshape), STTHR A (resize) TAT b STRATHI
H qferd ek 32 Heferd s

® T FHRICAATIS SR ST IO T ETOMTE AT

o <oy fasgwor o forw wmfy et (aggregate functions) 3R ﬁﬁﬁa et (matrix operations)
T ST ATl
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HISIA GHT (Module Structure)

3 1. NumPy T 9= (Introduction to NumPy)
T 2. NumPy T ST ek T T (Array Manipulation using NumPy)
7 3. NumPy T IUANT ek T HIOMT (Array Computation using NumPy)

T 1. NumPy &t U=

(Introduction to NumPYy)
Teh TEAehIetd o S H Hiel T8l 8T J&deh Telt 8| Afe 3 Jedeh Sqaieerd & § =2l 1@l &1, q foret
T 1 GET HidA S W T 1T Bl ST 8| TR ST 3ra e ieerd &9 & STHTIET 9T T ST
2, AT 38 WISHT 3 JaTId AT dsT S STEH & S1aT 81 SH a8, NumPy W ST &l Teh Elfad
e | SFAfbed w0 § 7eg 0 &, Fored |rr=r e giem (lists) T qeT 5 36 S
SATET 37 A & ST 81 ot 1.1 38 griar 21

DISORGANIZED LIBRARY (G ORGANIZED LIBRARY
- ‘ \ ) I — .

: /- Il /\/:
,,!.\i*\\ == il ,
' : \ IIII l! l“,‘! !IIIIi! i

_.‘/

NumPy Arrays
B
4 5|6
[§78| 8 [¥ONi

Normal Python Lists Fast & Easy to Find! @©)

%].].‘NumPyWWW?ETWW

39 T | 39 GHE o NumPy T T8 Fd 8, o G (lists) T T H oSt 9 & 3R 37 ol
AT 3R ITANT foRm ST 2 W@%W@%W(Shape), TIHTT (size), SAEH
(dimensions), 22T JehT ST BAR SUFAT o o1 7 off Tie| 3 -8, 2-S ﬁ?ﬂg—ﬂﬂﬁ@mﬁ
T ST HTT 3N q1: 3T Cl) (reshaping), "HdT sh{HT (flattening) S JERT (broadcasting)
St eheiteRt T off Tt ST

1.1 ufe=

T H, B9 3 3TT3eH HUE i o foTe G (lists) ST ST hEd 8| BTeiion, STo g9 e aief
T H ST BT 8 df ot arierd 8 H €T 81 Fehell 81 NumPy Tsh T HTeside Ta LTl § S
AT TrRIe et hl o  ogd ot &l NumPy T ah! g o foaodia, He # T i e
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WWWW%WW@@W@W@%@WW%NumPy@a'?

aft el T ST AT BN, STelfoh e Tt o ded O g & FT TR o &1 ek B

NumPy T Hdet Numerical Python 8| € U9 | SR BFW;%T % foru wiferes Ueohet 21 I8 U

TSR 8 ST Uk Sg AT O Sieside 7R UL 7R Afg8® W ast T S oMt o T haw yame

W%lNumPyﬁ%ﬂWn-m@%ﬁ@ﬁﬂaﬁﬁéﬁTél NumPyﬂ?@’féaﬁTm“T

T 9 8 QAT S0 o o for fera st 2 fomeet v < @t an aefl @t dtea 7 for

ST e 2

1.2 W (Array)

@Q%@HW%WW@E&W(V%MM@W%W@mqﬁ(values)aﬁ@ﬂ%ﬂ

A o I T3 SITaT 21 W o 27 el (elements) 3T U shAsIG (ordered) GUE BIAT 8, ST Ycdeh

el U B ThT 3T BT @ 3T I 34k Ferehish (index/Reurfer) 36 ST watre (SAfwTe) fomarm ST wrehatt

2l

o TS T g HIF TUEIT T &, Tifeh d+ft 7T Ush & 22T Wb o B =1

® TS WL HURI H Af<IfEd (contiguously) (Ve FHiat sciteh o) Toreia fopanm STar ©, STt 3eh St
3T IS ST 2

° W@ﬁmﬁaﬁm‘éﬁm(position number) T TEHATAT ST 2l Hc\dOhiOh Oﬁ‘{l:@%ﬁ?l'f
2| SHITT & el Ferohioh (S39) 0 T, THU Ferohish | X ST SEll TR 30T Breft

3ETe0T o feTT, 5 el oTed Weh W X foreim &t

a=1[21,9,29, 17, 30]

T T T e el 21 2 ForenT gerhih /I [0] 31 01 A1 9 2 Forent geehiah [1] 2 AR et at@
| ST acd 30 & FSreehT Gerenien [4] 21 I TS § G (lists) 9 SR (indexing) o €0
HE

1.2.1 NumPy @ (NumPy Array)

NumPy T T SUINT HEATH ST ohi Hi\tMi (lists), JFT (vectors) 3R ﬁﬁ}ﬂ (matrices) T HIET
F o foru foharm ST 2 NumPy SIEEER NumPy W M, 3¢ Gaferd i (manipulate) R
AN L (transform) 3 foTT 31k AR (built-in) HerTH SUTsd Bid 8] TTEUE 9TST 3§ off Teh
T ST HEEHT HISE 7, WAfohd a8 NumPy T Saft Sigewait (versatile), F9TeT (efficient) 31 STy
BRI NumPy@Tﬁ TR T T ndarray gl SiIdl B Aferd WWS@@%Wﬁ@W
SITAT 2

1.2.2 NumPy W T g
2T T80T 3 feTT NumPy 3T SURINT i o s R ©, ST (eI Rad o—
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1. NumPyﬁG@Ha@@WTﬂTmél
2. NumPyaﬂWW%lﬁ:fWﬁwaﬁmﬂﬁﬁﬁ% S Yges sfismivra (linear
algebra), B (sorting), s (searching) TUT S0 Gt o A1 il AT AT
3. NumPy T H&I 3ifesiae ndarray BT 8, S 84 @HM TR % €T dcdl o n-3TRAM (n-
dimensional) T s i !;'Fq’%ﬂ Tar el
NumPy T I HTHR (size) M (fixed) FAT 81 STHR e o AT T T T TR FAT W
ST 9T
5. NumPy T[T  ITART § ST &1 T& LT 2| ISTEL0 o FIT;: aT T T T[0T St b1 Toh WA
IETETT SRYY| T H BH 36 Th T fofard &
c=[]
for i in range(len(a)):
c.append(a[i] * b[1])
I8 IS I AT &, TR AMS W a 3 b H ATET HEATE &, 1 98 Foha aga &1 21 STerm| NumPy
T 272} O Sharet Ue Hieh § Tt ST dsf & foram ST weha 2

c=a*b
I8 T LT & Toh NumPy 32 FHRIST ST 6T Gl Jam i 2
6. NumPy S8 S 2| 3EeHT I HI&T (concise) S TG H STTH BT 8| i Wfha o HRT AT
(bugs) T GTeAT off 1 BT Rl
7. NumPy & 31 R ATSsRI— S Ui (Pandas), Betliefetdl (Matplotlib) T BT (SciPy)
& T WQQ@% (integrate) ToRaT ST TehaT 2, ST forT ST St farsgmon o fore Su=it €
1.2.3 NumPy @'WWW (Python Lists)
HGlED NumPy W ﬁwgﬁﬂf (lists) HEIR I (elements) oI Hufed Sl &, Bt oft o 1er-

HHT 2T §TEATE (data structures) & 4o sl F&q SR HHfARed €|

NumPy W qrEYT e

NumPy T 35T & % foTT A9 NumPy

ATEsHT T TETT ST TS AT STTIII 2

g U il Uk A Hd (built-in) foreivar @
3T BT 3T Tt 2

NumPy T T 311 Ff3a (fixed) BT 81 36HT
FTR STt o ToTT SATIh! AT W SMT ST 2
a1 IﬁEST el gqﬁufﬁ?r (overwrite) h{T
BT

1T gl (list) § ST 8 e SIS AT 82T b
H (@ﬁ append(), insert() AT =BT 3TN ?m'Ta?)l
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NumPy@%H’ﬁW@ﬁW

(homogeneous) % B 1Y) ISTRT fera,
[1.2,5.4,2.7] @+t A1 (float) TR F B

Th Hjﬁ T fafs= g (heterogeneous) & e
B Hehd 81 3TN & TG, [1, 3.4, hello', 'a@']|

T& AT AN 3 HeRd B

W A qea-TliT (element-wise) foramd Tmfefa Hﬁ'ﬂf g aR W dea-wai (element-wise)
et B Iareew o forw, afd A1 TR TR, A1 AL/3 | Torama ot wwed e sl seeh forg stmoeRr o
foTaeRt s dea ot 3 @ forTfSTar fora ST EehaT | =T SU—ITT ShiAT T 2

2

NumPy T HH HAR 3T STANT A &, FAT(eh 570 | Gt SATee HHRT Tl 8, FATTeh 376 Teeh aed
TAF dcd & o2 TR ol AfANTE SR | o ST TR hl STHeRRT STAT-STT HURId AT
TR L ot SATITIHT Tal Bl Tt 2l

NumPy@éﬁZ’ﬂEw_&' (vectorised) AT T H;\%WT AFZSS (vectorised) FATRITH
T A &, AT T Rt ToRaT shl 9L TR | (STsRaTaT) T aei =21 i o

ot 1.2, Trre foree 3 NumPy T 3T feqd T U1 o ATead § 39 YR 8

COMPARISON: PYTHON LIST VS NUMPY ARRAY

PYTHON LIST

float

< . -« "
. float StL_ @

float str
str
str
object
int

Memory pointer

(scattered,
pointer chase)
mSE=s
-
int

= aSSEa

Heterogeneous data types, slow access,
non-contiguous memory, high memory
overhead.

NUMPY RARRAY

float64

N Memory pointer
(contiguous)

Homogeneous data types, fast access,
contiguous memory, vectorised
operations, low memory overhead.

[oT 1.2: Gr7eT o762 37 NumPy @ &1 gerr
1.2.4 NumPy T AT (Installation of NumPy)

NumPyWW%ﬁ%%ﬁSﬁmw HATIITF B qﬁmAnacondaWB’C@"TW@%ﬁﬁ
T NumPy 98c § & 364 M T 8] A(S T8 781 &, A1 31T 3T HIe o FHHIS HFee AT

I T pip FHHTS T ITANT ek 38 TETT L Hehd &

pip install numpy

1.3 NumPy W T (Creating Numpy Array)
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NumPy | = JATesIe ndarray BT 2, ot Ui geird (homogeneous) * 6|t'{;’lﬂ'l?TITIQf
(multidimensional) W & o foTT 52T ST 81 “Homogencous” T 374 ® foh @eft aca wah &1y
ERIIE NumPy @%ﬁaﬁﬁt-wqyfaﬁ (non-negative integers) % 20 (tuple) ERUEEER]
feRaT STaT ﬁ'ﬁaﬁ{&m 0 9 Bt 8| foheft wt o Sy (dimensions) ﬁﬁ'@TaﬁNumPyﬁ‘o"Hﬁ
axes (3T&T) hgl SITdT H|

1.3.1 NumPy T ST shich ST&eh W ST

T o o3 aiieh Bl WWW@W@@NumPy@ﬁW%l

T 1. NumPy TS Rl (Import NumPy): NumPy bl YA A o foTT Herdl Ugel TR 39
ATESRT T THITE LT BIAT 21 ATHTIG: 3 Tk BT T () np e Sirar 2, arfer ararer o gge
STGRT AT ST & S

python

>>> import numpy as np

TUT 2. Teh YT Tt AT 2ae aAT0: Hell Ieet, Teh A= e gt (list) a1 29 (tuple)
fertfca e, e o doa it &1 fSe8 119 379 W 3 T =Ted 2

python

>>>my list=[1, 2, 3, 4, 5]

=T 3. NumPy W H TGe: TR §eil 1 NumPy T H S&a o [T np.array() %= (function)
T ITINT |

python

>>>my array = np.array(my_list)
0T 4., @aﬁfﬁzmmﬁwaﬁ Wﬁ”ﬂ"ﬁ@@ﬁ NumPy ndarray S ICSEo %, ST G TlshaTT
(numerical operations) & forT SR

python

>> print(my_array)
[12345]
>>> print (type(my_array))

<class ‘numpy.ndarray’>

1.3.2 1-3'1'@3?17” (Creating a 1-D Array)
T & Ufth (row) H deal STl W Teh-STTHT (1- 1) W hgardl &1 3TsY, TeIrail 3 ush & areft
T | TH 1-D WA &

IETEOT: T Gl § Toh-AAHT T 1Y)
python
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# Create a one-dimensional array from a list

list=[10,21.5,"a',-15.7]

# Create array from the list
arrayl = np.array(list)

# Display the contents of array

print("\n Output\n One-dimensional array:\n",array1)

Output
One-dimensional array:

['10''21.5""a"'-15.7']

File Edit Shell Debug Options Window Help ‘

>>> # Create array from the list
>>>arrayl = np.array(list)
>>># Display the contents of array

>>>|print("\n Output\n One-dimensional array:\n",arrayl)

Output

One-dimensional array:

['18' 124.8" '@ *-45.7 |
>>> >

Ln: 59 Col: 26
w1 & foh et 8 woh g | ‘o' €9 3 shor gefy wiead oft fgm & wfiafila & wé §) Qe gafere dran
2 ifeh NumPy @ o @i dcal e & TehI 3 B 2

Note: A common mistake is forgetting to put square brackets around the list when passing

it to array()
>>>a = np.array(1,2,3,4) # Incorrect way

>>>a =np.array([1,2,3,4]) # Correct way
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CREATING NUMPY ARRAYS

— STEP 1: CREATING 1D ARRAY 1D NumPy Array
str (str] [str] [str]

str np array(my_list)
.5),(2'), Fro" | 2150 Siar ¥ 15.7)

Type coercion (datt) Type coercion (s.str)

- input Python List creatlon function output 1D array

— STEP 2: CREATING 2D ARRAY 2D NumPy Array

np.array(my_nested_list)

st A = [1)2}/3] ) . ona
my_nested_list = [list_A, list_B]
e - BES FEE)

(3)
2 rows, 3 columns

=7 1.3: NumPy @ F717

1.3.3 2-2% Qb{ oqTT (Creating a 2-D Array)
T array() HaRM H o1 6 Gl (nested lists) Tl IT8 Feh T5-STRTHT (2-D) T & Hehd

IETEIOT; 2- QW =M 1|

File Edit Shell Debug Options Window Help ‘
>>># Create 2-dimensional Array

>>>import numpy as np

>>>larray2 = np.array([[3.4, 3], [- 3.4, 7], [0, -111)
>>># Display the contents of 2-D array

>>>print("\n Output: 2-dimensional array\n",array2)

Output: 2-dimensional array

il 3.4 8. ]
I°3.4 7. ]
[ 8 = 1] J

1.4 NumPy Q;{ * 0T (Attributes) | |
NumPy T H %5 Heaqul 0T €ld & ST 4 T o S H e < €

. NUMPY ARRAY ATTRIBUTES

[shape=(3, 2)}—4
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[ 1.4: NumPy @ & 707

1.4.1 TR (Shape) 3R AT (Size) % 0T

T (ST

ISTEUT Python IS o AT

ndarray.shape: I8 U 29 (tuple) AT &,
ST WX o ST (dimensions) 3T STATdT 8, &
gfeRa (rows) ST T (columns) hT &I

>>>a = np.array([[1, 2], [3, 4], [5, 6]])
>>> print(a.shape)

(3, 2) # This means the array has 3 rows and 2
columns.

ndarray.ndim: I8 T o AT (axes) T T&AT
EﬁQEF‘{\UI'T%" (integer) % € T Fqram 8l 1-D W
%%ﬂi ndim = 1, 2-D@%%’Endim =2 3R
T SRR 3

>>>al = np.array([1, 2, 3])

>>> print(al.ndim)

1

>>> a2 = np.array([[1, 2], [3, 4]])
>>> print(a2.ndim)

2

ndarray.size: I8 W T ﬁag & el
(elements) =hT TEAT ST 2

>>> a = np.array([[1, 2], [3, 4]])
>>> print(a.size)
4

ndarray.itemsize: Jg Yk dcd T IHR
(ATSLH o) FATaT 8l I&Te o for, afg foreft o
T ST I int32 &, a1 Ik dcdt 32 fare (3rta
4972, 32/8 = 4) HTEBIT R

>>>a = np.array([1, 2, 3], dtype=np.int32)
>>> print(a.itemsize)

4

ndarray.nbytes: I8 T AT STANT T T8 3
HURT (JT5H H) FATdT =1 IE size * itemsize

S BT 2

>>>a =np.array([1, 2, 3])
>>> print(a.nbytes)

24 # For a 64-bit system, each int is 8 bytes, so
3*8 =24,

1.4.2. ST IR o T[0T (SITUE)
T (siTae) IETEXUT Python 1T o €T
ndarray.dtype: I8 W & dcdl (elements) 3T | >>>a = np.array([1, 2, 3])
2 YFR (data type) ST 2 >>> print(a.dtype)

int64

ndarray.astype(dtype): 9 HaH 3T ST W
% Teall % ST YohI o sIqet o foTt foham ST 21

>>> a = np.array([4.3, 5.4])
>>> int_a = a.astype(int)
>>> print(int_a)

[4 5] #The floats are converted to integers by
truncating the decimal part.

1.4.3. iUt ST H‘Iﬁn‘eﬁ‘gﬂT (Mathematical and Logical Properties)
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T (ST

3ETEUT Python IS o AT

Aea-Tad forame
Operations): NumPy T YT Tk dcd T
e A Toramd e o i 3d 3

(Element-wise

>>>a =np.array([1, 2, 3])
>>> print(a * 2)

[24 6] #Each element is multiplied by 2.

ndarray.all() : Ifg T & auft dcd ﬁ'{-ﬂg (non-
zero) AT TH (True) &, O I T (True) AT
2l

>>>a =np.array([1, 2, 3])
>>> print(a.all())

True

ndarray.any() : If¢ &0 & W T dcd ﬁT—?EJ
(non-zero) IT A (True) 2, O 98 I (True)
AT 2

>>>a = np.array([0, 0, 1])
>>> print(a.any())

True

1.4.4. 9: ATHN Cl (Reshaping) IR 9T (Views)

T (STUE)

3ETEUT Python IS o T

ndarray.reshape(shape) : I8 B 36T tal
o 91 Ueh 94T W AT ?, Afehd SHRT ATHRR
(shape) 3T i RNl Tedlt (elements) AT
AT 99 &1 Aey|

>>>a = np.array([1, 2, 3, 4])
>>> reshaped = a.reshape(2, 2)
>>> print(reshaped)

[[1 2]

(3 4]]

ndarray.ravel() : 98 % SE-STEHT (multi-
dimensional) T T gHae (flatten) ek T 1-

>>> a = np.array([[1, 2], [3, 4]])

>>> print(a.ravel())

& (1D) W § oaet 3T 21 [1234]
1.4.5. STl SHTH = (Copy vs View)

o7 (ST9e) SETEXT Python SIS o €1
ndarray.view() : I8 Tsh TIT W ATesige SATT | # Original array

2, STt 3¢t ST Bl G (view) 21 afE e1mq 3@ =7 | @ = np-array([10, 20, 30, 40))

T 32T 9eed g, ?‘ﬁrlc\?f (original) WA ot gt
a2l

# Create a view

b = a.view()

# Modify the view
b[0] = 100

print("Original array:", a)

print("View array:", b)
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Output : Original array: [100 20 30 40]
View array: [100 20 30 40]

ndarray.copy() : I 21 I T Ui (copy) & | # Original array

| AT T ST &) hidT H fopy M ftared qet | 2 = ne-array([10, 20, 30, 40])
T T qTfa et e &
# Create a copy
b = a.copy()

# Modify the copy
b[0] = 100

print("Original array:", a)

print("Copied array:", b)

Output : Original array: [10 20 30 40]
Copied array: [100 20 30 40]

1.5 @%Hﬁﬁqgﬂ (Accessing Array Elements)

NumPy T 3 HIqX Tedi o 9ga el (Indexing) TR FATEIHT (Slicing) T ST sk shi STl
2

1.5.1 STTHHT AT FSTHRAT (Indexing)

FTHHOT AT SR T 379 @ fohell weh e (Tferiie) hi 3ereh feerfar S (TSR (e & Teed o)
1D W o TTT, 30 TR HIBF [] % T TF Geohioh (3S9) 1 ST Fd 2| S 1@, Fashish
T O & Y& BT 2

IETEAOT: 1D T el qoh Tgof JTH HET|

# Accessing elements of a 1D array
import numpy as np

arr = np.array([10, 20, 30, 40, 50])
print("Output:")

print("First element of array:", arr[0])
print("Third element of array:", arr[2])
Output:

First element of array: 10

Third element of array: 30
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2D W & T, gm e Hs{ehiehi (3SHT) T IYANT hd =: [URE (row), T (column)]| Uitk TR T
2T IR 0 8 I B o
IETEAUT: 2D W dqeall doh U5 el JTH HET|

# Accessing elements of a 2D array

import numpy as np

matrix = np.array([[ 1, 2, 3], [4, 5, 6], [7, &, 9]])

print("Output:")

print("\nElement in the first row, second column:", matrix[0, 1])
print("\nElement in the second row, third column:", matrix[ 1, 2])
Output:

Element in the first row, second column: 2

Element in the second row, third column: 6

HUTTHeh $SToRAT (Negative indexing) 319! W o 37 (end) ¥ Tcall Tk Tga shi ol ot 8
SO -1 FAfH ded <Rl BRI LT €, -2 AL SATH ded bl 3 T T 37|

IETEXUT: UM SR ShT SUANT e T o deall doh qg el JTH HET|

# Accessing elements of an array using negative indexing.
import numpy as np

arr = np.array([1, 2, 3,4, 5])

print("Output:")

print("Last element:", arr[-1])

print("Third element from the end:", arr[-3])
Output:
Last element: 5

Third element from the end: 3

1.5.2. TATSRAT (Slicing)

TATSRHT T ST W o fohelt T ant fehte™ (extract) o foTT TR STTaT 21 6T A= Irey
start:stop:step BIAT 81 AfS 37T 0 & <his A el <d &, a1 I8 3194 fewiee o (start=0, stop=end
of array, step=1) AT 2l

1D W < foTu:

IETEXUT: TATSIET T ST ek qeall qoh U5 o ITH HEAT|
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# Accessing elements using slicing

import numpy as np
arr = np.array([ 10, 20, 30, 40, 50])
print("Output:")
# Elements from index 1 up to, but not including, index 4
print("Elements from index 1 to 3:", arr[1:4])
Output:
Elements from index 1 to 3: [20 30 40]

2D W o foTU: &1 9fFal (rows) & foTT Uk TAT8E 3R & (columns) % fTT Ueh TATeE e id
8, fS2 srcaferm am =6 () g o7 fomam S 2
IETEXUT: TATSIET T ST sk 2D T o dcd| ok qgal ITH HLATl

# Accessing elements of a 2D array using slicing
import numpy as np
matrix = np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9]])
print("Output:")
print("Original matrix:\n", matrix)
# Select first two rows (0:2) and second and third columns (1:3)
print("\nFirst two rows, second and third columns:\n", matrix[0:2, 1:3])
Output:
Original matrix:
[[123]
[45 6]
[7 8911
First two rows, second and third columns:
[[2 3]
[56]]

"Fi'Q;Ui' ufrat T Tt de uga (Accessing entire rows or columns): ferett Uesh A™H
(dimension) 3 Tt Teall ST = L 3 FoTT i (;) =T ITFNT foham STrarT 21

ISTERT: forell |l Ufth o1 & deh U5 IT6 LTl
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# Accessing entire rows or columns of a 2D array using slicing

import numpy as np

matrix = np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9]])
print("Output:")

print("Original matrix:\n", matrix)

# All columns (:) of the second row (index 1)
print("\nEntire second row:\n", matrix[1, :])
All rows (@) of the third column (index 2)
print("\nEntire third column:\n", matrix[:, 2])
Output:

Original matrix:

[[123]

[45 6]

[789]]

Entire second row:

[45 6]

Entire third column:

[369]

1.6 NumPy W ST o 37+ dilch (OTHER WAYS OF CREATING NUMPY ARRAYS)
et (lists) & T S o STTET, NumPy H 58 fai Safia (built-in) e of g 8, et
FErIdT § TR 7M1 ool UL ST ST Hehd 2

1.6.1 SFAHTHA (Intrinsic) NumPy W fAwior weer

np.zeros(shape, dtype): 7€ 0 & 1 5311 W SHTaT 8| fewhice &9 & T 22T JHR FAIE (float) BT
2

import numpy as np

# Create a 2x3 array of zeros (float by default)
zeros_array = np.zeros((2, 3))

print("Array of zeros (float):\n", zeros_array)

# Create a 3x2 array of zeros, specifying integer type
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zeros_int = np.zeros((3, 2), dtype=int)

print("\nArray of zeros (integer):\n", zeros_int)
Output:

Array of zeros (float):

[0.0.0.]

[0.0.0.7]

Array of zeros (integer):

[[0 0]

[0 0]

[0 0]]

np.ones(shape, dtype) : 98 1 & MRUKES) Teh W ST 2

import numpy as np

ones_array = np.ones((3, 2))
print("Array of ones:\n", ones_array)
Output:

Array of ones:

[[1. 1]
[1.1.]
[1.1.]]

np.full(shape, fill_value, dtype) : I8 THT W ST & 90 T dcd fou e fill_value % SR
a2

import numpy as np

full array = np.full((3, 2), 5)
print("Array filled with 5:\n", full array)
Output:

Array filled with 5:

[[5 5]

[55]

[5 5]]
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np.arange(start, stop, step, dtype) : I8 TS o Ueh shH (sequence) ATl T AT 7, ST 9T
% range() BT % U BIdT 2

import numpy as np

# Create an array from 0 to 10 (exclusive), stepping by 2
range array = np.arange(0, 10, 2)

print("Array from arange:\n", range array)

Output:

Array from arange:

[02468]

np.linspace(start, stop, num, dtype) : I8 UHT W sTaT & 518 start 37 stop & = (stop HIT
Hrsd) HH AU (evenly spaced) aret fetfea e (num) % dcdl BId 2

import numpy as np

# Create 5 evenly spaced numbers between 0 and 2
linear array = np.linspace(0, 2, 5)

print("Array from linspace:\n", linear array)
Output:

Array from linspace:

[0.0.51.1.52.]

1.6.2 =0 GEATSAT ST STANT hich T ST (Generating arrays using random numbers)
NumPy # U8 et 1 2 &, Rreh! wgmadar & feu daamstl @ W QU a-1 ST gehd 2
np.random.rand(do0, d1, ...) : I8 feT 7T TR (shape) =pT Ueh T ST R, o 0 3R 1 & =
=1 {gu HeATd Bt &l

np.random.randint(low, high, size) : I8 fqu T TR (size) <pT Tsh T FATaT 7, e low
(geTarett) 3R high (SfEha) & i % {&H Ui (integers) &1

AR (Summary)

® NumPy (FHNHA UYH) Th TR ATESRI ©, &1 ST Sk TOMT (scientific
computing)ﬁW@%WWﬁ%WWW%IW“@”W@W@H
HEHT YeH il 8, ST Ueh 1 =1 § 314eh HIHT ol SufEd it 2l
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° NumPy@,W@ﬁ(lists)ﬁ@ﬁaﬁﬁmw%%,mﬁﬁﬁw

(continuous) HH ARIMT H HIET &I &

® NumPy T % G+l dcd Ueh &1 ST JohIL oh B =R, Seffoh Wre gierai # forfir= yehrt o el &1
e

® NumPy W T-3MH (1-D), f5-3mft (2-D) 31 a5 A= (multi-dimensional) & €ehd &, ST
22T HEEAT IR e 2

® NumPy JFESS (vectorised) ST T TH HLdT %, ISEERINGIRS TTUFHQV 113{ & gt deal
T U BT T ST Fhell &

o T YU Hftlﬁ &1 uftafda st an NumPy & SFAHHT BT Sie array(), zeros(), ones(),
arange() 3T linspace() 3T STNT &Lk SHTT ST Tohd

® NumPy @%ﬂ%@qﬁ?ﬁﬁ shape, size, T s TE&AT (ndim) 3T 22T THR (dtype) ITHA
2l

® T cdl 0o U5 TSI (indexing) TR FATGIHT (slicing) o HTET § 3hT ST Hehdl! €, &€
[ERLRIER IR ER U R RETNS IR Ca

o 3T IS, geTar ST TR eTTet foramal o SO NumPy T s3T9eh SUTNT ST forsgwor, il At

T A TSR & fohaT ST 2

AT ST S
A, Agforhed T g

1. -t arreE Agsk e B Y HEATH TTOMT (numerical computing) 3R W o A1
L o ToTT =T Y STt 22 (37) vied (&) TS (3) & () o

2. NumPy 3T QU A9 &7 87 (37) AR T () = T (|) =HE T (3) Heah
RIEe]

3. NumPy ¥ 22T €ufed F o ToTq ST ForaT ST ATt {ed Sifosiae F1 heaTdl a2 (37) list
(1) ndarray (%) tuple (<) set

4. NumPy @ ¥ @ qca forg TR 3 g =2 (37) fafiF=t T (Different types) () T0H
A TFHR (Same data type) (H)%@'QW (Random types) (]) W&'{‘TW (String type
only)

5. ORI g 8 NumPy QU SHM o oI forer el st ST fearm STt 82 (39) np.list() ()
np.array() (¥) np.create() (<) np.make()

6. T U8 dcal ol S (TeIhish) FT &1T 22 (31) 0 () 1 (/) -1 (3) 2

7. -G SR Ql\réﬁ (zeros) T wgm@w%‘) (37) np.ones() () np.full() (7)) np.zeros()
(%) np.arange()
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8.  NumPy T dedll & GE&AT -4 Q@“&E (TTOT) It 27 (37) shape () size (¥) ndim

(%) dtype
7. foeh T W
1. NumPy@?'IC_Oﬁﬁ A scited H GUEd L 2l
2. Efi’@;&@% Dy (dimensions) I TEAT ST 2
3. WWW’T@@WW(stmcture)ﬁW%WmW%l
4. AT | & ¥R g3 T S 2
5. TfEIE T dedl T ST JohR ST 2

. e qT AdqT

1. NumPy QU & @ ¥ forfi= 221 Yehri o dcdll shi GUEI o b 2

2. NumPy T SATeHs TUHTST o T arerer gfera (lists) T qerm § ot e 2

3. reshape() e fohd W T AR (shape) e 2

4. SRUTTCH $SfHET (Negative Indexing) T START foret T ok 31 § Al doh Tg o o o1 fohalT
ST 2

5. np.zeros() B 1 & I T SHET 2|

g, oY 3T 9%

NumPy T 27

NumPy @ EARCIERE N ﬁﬁlﬁl

Wﬂﬁ ﬁTNumPy@%Eﬂa@ C‘Fiﬁ'(]%l'f\@'ql

NumPy W & ST (indexing) T 22

NumPy T H TS (slicing) T4 82

TTUT shape =T TTTaT 82

NumPy T T SUFNT L T Teh AT fagu

NumPy W & o oIt 3uzT fohe ST aret foreet &t thare o i feafa)

® NN kWD -
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T 2. NumPy T SUIRT shieh T hT TATAT

(Array Manipulation using NumPy)

ST hITSTT foh ST 37T TR T ShUSl ohl AU T T8 &l Hft 3717 I8 Tk E19 Ueh &L H Tad
T (SlreT), el 32 STeATT-1eT Aotk | die 2 & (frwrfora ), vt 3nma 52 ater ol @ died @
(T 3T AT) TR et S8 S o [T 37T ST Seeid & (TETEST )| FET FhR, NumPy
TH T2 T TR ST Y VeI e o oI T ot Sire, o St o, T 31T 39 A1 ST g ol
o < 2

0 Joining Arrays -

Shelf A Shelf B Joined Shelf

\ 7

T-shirt T-shirt

Shirt ~ TUEEREE |
Shirt ~ Sweater ‘j

\’U Jacket

Combined Array)

T-shirt
Jacket T-shirt
Shirt Shirt
Sweater Sweater
Split Shelf 2
e Reshaping Arrays emmmeeneeees
— Before Folding — — After Folding —
T-shirt | N7 « /
Shirt » | T-shirt Shirt

Jacket ' Sweater
Jacket ' Sweater

Jacket
Sweater

(1 Column) (2 x 2 Shape)
o Resizing Arrays

Original Shelf Resized Shelf

T-shirt Shirt
» | Jacket © Sweater

Socks &g Cap

f2.1: NumPy ﬁ@'w@ﬂ
3 O T AT W o HETferd (manipulate) F o T =T aiiehl shl THET—Sg SeAT (concatenate,
vstack, hstack, dstack), TasTfta T (split, array_split, vsplit, hsplit, dsplit), T T 9T & &
I:3Teh T (reshaping), Ef§3:|'l'<’1'l'lﬁ T HT 1-SF T THae R (flattening), T T IR TGeT
(resizing—foEaR AT HEIT) TAT STATHT § IR BT (axes SSHT AT THT) A B
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2.1 Ui

NumPy, Trer H S31fe TS 3 o U TR (foundation) STEsHT 31 36 @ & wrf
L o T g ITANT B ITcTeY BId &l ST fI2IN0T o SR §H ST 379 ST ohl |LaT
(structure) =T SIEeT Shl STTATAHAT BT 2| 39 T T 87 W HATA IT 4 (array manipulation) Y
Tty Feheient W ==t &6

2.2 @{ﬁaﬁw R forsiRra st (Joining and Splitting Arrays)

ST (Joining) 3R feremfore s (Splitting), NumPy Frar Ao d foramd 2 STrew Y ufshan § &3
UL o FHeToRt Teh UL ST ST mﬁ%ﬂﬂﬁﬁaﬁﬁﬁ@@ﬁ@ﬁ @ﬁ%ﬁ@ﬁaﬁﬁmw%

A schemic array Numy manipulation in np.concteenret(), to contoiur and the divosion of the jow given usting that
concatenirian stugend arrays.

. JOINING ARRAYS || SPLITTING ARRAYS

(np.concatenate) (np.split)

Horizontal Stack

(np.hstack/concatenate axis=1)

2 10 | 20 30540 50 | 60

¥ 1(2|3 |4
np.split(array, | 3, axis=0)

34| N :
1 2 [index, 01 -2] [index, 30 - 4] [index, 5 - 60]

Vertical Stack 3|a 10 20| | 30 4o| |50 60

(np.vstack/concatenate axis=0)

np array spllt()

[ EFFICIENCY THROUGH STNUCTURE

np concatenate

EFFICIENCY THROUGH

e 2.2: NumPy q @ geeT
221 @‘EI-TTGﬁET-lT (Joining of Arrays)
ST (JT GATSIH) T A & &1 AT &7 § 3R T ol Ueh & W H fer )
np.concatenate(): 39 ST hT ST AT AT ST A aﬁm@ﬁﬁﬁmﬁr@ a&?%wsﬁ:ﬁ%m
fora StTaT 81 fewiee ®9 @, 98 3% axis=0 (4fh-aw) & AT ST 2|
JGTEVUT 2.1: S T T Uil o G1e GASH (axis=0)

# Concatenation of Arrays along rows

import numpy as np

al =np.array([[1, 2], [3, 4]])
a2 = np.array([[5, 6], [7, 8]])

# Join arrays along rows (axis=0)
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a3 = np.concatenate((al, a2), axis=0)

print("Output")
print("Array 1:\n", al)
print("Array 2:\n", a2)
print("Arrays after joining along rows:\n", a3)
Output

Array 1:

[[12]

[3 4]]

Array 2:

[[5 6]

[7 8]]

Arrays after joining along rows:

HTIYL H, a2 I 4fehAT al T Uil o A< ST & 715 &)
ISTEIOT 2.2: T WL T &A1 o T HASH (axis=1)

# Join arrays along columns (axis=1)

a4 = np.concatenate((al, a2), axis=1)

print(" Arrays after joining along columns:\n", a4)
Output

Arrays after joining along columns:

[[1256]

[3478]]

T T3 H, a2 o T al o Ed¥T o I S S Ry MU
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np.vstack() (TfEheT Teh) : I8 HoRH W I dolad (Ufh-ar) WAl B I8 axis=0 & 1Y
concatenate() % THH B

3qTEI0T 2.3:

# Vertical Stack

import numpy as np

al = np.array([1, 2])

a2 = np.array([3, 4])

result = np.vstack((al, a2))
print(result)

Output

[[12]
[3 4]

File Edit Shell Debug Options Window Help

>>># Vertical Stack

>>>al = np.array([1, 2])

>>> a2 = np.array([3, 4])
>>>result = np.vstack((al, a2))
>>>print (result)

[[1 2]
| [3 4]] J
>>> || v
Ln: 37 Col: 0
np.hstack() (FTRSATET T2eh) : T8 B T I &Afasl ®Y & (EGH-I1) TadT 21 1D W & i, T8
I I Y I qh SedT &
IGTE0T 2.4:

# Horizontal Stack

import numpy as np

al = np.array([1, 2])

a2 =np.array([3, 4])

result = np.hstack((al, a2))
print(result)

Output

[1234]
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File Edit Shell Debug Options Window Help ‘
>>> # Horizontal Stack =
>>>al = np.array([1, 2])

>>> a2 = np.array([3, 4])

>>> result = np.hstack((al, a2))
>>> print (result)

[1 2 3 4] |
>>> || ~)
Ln: 58 Col: 0
np.column_stack() : I8 B 1D T I 2D W H &4 & &Y H TadT 2
3qTe0T 2.5:

# Column Stack

import numpy as np

al = np.array([1, 2])

a2 = np.array([3, 4])

result = np.column_stack((al, a2))
print(result)

Output

[[13]
[2 4]

2.2.2 W okt fararfae AT (Splitting Arrays)
forfSTa T Stre o o B1 9 Ueh W okt ohe D1 W H formfora st Bl

np.split(): I8 BT fohet T ot T 3787 & wrer g wmm v o fornfsra oar 81 afe @ aum
w9 G forfsra e foram ST weratt 2, 1 918 T AfE 3ea LT 2
IETEAUT 2.6: Ueh UL okl 3 AT W § foramfsra vl

# Split an Array

import numpy as np
a=np.array([1, 2, 3, 4, 5, 6])
# Split into 3 equal parts
result = np.split(a, 3)
print(result)

Output
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[array([1, 2]), array([3, 4]), array([5, 6])]

np.array_split(): 78 e o T T [orwTiSId el & SAfehe W ol STEHT i ol STATT 3dT
2l
IETEUT 2.7: 5 Tcal dTel Ueh WL RT3 AT H forisa i)

# Unequal splitting of an array
import numpy as np
a=np.array([1, 2, 3, 4, 5])

# Split into 3 parts (unequal)
result = np.array_split(a, 3)
print(result)

Output

[array([1, 2]), array([3, 4]), array([5])]

np.vsplit(): foFet T T Sieraa (dfth-am) fornfsra swtar 81 9= 2D a1 S5-It T o 61 T 2
IETETUT 2.8: 2D T T Aead (o]

# Vertical splitting of an array.
import numpy as np
a=np.array([[1, 2], [3, 4], [5, 6]])
result = np.vsplit(a, 3)
print(result)

Output

[array([[1, 2]]), array([[3, 4]]), array([[5, 6]])]
np.hsplit() : forelt @ et afast (EA9-AW) ERIECETGIR
IETEAOT 2.9: 2D T AT Aferst forrsm|

# Horizontal splitting of an array
import numpy as np
a=np.array([[1, 2, 3], [4, 5, 6]])
result = np.hsplit(a, 3)

print(result)
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Output

[array([[1],
[4]1]), array([[2],
[51D, array([[3],
[61D]

23 @EETEI":T SATRT AT (Reshaping Arrays)
T ST S T AT & ol T o ST (TRl 31 ST shl SEAT) hl SeaTl dedl hi et ST
A T =mfey|

np.reshape() : I8 HF T STHR & 1 T 7T T ST 2
IETEOT 2.10: 1D T HT 2D T H IH: HATHR &1l

# Reshaping an array

import numpy as np
a=np.array([1, 2, 3, 4, 5, 6])

# Reshape into a 2x3 array
reshaped = np.reshape(a, (2, 3))
print(reshaped)

Output

[[123]

[456]]

AT ST H & T o foTT -1 7 ot SUFNT o Tehd B, 3T NumPy F=Tfid 9 T Tal AR 6t
TUET S|

# Infer one dimension using -1
reshaped = np.reshape(a, (-1, 2))
print(reshaped)

Output

[[12]

[3 4]

[56]]

W kT AUAAT (Flattening Arrays) : Uch 6|§-3TI?TITI°f WA 1D WH FEH |
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ndarray.ravel() : If< §9e &1 1 T T Teh A (flattened) =T (view) HAIETdT 8l
ndarray.flatten() : T %I U G0 (flattened) ST (copy) el 2l
JETEXOT 2.11: T T GHATH

# Flattening an array
import numpy as np
a=np.array([[1, 2], [3, 4]])
print(a.ravel())
print(a.flatten())

Output

[1234]

[1234]

24 @GT[ AThR AGAAT (Resizing Arrays)
HTHR FEAHT H: HTHR I H ST 2] HTHR ST T H el 3h et HEAT i Sae Fahall ol

np.resize() : T8 B FfEE 3TTRR & A1 Uh 7Z70L S4TAT B1 FE AT ATHT ST 2, 7 I 38 9
o ToTT et 221 3l SreUrel &) AT 98 BieT &, AT I8 S hi BILT HLdT

IETEAOT 2.12; T T ITHR SSAT

# Resizing an Array

import numpy as np

a=np.array([1, 2, 3, 4])

# Resize to a 2x3 array (data will repeat)
resized = np.resize(a, (2, 3))

print(resized)

# Resize to a smaller shape (truncated)
resized = np.resize(a, (2, 2))
print(resized)

Output

[[123]

[412]]
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[[12]
[3 4]

ndarray.resize(): I8 fafer et QT €77 # (in-place) TR S 21
T: TR 24T (Reshape) 3T TR TEAAT (Resize) %ﬁa"l%rg'@ar AR

Terorgar q: AThN ECl (Reshape) AThR dqcT-T (Resize)

(Feature)

AT/ | TH T W AR § (A | W R wE F EiE war ®

FATE Elﬁ'f?lﬁ)l (ndarray.resize()) IT Teh 4T T AT ®

(np.resize())!

TR A T ST o & Tee qedl o1 el | eall shl oot AT Sae |hell 2l
T O WHT =M

HTEN 227 ! JUTId TG ®, hddl 3§ | 9T AR F fthe 8 & T deai sl S
T Teerd T 2l T BIET L T 2

2.5 AN dgAAT (Changing Dimensions)

T Torelt T o 31T TS 3T 82T Wehd & SRR 1 o ST 3l 3T "Tohed" (singleton) STTETH T
ST Rl

ATTH \‘rﬁ'g':lT (Adding Dimensions)

np.newaxis: %&ﬁ@% Waﬁ@ﬁwﬁ%%@wmw%l
np.expand_dims(): T faf3Ts T o s 721 3787 TUF ®9 ¥ ST 2
IETEOT 2..13: Te 147 SR STl

# Adding a new dimension to an array.
import numpy as np

a=np.array([1, 2, 3]) # Shape: (3,)

# Add a new dimension as a row

print(a[np.newaxis, :]) # Shape: (1, 3)

# Add a new dimension as a column using expand dims
print(np.expand dims(a, axis=1)) # Shape: (3, 1)
Output

[[123]]
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AT ETHT (Removing Dimensions)
np.squeeze(): THE T T SRR 1 & AW TTT 2
IETET 2.14: HTHR | o M h GHTI

# Removing a dimension of size 1 from an array.
import numpy as np

a=np.array([[[11, 22, 33]]]) # Shape: (1, 1, 3)

# Remove size-1 dimensions
squeezed = np.squeeze(a)
print(squeezed) # Shape: (3,)
print(squeezed.shape)
Output

[112233]

3.

AR (Summary)

&WW%@(AHW Manipulation)WW%@H@HW@T@W%‘@%W@@
TTHAT AT e H R T 2

@ﬁaﬁ@zﬂ (Joining) arar aﬁm@ﬁﬁwqm%ﬁ@w%
np.concatenate() R fthaT (rows) T &I (columns) % STTER T ! ST &

np.vstack() T T FHEATER (vertically/row-wise) T & SHEdT &, STafeh np.hstack() T T &ferst
(horizontally/column-wise) &9 T Sedr 2

T T forTiSTd SET (Splitting) T T T 3 BIE W H Sied 8

np.split() HFH T ol GHE 9T forarford et ©, STeifeh np.array_split() 3THH (unequal)
forret <t s7mfa <ar 21

U 3ThR 3T (Reshaping) T o et dedl shl HEAT Saet foiAT 38k SR (shape) 1 s&erdT 8
np.reshape() T ohT SUANT T 3l T ATHR H Fgei o oAU foham STt 2
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® HHdT hidT (Flattening) 6|f{;’I‘H'I?TITI"T T ravel() IT flatten() <hT TN Fleh Ueh-3TTH (1-D)
T H giEfdd s 2l

® 3TN ST (Resizing) T o ST shl SIgeldl & 3 np.resize() T IUFNT shieh el sl AU
(repeat) IT T2 (remove) e 2

® NumPy ¥ np.newaxis IT np.expand_dims() 3T SUINT ek T ST (dimensions) SIS ST
G &l

® np.squeeze() WY ITHR | 3Tt A= (dimensions) kARG

o I ot QU HETCH WisHaTE 9 ST He i e erd ST i ot  Fererar Jam ! 2l

YT ITT e A

A, Tgfarered T Tt

1. -8 NumPy HaR fhHT HIS[ET 3767 (axis) o €T aT T T SIS o (7T STANT fofat ST
27 (37) np.split() () np.concatenate() () np.reshape() () np.resize()

2. FHIF-HT B UL ol Seldd/ HEATER (-1 / row-wise) ¥ 8 SISdT 82 (37) np.vstack()
() np.hstack() (¥) np.dstack() (<) np.column()

3. I A B W H &GS (T9T-a/column-wise) BT ¥ SgaT 82 (3) np.vstack() ()
np.hstack() (¥) np.vstackaxis() (§) np.row_stack()

4. ST AT S Rl Tt am e o fornfsa s 22 (37) np.concatenate() () np.split()
(¥) np.reshape() () np.ones()

5. ohI9 OT GaT foRell UL oht STEET 9T H forerford s sht ﬂﬂﬁéﬂ%" (37) np.array_split()
(<) np.split() () np.concatenate() () np.arange()

6. THI-HT He T o ST ol get ToHT SHT 3TN (shape) Tt & feTT I9=mT foham SiraT 272
(37) np.resize() () np.reshape() () np.split() () np.stack()

7. -1 B U Sg-STTH W T 1D W H qREfdd sHdT 82 (31) reshape() () flatten() ()
concatenate() (%) split()

8. THIF-HT % W H ATHR | Tl AT (dimensions) T &2 o T Iw=AT f3ham STrar 82
(37) squeeze() () expand() (H) reshape() (%) join()

. Tw T W
1. @ﬁEﬁ?{:ﬂ(JoiningarrayS)WW%a'Tg@aﬁﬁEW@@ FEATE
2. Ha T ol FEATER (vertically) €9 & SigdT 2
3. WaT W 3T &fesT (horizontally) &9 ¥ ST 2
4. e W 3l 7T TN (structure) T TEAdT B
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5. BT T 8 TR | aTel AT (dimensions) ARG

. e T 3T a1l

farTsi (Splitting) Toh 518 T 1 BT W # ferefre shtar 21

reshape() WaRT ToRel TLH Tl ol el ST S&et Hohdll 2

resize() HerT dcall Sl SIEXl IT BIET L TehdT 2

np.vstack() BT T ohl T9-IR ST &

e (Flattening) T Sg-STTATHT T 3 Teh-STRITHT T H Tiafid aha

A S

g, oY I O

NumPy ¥ T Gl a1 206 (Array Manipulation) T 82
T ST o1 T 379 27

np.split() 3R np.array_split() % ST T 3 22

NumPy wH : ATRR Tl (reshaping) =IT 2

T T THAAT (flattening) =T 7

reshape() R resize() & sfter e 3t feafaw?
np.expand_dims() <hT ST T R?

np.squeeze() FAT hLdT 27

® N R W=

O 3. NumPy T SUZNT shich T EHIOTAT

(Array Computation using NumPy)

3 IR T ! EHTE o S H || 319 377 SIS 8, @ Held 3, 3T foiell bl 701 #hd 3,
3T s T LA o st fornforg st 81 3 |eft oETd € 3t a8, NumPy @ W Tt i
HIT TiOT SsRaTSAT shl STATT ST &, ifeh SIgd oSt TTd S 3= WeTehdT o |12l NumPy T W
Torfsre= SoraTd L sh1 weh TrfchRITell SR H3TeT qliehl J&T shid €| 3 |ishaTd qraie e giemt
T TN LA 61 T H, Ty &9 & 91 ST % 61 5gd ot 8

102



Real-Life Calculation €<—> NumPy Array Operation

T LN
| Expenses
~
o

mdding Income (Addition)

income Sources ]

0 Adding Income (Addition)

Total Income

Income Sources

1 Part-time

NumPy Idea: [ 30000, 5000] = Sum

i e Paying Expenses (Subtn;ﬂaction) j

' Expenses | Total Income
| Ssalary 30,000 I o = = | T 25 000
. Part-time <¥5,000 2 i

NumPy Idea: {35,000 3}

e Recurring Bills (Muttiplication) |

Electricity Bill ] M;nil':ly T 1500 < =3
I Monthly ‘ < 15,000 > 13> - NS
| o T1500 _ﬂ ololo

—» 1500 < 12

0 Dividing Savings (Division)
Savings 12,000 )

$ < 4000 each

>

NumPy Idea: 35000 — 10000

e Recurring Bills (Multiplication)

B ——
Yearly z1a.ooo)
Z 18,000 J

=

— 1500 x< 12

o Key Idea.

NumPy allows computers to perform
~” Addition ~ Subtraction
~ Multiplication " Division

on arrays of numbers quickly and

accurately, especially when =
working with large datasets.
o Key Idea. 5 e

~ NumPy allows computers to perform
" Addition « Subtraction
~ Multiplication « Division

7%3"3.]:NumPy F qre qIfd Gl BT JTET
T G H, AT QR SRR HiRATE (SIS, HTd, U, ) ST (0T |sRard (HTish, HTdieh,
qUTieh WRT) S H eFH BT 31T 1T, HIE, UGS SR AT freret S §H S sl AN T
oft T 3R e Sedte 37 Ziadist Stelt Afeere wferamsty st uar e
3.1 JTRTTTUTT GTRATT (Arithmetic Operations)
NumPy T 9T IO GisHATE Ted-a’ (element-wise) 31 STl 81 $HehT Adoiel & foh Gisham @@
Haifer deat oh STeeh I O AR I 2
IE A @1 Heed YUl & foh Ted-aR |sRATal o foTu, ST T T HTHR FHM BT <A1, (3T TR
% HTEH © T 2T AT1e0)|
3.2.1 S (Addition)
Tg <7 W o WA dcall ol SISl & IT Ush TSI (Tehed EEAT) 3l T o Tedeh ded H SISl 2
AT +
TeRT: np.add()
IETENT 3.1: 3T UL I SISl

# Addition of two arrays

import numpy as np
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al = np.array([11, 22, 33])

a2 = np.array([10, 20, 30])
# Element-wise addition
result =al +a2
print(result)

Output

[21 42 63]

ITEI0T 3.2: Teh W H AT ST

# Adding a scalar to an array
result=al + 10

print(result)

Output

[21 32 43]

3.2.2. 921 (Subtraction)

I QI T o ETA dcdl ohi BTN & AT Sedeh dcdl H§ § Teh (G #erar 2
AT -

WeRT: np.subtract()

IETEIOT 3.3: 1 U HT 5|

# Subtraction on arrays.
import numpy as np

al =np.array([10, 20, 30])
a2 = np.array([40, 50, 60])
result=a2 - al
print(result)

Output

[30 30 30]

3.2.3. TUIT (Multiplication)
8 &1 T o ETq dcall shi U AT & AT Seieh dcdl i Ueh ST & 07T el 2
JATUEL: *
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WeRT: np.multiply()
IETEIT 3.4: T T 01|

# Multiplication of arrays
import numpy as np

al =np.array([11, 22, 33])
a2 = np.array([3, 2, 1])
result =al * a2
print(result)

Output

[33 44 33]

3.2.4. 9T (Division)

I ST UL o T Aeall bl forTioTe ShEdT & I1 Yeieh dcdl ol Ueh 31fewr & fermnfora shar 21
AT /

et np.divide()

IETEAUT 3.5: T HT 91|

# Division of arrays
import numpy as np

al =np.array([11, 22, 33])
a2 = np.array([44, 55, 66])
result = a2 / al
print(result)

Output

[4.2.52.]

3.25 Q;U'I'i?l'? HTT (Floor Division)

I8 UTeh TorTSI AT 2, I8 TRUMH o XTHeTd | i el odT &
FHATRE: //

WeRT: np.floor divide()

IETEIUT 3.6: T AT qUTTeh WIT|

# Floor division of arrays.
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import numpy as np
al = np.array([10, 20, 30])
a2 = np.array([44, 59, 62])

result =a2 // al
print(result)
Output

[422]

3.2.6 TR (Modulus) (STTTeT)
g W o SI1E I ohi TTUMHT ST 2
AT %

WHeRT: np.mod()

IETEA0T 3.7: AU sk

# Modulus operation
import numpy as np

al = np.array([10, 20, 30])
a2 = np.array([42, 55, 66])
result =a2 % al
print(result)

Output

[2156]

3.2.7 91disk (Exponentiation)

Ig foret UL 3 Ycdieh dedl ohl Teh BT ek SIQTdT 2
AT, **

WeRT: np.power()

ISTE0T 3.8: HT1eh|

# Exponentiation
import numpy as np

al = np.array([0, 1, 2])
a2 =np.array([4, 5, 6])
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result = np.power(al, a2) # al raised to the power of a2

print(result)
Output
[0164]

3.2.8 SFETIUTA W YT (Broadcasting in Arithmetic)

NumPy T G 1 STANT e [T STmepfadl o T W |iRaTd R HehdT & Ford ST
(broadcasting) FeT ST &1 DI W ol e W H "JETHA" foram SITaT & q1fer 3k SATehI T 21 ST

3QTELUT 3.9: JHI0|

# Broadcasting in arithmetic
import numpy as np

a=np.array([[1, 2], [3, 4]]) # 2x2 array

# Broadcasting a scalar
result =a + 12

print("Array + scalar:\n", result)

# Broadcasting a 1D array

result = a + np.array([1, 2]) # 1x2 array is broadcast to each row
print("\nArray + 1D array:\n", result)

Output

Array + scalar:

[[13 14]

[15 16]]

Array + 1D array:

[[2 4]

[4 6]]

33 F@W (Aggregate Functions)
I AR HUT QU AT foelT forfRe ster o wrer wehet ToTH ST TUHT R B
np.sum() : Tt Teal o AT Y TUMET FAT B
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ITE0T 3.10: T deal ot AT

import numpy as np

a =np.array([3, 5, 6, 7])
print(np.sum(a))
Output

21

np.prod() : Calculates the product of all elements.

np.prod() : Tt T o UM T TUMT T 2
IETEOT 3.11: W Tl T A

import numpy as np
a=np.array([1, 2, 3, 4])
print(np.prod(a))
Output

24

np.mean() : Gt Teall o STET (ATET) HT TUET FHLAT 2
IETEA0T 3.12: T Al o HTEA|

import numpy as np

a = np.array([5, 6, 3, 4])
print(np.mean(a))
Output

4.5

np.std() : AT for=er sl TUHT AT &, ST AT @ fob SeaTd ferat Sefl 85 &
IETEY0T 3.13: A farae|

import numpy as np
a=np.array([1, 2, 3, 4])
print(np.std(a))

Output
1.118033988749895
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np.cumsum() : SR AT 6T TET H@T |1 (34T, [1,2,3] % I -> [1, 142, 142+3))
ISTEIOT 3.14: T==ft )

import numpy as np
a=np.array([1, 2, 3, 4])
print(np.cumsum(a))
Output

[13610]

np.cumprod() : E<r! UGS shl TTUMT el 8
IETET 3.15: Tl oA

import numpy as np
a=np.array([1, 2, 3, 4])
print(np.cumprod(a))
Output

[12624]

Hfgera AThaTd: np.dot() : 3 T T A U (SFE IcUTE) el 2l
ISTET 3.16: SIE 3|

# Matrix multiplication
import numpy as np
a=np.array([[1, 2], [3, 4]])
b =np.array([[5, 6], [7, 8]])
result = np.dot(a, b)
print(result)

Output

[[19 22]

[43 50]]

3.4 TreRTuTf = W (Trigonometric Functions)

NumPy Hrhoriaetar TomTsty o foTe off e Y™ T 81 10T ol HSa= | EHT 1T ST ek foh
giated 7 feram sty

np.sin(), np.cos(), np.tan(): TS, AT 3T Iie T TUHT |
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np.arcsin(), np.arccos(), np.arctan(): sJcshH BTl wetat &t ToET S T I T i
AT €

np.radians(): feaft = tfeem o ufafda war 21

np.degrees(): (g =1 feft 7 uftafda s 21

np.hypot(): Th RO ﬁ[ﬂ\_rfa? 0T Sl TOHT LT 2

IETEOT 3.17: Brehiorir e e

# Trigonometric functions

import numpy as np

angles deg = np.array([0, 90, 180])

angles rad = np.radians(angles deg) # Convert to radians first

print("Sine of angles:", np.sin(angles rad))
print("Cosine of angles:", np.cos(angles_rad))

print("Tangent of 45 deg:", np.tan(np.radians(45)))

# Inverse sine

print("Arcsin of 1 (in degrees):", np.degrees(np.arcsin(1)))

# Hypotenuse of a 3-4-5 triangle

print("Hypotenuse:", np.hypot(3, 4))

Output

Sine of angles: [0.0000000e+00 1.0000000e+00 1.2246468¢-16]
Cosine of angles: [ 1.000000e+00 6.123234e-17 -1.000000e+00]
Tangent of 45 deg: 0.9999999999999999

Arcsin of 1 (in degrees): 90.0

Hypotenuse: 5.0

I (Summary)
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® NumPy W W dftsr sferiorciier 31z Torcfier foramd s ot gferem 2am 21

o W T fopamd 9ca-am (element-wise) 3T ST &

o ToRamd S 3 fTU @ ot 3TTRI U 3T 1T (compatible) BHT =R

o T foRaTal W Sire, Hera, U S | I 6

® NumPy TR feafio, Aigge® 3 i (exponentiation) SET ATl o1 +ff wweiA 3aT 21
® THUT (SIS o HTEH & ST-ITHT TR o T 7T ot foramd it ST wrehelt €

e sum(), mean(), prod() 3T std() S THT (TFIE) BT T o THT THT h! TUMT Hd 2

e NumPy Afe TR AT S Tieae o1 ot auelT iar 2|

® IE sin(), cos() N tan() S FHrentorfirdia herm oft T T 2

o T RIS FHeTeT HREATH, TUHT TR ST fr=dwor § weraret s &

AT AT S

. Tgfarehedta T

1. NumPy ¥, W 9T FHiordta fsRamd i St 8 (37) &0 &9 F(Randomly) () dcd-a)
(Element-wise) (H) FHa Ufth-a (Row-wise only) (<) FaA FY-AR (Column-wise
only)

2.  NumPy T H oI (Exponentiation) & ToTT -G AT T TN BT 2 (37) A (o) **
®) % () //

3. AT o fRet O ok Tuft dedi o1 AT (sum) FeRTer o fore 3w 21T 22 (27) np.add()
(&) np.sum() (&) np.mean() (§) np.prod()

4. SHIF-AT B fRET W deal @1 3G (average) W HerTe o foTq SU=T gt 272 (39)
np.sum() () np.prod() (¥) np.mean() (<) np.std()

5. favrT & S1e %A (remainder) 3 ATet fSRAT SBH-ET 82 (31) WA (Modulus) () ST
(Division) (/) TUTT (Multiplication) (<) STIE (Addition)

6. NumPy ¥ 8fdsq UM (matrix multiplication) % T FIF-AT Ha STANT BT 22 (37)
np.multiply() () np.dot() (&) np.sum() (§) np.prod()

7. A NumPy o feaft (degrees) EARVEDE] (radians) T SEeAdT 87 (37) np.degrees() ()
np.radians() () np.sin() (3) np.cos()

8. ULk dcal ol A (aaei (standard deviation) FrpTem & ToTT -1 T U= BT 22
(37) np.mean() () np.std() (&) np.sum() () np.add()
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ERTGADIE RN
1. NumPy JFemfordar fsramd Rk | LT B
2. BRHE @ﬁ%mmaﬁaa(mean)aﬁmaﬁwél
3. AW T YA Higgerd (modulus) foraT o forg forar Smar 21
4. BRHE T e o el AT (cumulative sum) T TTOHT HLAT 2l
5. ﬁﬁ?ﬂ? T (matrix multiplication) HH o foTT o T ST fehalT ST 2

. 9 IqT 31T Id10

NumPy &t fopamd (operations) 9T foree (Fljﬁ) Y Toramaty <t qaT T efief} 2reft 2
JEIT (Eﬁ?ﬁh‘l'i@T) ot st (shapes) T Wk s aﬁﬁmﬁaﬂﬁaﬁgﬁmémél
TR feefiem (Floor division) iU % GITICTS 9T 3l 2T <dT 2

% np.prod() T o Tt dea 1 U (product) T TUTHT LT B

NumPy T Bt (trigonometric) BT o foTg o (angles) feam (radians) g
R 2

A

g, oY SeE O

NumPy H T GIUMT (array computation) FT 82

NumPy o JETT (broadcasting) T BT 87

BFH np.sum() T HLdT 82

np.dot() T LI T B?

np.std() T TUET AT 87

T (division) (/) 3T qUITeR 9T (floor division) (//) H T ST 22
NumPy T IUCASH 1S &f FARIoTiieter (trigonometric) B ford|
np.cumsum() T T ELAOR Y

® NS N kWD =

UfiIT® I: NumPy W 22T Uk

(Data Types in NumPy )
NumPy SISt #edT § ST YR T THIH LT €] TET FH© AHT T 9T 1T &
1. quTieh TR (Integer Type)
QU1 ST oh1 TR A o (7T ST fofa SITaT 2
T TER | foraror EE{EIU)
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nt8 8-fare EWTWE{\UI'T% >>> np.array([127, -128], dtype=np.int8)

uint8 8-fore sTeEqTatied quiteh | >>> np.array([0, 255], dtype=np.uint8)

intl6 16-fore gwaraf W >>> np.array([-32768, 32767], dtype=np.int16)

nt32 32-foe gxaraf@ qgl'f% >>> np.array([1, -2147483648], dtype=np.int32)

int64 64-fere swaaﬁ?rtrﬁm >>>np.array([1,-9223372036854775808],
dtype=np.int64)

2. FAITET-UTEE kT (Floating-Point Types)
Temerd foig aTelt SeaTs it o fore SuRinT forarm ST |

EARE AR E L) ISTET

float16 3T?JQ-CI|\ISOI@E|I >>> np.array([1.5, -2.5], dtype=np.float16)

float32 W—CHTSOI@HI >>> np.array([1.234, -5.678], dtype=np.float32)

float64 gred-Y itﬁo@al >>> np.array([1.123456789, -9.87654321], dtype=np.float64)

3. aﬁv—rw (Boolean Type)

T IT AT HFT o [T SUFT fohart STTa 2
TWITHRR | Torewor ISTEOT

bool Ejﬁﬂ'—r BEEALY >>> np.array([True, False], dtype=np.bool )

4. T weR TR (String Types)

TS HUE i o TIT ST foka St 2
T UERR | forawor EEELU]
string_ ffga-smR ASCII ﬁi"T >>> np.array(['a’, 'bc'], dtype=np.string )

unicode | Fra-atmeR Ffvehe R’ | >>> np.array(['hello', 'world'], dtype=np.unicode_)
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Higde 3. ST farsywur

(Data Analysis)

Higder Hierd T (Module Overview)

T ShITSI Ueh GohTER T, ST ST+t afeh forshl 2t weh =it H forrat 21 aife =7 =it sheret weand
2l feardt 8, a1 T8 THeHT shicd 81 SiTar & foh shiq-91 Scure e S1fieh foreh T R a1 0 o ey forsht
T T ST 3T T&T | Afh IS I8 37 SATehel bl Ueh dTicTehl § AT SHidl 8, T TUHTST o
AT H IART ToSo0T LT & S 378 UTHh o &9 H T LT &, q1 98 S § Yo qge=r dehel

2 3R St Fofa & Tendt 81 =T Sat fasgwor (Data Analysis) W@@W%—W%ﬁﬁ%ﬂﬁ
ITATT SRR | sea | Hae shidT 2l

‘7 ." J Organizing and
-

understanding

m i fales data...

r—e / w Analysis & Calculations Sales Trends

' Total Sales: 302
Sales Data Avg. Apples: 39
Day | Apples | Bananas | ies .
Usin hon
Tue | 40 22 25 ﬁ

t ! ! Lo [ § - u Apples Bananas ® Cookies
wed | 35 | 28 | 20 Ned oo #4237\

|Thu | 35 | 28 | 20 W, \/\} —

'Fri | 45 | 35 | 30 | NumPy Pandas Matplctlib L)

F=I7 3.0 TSI RT3 GreT 32T 195359 GigT
EETE (unit) T AT TG foh qraree (Python) st AT S NumPy, Pandas 3R Matplotlib
T I ek ST ol ¥ HHTAT ST, IHHT T wor hd foarm ST ST 3 hd el foarm STTe) se

T ATARIY ST T AR AT h 3T A | IS o UTh I doh RGN I 3TTIhT STEdferoh
Sfa 1 221 foegwor o fore e it sivet YeM © | #ag i)

2Af2ATH ok URUTTH (Learning Outcomes)

TH AT ol I L o S1G SATT F&TH B

o IrEdforen Site fRurfaat o 2er fasdwor o yeee skl gwgim|
o ffir werr 3 2T 3 Ik UfdfHierea it g i
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® NumPy, Pandas, 37K Matplotlib €} U9 ATEsit 6T SUFT |
® F=d 7 (raw data) T o Tt (qrfetshTedl) § safeed i
o Ffaral S fordwour ST Tt i

o 221 I feraITsst it o foIg =mé ST U s

o S vl o o fotu Y 37w shi samea |

HISIA GEAT (Module Structure)

T 1. 9" &1 9= (Introduction to Pandas)
o 2. gied €St (Pandas Series)
T 3. Uied S2hY (Pandas Dataframe)

T 4. HeTAIR AT 1 STANT #leh ST [oS[3TATSSIT (Data Visualisation Using Matplotlib)

T 1. AEd T U=

(Introduction to Pandas)

AT HITSTY fof T 1T et o |vit ool o tent 1 weler 3 @ €| AlQ 98 ST haet T
=il H Tl 2, ol STedl @ I Well T hiST 2l STl & foh ITUT i @ AT shefl hl S fehr 2
AR Afe T2t ST HL W T AT o o &9 H [T ST, AT 3T 3 I hl L ST BT
Hohd 3| TTSH BH UTAe H 31 $HT Yo 2T o |1 3h1H i H 7ag dT o, St foh ot 1.1 9 fomm
T

Topper: Eva

Name | Math | Scence = Engish | Mistory

Alice 85 78 92 88

Bob | 72 65 70 60
Chende | 91 | 89 95 94
David | 63 | 75 | 75 | SO
95 | 75 | 98 92

» @ Class Average: 79
>

[ )

000

Eva

Name | Math seience | English
e e %

® pandas

o 1. 1: 91Sq 3 a1l [aermeff 37 &1 G137

59 @ | 3 €l foh Pandas @1 8, I8 WTURYT [ofee 1 qoT H T S8k & a7 $6eh 0o 221
RT3 (data structures) S Series 3 DataFrames 3T &l ST 37T SWINT foR ST 2|
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1.1 ufe

TS Teh AT 9 TRIeH ATgsRT & FSTEehT ST e & &1 s i o foru foham iar 21 30
IR T 31 A8 SHET ST EhdT 2, ST Excel # f&@TS 3 ATell Soio® ol ST S Jeiferd s §
TEE FAAT 2 € NumPy T GO TTgo o ST ST @ 3R 32T F1 13907 (analyze), AT
qmTg (clean) dT SEEL] (explore) ST TG HATHTT ST Tar gl

Pandas ﬁaﬁg@%awﬁ (data structures) BT 8, ST ST ol ST Rkd i | Heg hid o ST
(Series) 3T STHRH (DataFrame)|

Y "ITEE" I1eE " §7e7 32T (Panel Data)" 168 O 3T &, foreept ored a§-3TI'€IT5I°r (multi-dimensional)
2T AN ST A T Teh qlenT O 21 38 2008 T 99 Akt (Wes McKinney) = ST 9|

1.1.1 UTSH hl STTAIIHRAT?

HTY EI Hohd @, Toh |TERT T (list) AT W6 (dictionary) T START &1 A L2 AT ST T
farfara 327 TeTe (Mixed Data Types): TTaH 1 Teh ATEROT G (list) HTHAN T T & FeRR AT
27 Wt 8| &l Pandas Y dATfetehT AT ST (DataFrame) T U € TIM W TR AT U3 (M),
TEATE (37eh) I ARG (SIS S-S Shictd | Wl ST Tl 2

IUTIT & ATaTHT (Easy to Use): Pandas T S{et AT S8 T3 T ST Al 6T, 3 ftheat ST
Wﬂﬂ@(group)ma@WﬁW%l aWWPythonﬁﬁ%%@ﬁqﬁﬁﬁwm
AT Tgar 21

3T 32T (Organized Data): ST T T (Tt TTH 3T UfRE & e BId g, (ST I8 U
SIgd HTE &1 ST & T ST T 31T 21 T8 Ueh |TEor gt (list) sht e 7 SAfereh saaféerd 2
1.1.2 31TY UTSE & T AT ohT Tehd 82

Uiey ST faogwor o ot uan 11est SUshivr ® iifeh I8 ffeiRad st sl et ST &:

2T HETS (Data Cleaning): 3TITRYd I fNRER ST (S AT HI) <hl 3teh LT

T uftaa (Data Transformation): AT T o JTEYT hl STEHT|

e o (Data Merging): Bl ITCTT-STHT SITHT Tl Teh TTY S|

%?.T'%%N'UT (Data Analysis): 3ﬁ'ﬂﬂ, I TR T m?ﬁf ST § TET T

1.1.3 NumPy 3 Pandas & =1 3R
NumPyﬁTPandaSﬁﬁa@mﬁwaﬁaﬂi@ﬁﬂWW%ﬁHW%mm
ST 2l W@W@Waﬁ%

Tersrear NumPy Pandas

116



g'@zra%w GrTAY qT T foRaTd S| aff YR & I HT TS (manipulate)
IR fasgmor (analyse) ATl

BETTUTEAT | W (Arrays) — JHT G 1 wah firg | €0 (1D) 3R S2%6A (2D - Ueh dtfeteht
(STTeT) o &9 | 21| &I T

TSI THR | I8 T & YhR o6 22T (S8 A STy | T &1 aTlereht § fos= JehI o T (e,
o G e 37551 hTH HLdT 2l TEATE, TR ol ETeT HehdT 2

ITANT | | 3OH AU AR FMH T&F HET | GHT FHET & (T 0 3R ST-Ea0

AW | ggaT R (high-level) FHTE & FHLaT &

1.2 UTe® LA (Installation of Pandas)

Pandas 3T ST 3L o [oeTT Terl T8 I8 YT AT AT & foh 310k HEH Python FEA
il

e foh UTU $6eter § O gl

T FHATE UIFC (IT i) ol Wiet 37T T 2139 i

Qﬁg!W!!W! wg!!!ww!%ﬁ Python s’vfm!l fe

T, AT 3TTYehT U8t Python 5Tl sHAT BTN
Pandas $ETeT hi:

SIS TR AR Bl ST, T AT pip THF I T STANT ek Pandas $EIT L Hehd ol 30 FHIS
Yiree o fmfeiad i gy i
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C:\Users\GFGA37! ' 5
Defaulting to use normal site-packages is not writeable
Collecting pandas

Downloading pandas—2.1.3-cp312-cp312-win_amd6Y4.whl.metadata (18 kB)
Requirement already satisfied: nu >=1. users\gfg appdata’roam
Requirement already satisfied: pythe 3= in c:l\use Fge371\appdat

Collecting pytz> .1 (from pan
Downloading pytz— 1
Collecting tzdata=>=20 (from p 5
Downloading tzdata—2823.3-py2.py3—none—any.whl (341 kB)

eta
Requirement already satisfied: ¢ .5 in c:\users\gfg@371l\appdata\reoaming\pyth
Downloading pandas—2.1.3—cp312—cp312—win_amdéd.whl (18.5 MB)

Downloading pytz-2023.3.postl-py2.py3-nene—any.whl (582 LB)

Installing collected packages: pytz, tzdata, pandas

IE FUS Pandas ATSS Rl SIS 3 36T T
319 hIg W Pandas $FITE Y (Import Pandas in your code):

LAY o 1€, SHRT ITANT hid o oI STTTehRT 8 79 TR TUTH § TFIIS ShidT BT STTHAIL 9T
3H ek DI M (alias) pd 3 TT SIS f3hAT ST 2

python

import pandas as pd

37e B AR pandas i@ Y areirr o119 T pd forest s st Tehd 2

1.3 Wﬁ‘éﬂm (Data Structures in Pandas)

ieH ol &1 AT 2T TS & [STehT 3117 Herdl Sfersh IR hil:

EEici) (Series): I8 Teh Teh-STRATHT (one-dimensional) ﬁaﬁﬂ?ﬁ T BT 81 39 37T d1feTenT o Th
THICTH (Tehed TAW) & &7 H G0 Gohd 2

2eTRT (DataFrame): I8 U SI-3TRTHT (two-dimensional) NENRN? ST WA BT 21 39 A
%3 UREAT (rows) 3T HTeT (columns) me%mﬁmmél
2R o ohs HIST 3Tesiae T 9T she L o & § U Hohd & STHA H Tcdeh &Y Tk Hi R
T 31T 379 SHTT | Teh S2THA o Teh UL 3Tl §1< Gehd 2

Name Age City
Asha 20 Nagpur
Boby 22 Bhopal
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39 dTfetehT § 'Name' &9 (TcTH) Teh HIST (Series) 2, 'Age' EFIVEFE;FIﬁ Series & 37 3 JehT 3
ShicTH ot STAT-3TAT Series BId 2 ey qrfetent fiiciet Wk DataFrame SHTd 21

RIS AR SR 6T TorT
Teroraar S (Series) Al ) (DataFrame)
AT (Dimensions) | Th-3TATH (1D) - (2D)

TTEET (Structure) | Uhol &9 AT T I AE| | T HYUI dATiorsht AT SIS hl Ll

HRIIT (Summary)

® Pandas ST farsgwor (data analysis) % ToTT ST <t ST et ueh Python?ﬂ%@ﬁ%l
® I8 NumPy % FH TTETRA 2
® 3uH 2 Y T2 HTEATE BIdT &: €IS (1D) 3R S6A (2D))

® T ST HI ATH FLA (cleaning), ICIEE) (exploring) SR ateT (manipulating) % few BN EEpIK)
2l

o T fIfyre Wohm o 22T (BT, 2o, i) hl SIgd 7= qig SwTerd] &l

AT W ST

A, Agforhed T g

1. ORI W Ui (Pandas) 31 & &9 8 START fohteh foTq o ST 82 (37) SerdTse s (3)
T o |1 HATCH TTUMHT B (H) HRUMeIg ST 6 |1 shTH HAT ST N IHHT T wor e
(3) S g T

2. YIS -6 a1 qed 21 HTEHTE TEqd HLdT &2 (37) Firar 3T IeaehisT (o) T 3R Afead
() GHST 3R S2RA (3) < AR Tue

3. UieH ¥ Ush-ARMH At Il W e § ¥ S 97 82 (37) SR (F) WS (3) T (3)
SlINED]

4. U YieH SIT%A fohdeh THT BId 82 (37) ST T Ushed hictH () Ul 37T shietd arelt -
HTITH! ATICThT () Teh WL AT (3) Teh TTOT T FHiehor

5. 3O ITHYH IS U UISH ohi ATHTIT: hdl SFAIE hid &7 (31) import panda () import pandas
as pd (¥) include pandas () use pandas

6. UieH foR 7= UTRIeH SATSSI o UL TEMRA 82 (37) Matplotlib () Scikit-learn (8) NumPy
(@) SciPy
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7. my_data T % DataFrame 1 [&AT! %% Ufthal S o o hIH-8T e ST Hil?
(37) my_data.first() () my_data.top() () my_data.head() (§) my data.start()

8. UISH o SITHH AT EIST H NaN T SR1idT 2 (31) T o SR AT (o) Th R /i (W)
SATIAT AT STARATINT ST (3) T 0T A

9. e 3T [10, 20, 30] et Gt & forT 29 U Series TG &, A fewice seam w1 B2
(3 ['A','B,'C'T (#) [1,2,3] (@) [0, 1,2] @) [iteml', 'item2', 'item3']

10. gieH o0y €7 ¥ for TohR o 2T 6! HTe H 39T 22 (37) BT (Images) () AREfiag
2T, S8 Wefie (7) AT BIedd (3) M ST

ERTGRDIEE

1. Ui U KIS Trre Argsil & Foraet Sw 4ed &9 4 221 S fersgmor
o fore foma ST 21 aiew § a1 T ST HraTd HiRiS 3iT €| U uied HilS
TH -SATATHT TSI ATAT WL 81 Th IieH SeHRA T - 3Tt
(dimensional) @aﬂﬂ?ﬁ TRl 2

2. Pandas DataFrame Ueh -SATITHT drfereRT 3T TWesfie o gHE 2iaT 2

3. Waﬂmﬂﬂ“@ﬁ%%ﬁ,Gﬂqﬂlﬂ?ﬁTﬂgﬁimportpandasas T ITANT
ok SIS hLd Bl

4. dbieE AT 6 KL ATHTNG 2, ST FH=1A T AT T&H Ll 8l
df. 0 Terg T IUAT DataFrame df @W@W%@%%mﬁw
ST 2

6. Wﬁ?ﬂw?ﬂﬁm(missing)@HﬁgﬁﬁWWNaNa?WﬁmﬁTW%,%FFIW
SRR a Numberl

7. Sfer foRet ‘élﬁ (list) T form 89 fU Series TS ST 2, dF feWhice sead E[\UTTEB (integer)
senfea B g, & A

8. WWW@W@H(stmctured)@?f%wwwﬁ@ﬂ%,%Iﬁeﬂw

2T el ST 2l

. e AT HeT AT

TTSH Teh TR TSR & TSTehT SURIIT derarge siAT o foru feram Sirar 2|
TS T 3 T ST HLEATE HRIS TR ST 3

T qigH ST Ueh S1-SATH (two-dimensional) @W’{Ifﬁ W

Teh JTSH SZTOHH Ufhal 37T T ITell Ueh dTfetehT i aiE 2

3T TR 9T I7S8 bl import pandas as pd T STTNT &Hleh SIS Fid &
Iigd Matplotlib SATSSHY & HUT 3Teid 2

AN O

120


https://data.top/

7. dfhead() farfer Semem it sifa 5 dfrat feardi R

8. Uied H NaN &' 37 "Not a Number" AT & 1 T& ATIAT IT IS ST ! 2017 2
9. & 3T foReft Feht & T WIS aTd €, A fewiee 3999 | ¥ & ram 8l

10. Tied Tefie S o aTel 32T i SvTer H agd 37a 2

g, oY I O

Python T gy (Pandas) FATE?

qieH Sl $ERI Hi?

HRIST 3T 2Tk o s RIT ST 22

Uied § ST GEATSAT (Data Structures) o o= YR s1a15U)
uied # €IS I aftiiag i)

TieH § SeThRA Rl IRTiYa Shifsru)

e H gahieh (index) T BIT &2

NS kW=

T 2. uisy "t

(Pandas Series)
S At 35 AT o e gl 36 it AT ST 3 B el o w st s 3 e & iy
afe 3 3T Gt STe-3TerT &, ar forelt IR T e et qfvehet B ST 21 feh SR 31T & AW
=1 IWeh FoI o W1 S <, T I8 W HATEM €l ST 2] Th TieH Hist «ft forespet €T s Lt |
IE TS (¥ W F91) I T THaIet (STH A1H) o |1 SIS 8| I8 Aeerdeh $el U |IemoT F=i i
T | 3fereh STfhRITedt BiT 2
30 U 1, A9 €T foh HiST (Series) 8 TS ST &, 3k 227 bl hdl THE foham ST & 311
IEehT oIy GlorersAl (features) 3T ST &l FohAT STTT 21
2.1 aie
Pandas?mpfSeries@?ﬂ'l’éﬂﬁ(list)ﬁﬁl%@ﬁ%lW@aaﬁ@ﬁf%%ﬂfﬁ@?ﬁ% R IAF
S % WY U MR Aot 2rar 2, it Ferehieh (index) &1 STAT 81 I8 index ST i e, ST
mwﬁﬁaga JATETE 4T 2T 81 3717 Series ﬁﬁ@T@,mmmPythonmﬁﬁ@'{W
Hehd g
2.2 "t 1 FRmtor (Creation of Series)
Wﬁﬁ?@ﬁﬁ@ﬁmﬂ?wm% t{%@f, pandasgtﬁéwm(f@@l
1. Ueh @TEAT WRIST SATET (Creating an empty series)
7 ToT forelT 22T o Ueh | ST 21 98 o ot foTe § Ut Te =8 A1essh a1 St & 2
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import pandas as pd

empty_series = pd.Series()
print(empty_series)

# Output: Series([], dtype: object)

2. Wﬂﬁﬁﬁ'ﬁﬂiﬂw (Creation of Series from a Python list)

T T TTHTT T 81 37T pd. Series() § T G (list) 30 & 3R Pandas Ta: & 38 0 F & &
1T TEATHS (numeric) $SHF TS L T 7]

import pandas as pd
data =10, 20, 30, 40, 50]
series = pd.Series(data)
print(series)

# Output:

#0 10

#1 20

#2 30

#3 40

#4 50

# dtype: int64

3. 9Teqeh 19T (Dictionary) & HHST st fAwtor

STel T4 dictionary 3T TN L &, A1 38k keys (3HISHAT Geiohioh) S8 laiet o SITd & 3 values
ST S ST €| T8 S ST o6 oTT foleshet 3T el o

import pandas as pd

data = {'a': 10, 'b": 20, 'c": 30}
series = pd.Series(data)
print(series)

# Output:

#a 10

#b 20

#c 30
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# dtype: int64

4. NumPy@ﬁEﬁﬁﬂiﬁrﬁﬂ"'ﬂT
IfE 3T NumPy o GTY 19 L & 7, 1 37T T 8§ T W ! HRST 7 98 dohd &

import pandas as pd
import numpy as np
data = np.array([ 10, 20, 30, 40, 50])
series = pd.Series(data)
print(series)

# Output:

#0 10

#1 20

#2 30

#3 40

#4 50

# dtype: int64

5. A9 (Scalar) AT & T <1 Fmior
HTY T €IS ST Hohd & ST81 Sedeh HI SHH 2| SATTeRT 36 ST o 17T Teh Feiohieh Y& AT gl

import pandas as pd
scalar =10

index = ['a', 'b', ¢!, 'd", 'e']
series = pd.Series(scalar, index=index)
print(series)

# Output:

#a 10

#b 10

#c 10

#d 10

#e 10

# dtype: int64
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6. range() e hT SUTNT shieh RIS AT fAutor
range() HerTT AT sl Teh 6 (sequence) ST T Tsh SUAT THT 2

import pandas as pd

series = pd.Series(range(1, 6)) # Creates numbers from 1 to 5
print(series)

# Output:

#0 1

#1 2
#2 3
#3 4
#4 5
# dtype: int64

7. et W (List Comprehension) T IUANT shieh WIS T fAutor
it THE TR H FRRT S O HiE a2 T ST ES o e Set s o o SR
IR L TRl &

import pandas as pd

# Create a list of squares of numbers from 0 to 4
data = [x**2 for x in range(5)]

series = pd.Series(data, index=["a', 'b', 'c', 'd', 'e'])
print(series)

# Output:

#a 0

#b 1

#c 4

#d 9

#e 16

# dtype: int64

2.3 WW%WN@T (Accessing Elements of a Pandas Series)
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319 Series ﬁ%aﬁg@aaﬂﬁﬁwwm% 3T TN (position) & TR T AT 3Gk el
(label) 3 STTER W)

2.3.1 STTSRAOT AT 3SR (Indexing)

1. ﬁmﬁrmqgam Accessing by position (using [])

HTY ST HIBH (T siohed) [] S Feorfa Hea (TSR Ferv) 31 ST o e &, folespadl T
T (list) T 7@ e W, et 0 & 3% 2t 21

import pandas as pd
series = pd.Series([10, 20, 30, 40, 50])

print(series[0]) # Output: 10 (first element)
print(series[2]) # Output: 30 (third element)

2. ﬁawmugirm Accessing by label (using [])
Ife Taehl @IS § HEeH el 7, T 3119 [] % et Asiel T STFNT L Hehd B

import pandas as pd
series = pd.Series([10, 20, 30, 40, 50], index=["a','b", 'c', 'd", 'e'])

print(series['c']) # Output: 30
print(series[['a', 'd']]) # Output: a 10, d 40
2.3.2 TATSTHTT (Slicing)

TATSIET ohT 37ef B ST T Uk ST fahTeT| 3119 [start:end ] e o1 3= id &
Rerfar & @rer (With position): end A 377777 787 foha STt 2

import pandas as pd

series = pd.Series([ 10, 20, 30, 40, 501)

print(series[1:4]) # Output: elements at positions 1, 2, and 3 (20, 30, 40)
With labels using .loc[]: .loc[] &It % HTY TAGH LA T SRI(Gd T 2l T@l,
AT F771HT RAT ST 2

import pandas as pd
series = pd.Series([10, 20, 30, 40, 50], index=["a', 'b", 'c', 'd", 'e'])

print(series.loc['b":'d']) # Output: elements with labels b, ¢, and d (20, 30, 40)
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With positions using .iloc[]: .iloc[] FeITrT & AT TATEH T T STITHA T 2l

import pandas as pd

series = pd.Series([ 10, 20, 30, 40, 50], index=["a', 'b", 'c', 'd', 'e'])
print(series.iloc[1:4]) # Output: elements at positions 1, 2, and 3 (20, 30, 40)
Ffera 3T (Boolean indexing)

3T TS TT<} BT ST Shleh Toh HIRIST ol fheet ot Hard & I8 95 SIfchemetT 2

import pandas as pd
series = pd.Series([ 10, 20, 30, 40, 50])
# Get all elements greater than 30

print(series[series > 30]) # Output: 3 40, 4 50

2.4 tri:w#lﬁvraagw (Attributes of Pandas Series)

T (Attributes) 3TTTEhRT ST (Series) o S H SHERRT (facts) I & BId &l 70 STANT LA o AT
parentheses () < I ATITIHAT T2} Bl

N T (Purpose) 3q18T (Example)
(Attribute)
.index ST o et ol SAlerdT 2l print(series.index)
.values A H NumPy T & T AT 8l print(series.values)
.dtype et (elements) <pT A THR (data type) SIdTdT 2l print(series.dtype)
.size qedt A AT AT 2 print(series.size)
.shape TR I Teh 20 o €7 § erdl & (@'@ , (SO print(series.shape)
.name HRIST 3T AT SAleTar & AT | T 2l series.name =
"Marks"
.ndim STATHT ST EEAT ANTAT & (SHIT 1)) print(series.ndim)
.empty Ife dii @Teft @ af e (True) AT 2| print(series.empty)
.hasnans Ifg IS AT I (missing values) (NaN) @ a1 8T | print(series.hasnans)
(True) et 2l

2.5 Uied e <ht fafer™t (Pandas Series Methods)

faftmt (Methods) o e & S €IS ifesiae & Haiferd 81 & 37 22T o &1 8 L 8 39k I8
I () B &
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fafer (Method) | 3293 (Purpose) 3ETEYUT (Example)
head(n) Ugeft n UfREAT ehterar § (fewiee 5)| series.head(3)
tail(n) 3ifem n ufrat dierar ® (fewiee 5)1 series.tail(3)
.unique() feeir AT o1 Toh Q AeTar 2 series.unique()
nunique() rfgeta AT <t HEAT e Rl series.nunique()
.count() AT-NaN AT sl T&AT SAterdr 2l series.count()
value_counts() | A= AT Y TOMT 3 W1 Uk HHS AT 2| series.value_counts()

2.6 WWWW (Mathematical Operations on Series)

1T TS O ST & T 3R Tehd

1. JTF2TT (Scalars) < TTY HISHATY (Operations with scalars)

AT G TS T Tohet AT | ST, BT, U AT 9T T Hohd 8| HfshaT Seidh dcdl T ] gl 8l

Example with Python code

import pandas as pd

series = pd.Series([10, 20, 30, 40, 50])

print(series + 5) # Output: 15, 25, 35, 45, 55

print(series * 2) # Output: 20, 40, 60, 80, 100

2. a‘m‘lﬁmﬁaaﬁauﬁmﬁ, (Operations between two Series)

ST 3T &1 RIS SIS 8, AT ISH FHIE 8| I8 AT b 3Tk HeIehioh TaIet o SR W SIS &, 7 oh
et IehT et o STTER 93| 38 ST (alignment) FHET ST 2

Example with Python code

import pandas as pd

sl =pd.Series([10, 20, 30], index=["a', 'b", 'c'])
s2 = pd.Series([1, 2, 3], index=["a', 'c', 'd"])
result =s1 +s2

print(result)

# Output:

#a 11.0 (fromainsl and ain s2)

#b NaN (bisonlyinsl)

#c 32.0 (cisinsl and ¢ in s2)
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#d NaN (disonlyins2)

# dtype: float64

ST 6 ST S o €, AT 1S G ST SISt 8 o e 2, 1 98 Geiehieh b oA TR NaN
(Not a Number IT=T ST9dT) BIdT &1 31T 37 ATIAT AT bl GHTAT o AT fill_value & 91 .add(),
sub(), .mul(), .div() St fafert =1 STz e &

2.7 QiEd S AT U FieTeh ™ TurET (Statistical Calculation on Pandas Series Values)
HHIST § 9THTT 3TTehel o 18 SAdiTed fafert g1 3 Rt w=nferd &9 8 NaN 91 ol 3HedT shid]
gl

Example with Python code

import pandas as pd

import numpy as np

data = pd.Series([10, 20, 30, 40, 50, np.nan])
print("Sum:", data.sum()) # Output: Sum: 150.0
print("Mean:", data.mean()) # Output: Mean: 30.0
print("Median:", data.median()) # Output: Median: 30.0
print("Min:", data.min())  # Output: Min: 10.0
print("Max:", data.max())  # Output: Max: 50.0
print("Std Dev:", data.std()) # Output: Std Dev: 15.81

R (Summary)

® Series T Tsh-3TRATHT (one-dimensional) Teeigeh T 8 (S¥ Excel H T ie)|
® TRIE AM (value) T 3399 (label) & STST B1dT &, ™ ST % WTH AT STTHH &1 ST 2
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o 3@ lists, arrays T dictionaries O ST ST HehdT 2l
® T .dtype, .index, .empty, .hasnans.
o fafer: .head(), .tail(), .count(), .unique(), .value counts().

o SR EfsRaTet oht Teeld eaT & STR weEerd &9 & geenidh ST LRad i &, ATTar w1
! NaN ¥ 9T 8

SO Il ST
A, Fgiaehed T 9H

1. Uied GRS ST o T fohe thereT 3T STt foharm STTaT 22 (37) pd.series() () pd.Series()
(¥) pandas.create series() (3) Series()

2. U Gl yigH H10S o9 o o g&t fHde 77 (3) s = pd.Series(empty) () s =
pd.Series() (8) s = pd.Series(None) (§) Both b and ¢

3. URIY YehIRT § UiSH HHIS ST WHA, YSGeRI H HGAT (keys) fewice w0 @ a1 59
ST €7 (37) SRS o 7T (&) SRS 1 ST TR (§) EHST o Gaehich oo (3) HIST o1 8

4. TwfAfad § € i &1 Uk qisd WIS ST St @t dedt 361 7 5 &, Foraw gerehies cad
a', 'b', 3 ¢! &2 (37) pd.Series(5, index=["a', 'b', 'c']) () pd.Series([5, 5, 5], index=['a’,
b, 'c¢']) (§) pd.Series({'a": 5,'b": 5, 'c": 5}) (]) IULE Tt

5. ﬁW@NumPy@ﬁ@Wmﬁm%ﬁWﬁﬁgﬁW%ﬁﬁw
Fehieh &1 BT? (37) SUHTAT el (A, ‘B, 'C'...) (&) 1 & I[E & a1t qUTTeh et (§) 0
Y 3[E B AT UITeh i (3) {SH &9 & Ica ATl aAare

6. TieH HHIS s o fou 221 o &9 7 ffeiiad 0 & fohd $21 TohR A1 ST 61 ST fomam
STT |ehar 872 (37) @Wﬂﬁ (<) T UTIY IT6EhITT (F) Th NumPy ndarray (5) SWRIh
ot

7. U EIIST ST o oTQ ST&T Seieh dcd H Ueh STTGRT 71 BIAT & S S&T [ohT U Felehich shi cialTg
o STUR W IEAT &, SATThT T8 FHLAT BRI (37) T RN HH TR Teh FeIhich 1 TG i
(&) eI T HAT A Y& L (8) hael Toh Gashich T i (3) §6 TE & €IS SHMT
EECE K

8. WWW@?W@WWﬁ@EW@W@M%” (31) .index () .values (¥) .dtype
(%) .name

9. UiSH HIIST T .index TOT T GIETAT 82 (37) ST HMI 3h1 Teh Tl (o) SIS 6T 710 (H) Teish
qcdl o [eTT Sioiet Ih U UieH 3 3Afesiae (3) HIST | dcdl 6l e
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10. forer o1 7 IUART WIS HTeside o SATAMT hl &A1 TT6 FA o g foma Simar 82 (39)
.dimensions (&) .ndim (&) .shape (%) .axis

11. Tt H18 #7 .hasnans o1 ¥ (True) SeTar g afe: (3) Wﬁ%ﬁww% €))
ST T 7 @ 9 Tsh NaN (S19d1) 7 B (F) S0 1 618 79 721 R () H0s 3 ueh sveq
L EQER]

12. %I @1 0T SIS sht HHI SUART b ST5¢8 H J&T AT 82 (3) size () .nbytes (H) .memory

(d) .itemsize

. T o X
1. U UieH S ~STTATHY eTet ITeT U & i fereft off ST Yk aht &oT it
T e 2
2. U Ui YR % &1 MfHe T2 3 ST 0 3TN 36 NERES
3. fewiee ®u @, afe forelt =t a1 NumPy W & €T SHTd @9 2his gershish (fdw & fopar
ST 2, T 9ied I ¥ Y& 8 aTell Th Ferehieh ST
4. IR YTegehIT § SIS SHTd TH, ToqehisT ohi fewice w0 & €St & gashish
ERECERSIGIR

5. Uk "9 sH & fau s@t ot qcal o gue SAfewr 9 an, otueR sAfewr " 3R
ek o 7T U Tl ST & i shl STTaeIehdll 2
6. ES ¥ ST AMI o AdTfed NumPy Tl I7: TH & o foIg SW—TT fohart ST are o7

: H

7. T RIS H el o S YRR S dlerar 2

8. THRad Yerhishi aTeil a1 HIIST o sft=r T SfshaTd shid |, UisH fewice &9 & Addr
feafoat =t T T 3

9. . ST H dedl I e G AT 8

10. A Toret EEST H U SATaRT A ST ST &, A1 |ishar Yol ded | R AR
i &

11. o, | (True) AT & Al WIS H %7 & 7 TH NaN AH &

. AT IqT AT TqAT8

Uied SIS & Tuff Tl o1 32T TR T EHT 91T

qieH TSt shT E=rehieh UM 0 W Y& & aTct YUTTehl =T Teh shH BT =ITfey

AT Teh YR Y[6GhITT § Teh TieH HHIST a1 ehd 2l

Tt Ferenient aTeft a1 €T o sifer SR |ishaTd Shd EWa, HishaT shael eI
Herehieh el qt &l ol STar|

5. WW.WI%STTW@W@ZW%I

L b=
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6. pd.Series()WWW@WWW%W%@TWW@

7. U HIOS H Uk AT A SIS 8 33fext 0 WIS o Teieh dedl | g Sa|

8. .dtype TOT #HIS # el shl TEAT HATLTaT &

9. .namegwamﬁﬁlﬁaaﬁ@avhmwﬁﬁg%@aﬁagﬂﬁém%l

10. A 31T 5 qeall hl Gl 8 Toh TS S T T Fd & S 4 Tl i Fershich et JaH
Fd €, T 30k TRUTHEET T ¢ 3T Bl

11. TS o NaN HI Ush S0 A1 ST S fofg 2Rt 3T e 21

g, oY I 9L

Ui G 319 ITsal | T 82

T ied HIST s q &1 HEed 52hi o AT Sd150?

3T HHIST 5 |1 h1H A o foTT ST I JiSH ATSsRT ohl il SIS ohld 87

T T6qhIRT § EHIST ST SH Feiehich ¥l e fora ST 82

T Yied TS TR Ueh Uohel AT A o sfier T Sisham (S8, ST, 9ere) i Ot T

BT 87

6. ST .dtype 0T T 32T T 82

7. 39 [SWITE Yarshish T AU L SII IISH T HISE T & Sol foFT T8 F9 & Feehich T
WW@WNumPyQQWWWW%l

8. ek WIS o “ffa ATl AT STARHTING S feigatl o1 Sfdiiered st < fore wisw fore o <61
ST LT B S gEehT foafire ot yenr fAfane w22

9. TS TTeh TH S-S GaIohich ot ATl af HIIST &, 3T 3T 376 T |1y Sfed o, al
TieH Fahich HU@UT T 8l HUTCTAT 2, oI &9 & 37 iera o forg it T & |y e 82

10. ‘éﬂ'ﬁ?%.Valuesgmﬁ.lhdexgm%aﬁaﬁﬁ?ﬁﬁqﬁWI

T 3. TS 2Ry

(Pandas Dataframe)

A S

Tk f3187h st Ue 3fie sl shedqT hifsTy) 389 Student Name’, ‘Math Marks’, ‘Science Marks’ S
FHiTq BId & TR gceh farmeff & for stemr-stem dfwmat § St 81 Siifer 2oet Teh 399 3ereLor R
Pandas T DataFrame ﬁ%@'ﬂ&mff%ﬁm%—wwwﬁmﬁ, fefSteat st aiferem 1 &7 21
39 O H, 319 H@h foh DataFrame T 8 ST ST, 3H 57 Ysord fomam S 31T SHE SR
Y ITH hT 91T

3.1t

Teh UTSH SIT%H Ueh &1-3TATH, ielel dTelt ST GEHT 8l 3719 36 Ush TeIfie A1 SQL 3o o &9 H
U] T Tkl ol T8 ST Frhwor o Tog werdt sfrsh IwRITT sht ST Attt wied o 2
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TR ST @ TarToaTe:

® T U qlfcteh sl TLE Ufthal T Tyl | Tfed g1 2

o TSI AT 37eT: UTRAT ohT Ueh Hehioh (With TSl Sl qTF) BT & 3 Tl & 91 2 &

o TIfir=T ST T Tieh WY Ueh 3T Toh T ST TG Tkl ® (S, '3 H EE&ATE, 1 H 413))
3.2 UTSd S2TRA ST (Creating Pandas Dataframe)

3T S TRAehT U Ueh STH ST Tehdl 8| T&T el ST ek o= T 2

1. Ueh Tl SETHRA ST (Creating an Empty DataFrame)

Python

import pandas as pd
df =
pd.DataFrame()
print(df)

# Output:

# Empty DataFrame
# Columns: []

# Index: []

2. maﬁ@ﬁmm (Creating a DataFrame from a List of Dictionaries)
T T T 2| WA W63 Tah Uleh & I HIorl Tw T1H o STt &

Python

import pandas as pd

data = [{'Name'; 'Asha', 'Marks'": 85}, {'Name'": 'Boby', 'Marks': 92}]
df = pd.DataFrame(data)

print(df)

# Output:

# Name Marks

#0 Asha 85

#1 Boby 92

3. ‘Hﬁﬁ%mﬁmm (Creating a DataFrame from a Dictionary of Lists)
5 forfer o, ek SsTT-A1 I Ueh TW o ST 21 Shofl T o1 19 8 371 T &w o1 S ¢
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Python

import pandas as pd
data = {
'Name': ['Asha’, 'Boby', 'Diya'l],
'Marks': [85, 92, 78],
'City": ['Nagpur', 'Bhopal', 'Pune']
b
df = pd.DataFrame(data)
print(df)
# Output:
# Name Marks City
#0 Asha 85 Nagpur
#1 Boby 92 Bhopal
#2 Diya 78 Pune

4. THST o IToEeRI9T & STRA FTAT (Creating a DataFrame from a Dictionary of Series)
FET Yo ST Teh T o STt 2| HIIST BT Selehieh SeTohH ohl Ufth Gearehieh oI STl &

Python
import pandas as pd
data = {
'Phy": pd.Series([78, 89, 78], index=['a', 'b", 'c']),
'Che'": pd.Series([87, 90, 79], index=["a', 'b', 'c'])
b
df = pd.DataFrame(data)
print(df)
# Output:
# Phy Che
#a 78 87
#b 89 90
#c 78 79

3.3 Uferat 31T Tt W) @ihaTd (Operations on Rows and Columns)
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JTST URRAT ST T ol ST, Seai 3T g ol adieht HiEe o foTy 3uieh IS 3 (Name,
Marks, City ST df) T ST ]|
a) Ueh AT T FISAT (Adding a New Column)

Te 1T & STSHT SIgd TTHH 2] 916 36 T M < 3T AW s &4

Python

dff'Grade'] =['A', 'A+', 'B']
print(df)

# Output:

# Name Marks City Grade
#0 Asha 85 Nagpur A
#1 Boby 92 Bhopal A+
#2 Diya 78 Pune B

b)@q?ﬁﬁﬁm (Adding a New Row)
Te % Utk Siie o g, 311 loc[] fifer s SwinT ot ekt €1 A garehih HISE 781 €, O 39 SIS
fea s

Python

df.loc[3] = ['Deepak’, 95, 'Mumbai', 'A+']
print(df)

# Output:

# Name Marks City Grade

#0 Asha 85 Nagpur A

#1 Boby ' 92 Bhopal A+

#2 Diya 78 Pune B

# 3 Deepak 95 Mumbai A+

¢) Ueh TR AT T E2TET (Deleting a Row or Column)
.drop() Tarfer =1 SuamT )| Uk Uk ge & foTT, axis=0 T 3TN | Tk &9 g2 o foTT, axis=1
T YT )|

Python

# Delete the row with index 2 (Diya)
df = df.drop(2, axis=0)
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print(df)
# Output:

# Name Marks City Grade
#0 Asha 85 Nagpur A
#1 Boby 92 Bhopal A+
#3 Deepak 95 Mumbai A+

# Delete the 'City' column
df = df.drop('City', axis=1)
print(df)

# Output:

# Name Marks Grade

#0 Asha 85 A

#1 Boby 92 A+

#3 Deepak 95 A+

d) T AT hT ATH 2T (Renaming Column Labels)
rename() TITer STTUERT T AT SIge <t Bl

Python

df = df.-rename(columns={'Marks': 'Percentage’, 'Grade': 'Letter'})
print(df)

# Output:

#  Name Percentage Letter

#0 Asha 8 A

#1 Boby 92 A+

#3 Deepak 95 A+

3.4 STTHRA el deh qgﬂqT (Accessing Dataframe Elements)

qISH TR SR ¥ TS 22T UTH i o THIE e odl 2

1. .loc[] AT STANT AT (AATA-ITTHA) (Using .loc[] (Label-based))
1Y Tk o Ferehioh Tieiel 31T T o6 AT § ST T = L e
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Python

# Select row with index '1' and the '"Name' column

print(df.loc[ 1, 'Name']) # Output: Boby

# Select rows 0 to 1 and columns 'Name' and 'Percentage’
print(df.loc[0:1, ['Name', 'Percentage']])

# Output:

# Name Percentage

#0 Asha 85

#1 Boby 92

2. .iloc[] T ITANT HEAT (&uﬁr-anm&a) (Using .iloc[] (Position-based))
1Y tfth ST & ht qurter feerfer (gft <t aXg, 0§ 3[F) SR ST 1 - L 6

Python

# Select the element at row position 0 and column position 1 (which is 'Percentage')

print(df.iloc[0, 1]) # Output: 85

# Select the first two rows and the first column
print(df.iloc[0:2, 0])

# Output:

#0 Asha

#1 Boby

# Name: Name, dtype: object

3. EI;%RF[ STTRHIT (freefa) (Boolean Indexing (Filtering))
T8 U ATTeheITe! aiient & S foreft farfRTe el oht g o et diferalt ot ==t et 2l

Python

# Select all rows where 'Percentage’ is greater than 90
high scorers = df[df['Percentage'] > 90]
print(high_scorers)

# Output:
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# Name Percentage Letter

#1 Boby 92 A+
# 3 Deepak 95 A+

3.5 TS SR 0T (Attributes of Pandas Dataframes)
0T T T[0T & ST ST ST o T H D ST 8] 35 h1geh () T &1 2

N 3%‘&11 (Purpose) AR df U ISTET0T (Example on our df)

(Attribute)

.shape MRt Rl TR Tl ot | print(df.shape) -> (3, 3)
TEAT AT 2

size HTUeh! deall 31 el ST STl | print(dfisize) -> 9
2

.ndim JATIRT AT Sl T&AT SIGTdT | print(df.ndim) > 2
g (BRI 2)

.dtypes JATIRT Te¥eh TdY T 82T K | print(df.dtypes)
AT 2

.columns SATIRT &Y T T 2 print(df.columns) -> Index(['Name',

'Percentage’, 'Letter'], dtype='object')

.index JTIh! Uk et (T‘lflm) aar print(dfiindex) ->  Index([0, 1, 3],
H dtype='int64")

.values ISR 82T &1 2D NumPy W | print(df.values) -> [['Asha’ 85 'A'] ['Boby' 92
ERER G 'A+' ['Deepak’ 95 'A+1]

HRIIT (Summary)

® T SIHA Uk 2D, TAsieT ITedl 2T §L=HT 2, ST Ueh dTieTehT ohl (g 2

® 3T 3 o, eI AT | & ST Hehdl 8

o 3T ATEMT T YAl 7T T Siig/geT Tehd 2

® -G U5 o AT loc[] S Feerfa-atramied ug= o feTT .iloc[] 31 HNT HifSry
® 37l o AT T 2T Ttheet i o foTT FfTa STHHUT T ITANT HIfAY

® shape, .columns, 3T .dtypes SI& 0T STUhHT STHHH o S H SR ad 8
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ST Il AT

A, Fgiasheda uH

1. frafafad ® @ &9 91 9 STHRT S T Y qlehT 78782 (37) Wi o Yeashier ¥ ()
NumPy ndarray & (9) WWWW%W@WWI} () YTsEhITN
=i 4l

2. SIHA df T 'Age' TTH Ushel T o T8 i o fo1g, Frefarliaa o & i a1 ot fieaa 22
(37) df.Age () df['Age'] (¥) df.loc[:, 'Age'] () YR Tt

3. 3T SeHRA H e ST UirT AT ST o 8 d9 R Tgad a2 (3) iloc () loc (F) at (3)
iat

4. I HT 0T STRA o TR (UfRAT, Ed) i S AT Tk 290 AR 82 (3) size ()
.ndim (¥) .shape (3) .axes

5. SehW df T ugelt n dRRAT eiter o fotw, 31 ferer farfer st SwmT sR? (31) df first(n) ()
df.top(n) (¥) df-head(n) (3) df.start(n)

6. SR 3T .columns T[0T FT TAICTAT &2 (1) Uleh Herehish Tacll sl Teh T () TW oiee
(& A1) shT Uk Gl (§) T o ST T (3) Tl shl S|

7. A T Tk 62N § Tk SRA S € STel shividl & 1 € ST A STEH g bl
et &, a1 91 SRT? (37) T A a1 BT () BT et i 0 & X feam smurm (#) B
GIeRIT 31 NaN & 9 1 SITQr (3) S2TohH oherel Gl SISt Tl ohl TAalTs o AT ST ST

8. SITRH U AT AT (NaN) aTefl Ukt bl g2 o foT forer forfer vt Su=iiT feram strat 82 (27)
df.drop_missing() (8) df.remove nan() (¥) df.dropna() (<) df.fill na()

9. ST df T TS ITH L o foTe, o119 fog ¥ehd §: (37) df. Transpose() () df.T (&)
df.swap_axes() (<) df.transpose dataframe()

10. I |1 T[0T SATYeh STHA H Uil S ST ol ST Sdrar 82 (3) size () .count ()
.shape (2) .ndim

. s T o)
1. SeThH UfRAm 3T T fieteht a7 2
2. YieH ATgsI bl AT hid THI YT {ohaT ST STeAT TTHI U pd 8, S import pandas

as |

3. GRET % TeEEE ¥ e S % Y, wedww 1 G S e %

T o ST 2
4. T, Teh 20T ATl & ST SR 8 Uiehall 371 & shi €T ohl ST ohidT 2
5. IR df hl geelt 5 Ufehat shl Tefsia o o fotg, 311 df, forfer sht ST R
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6. mmy_df@‘Price'WWWWW%fﬂE33ITqmy_dﬂ ] 3T 3T
L Hohd &
7. M. STORH o &AW oleld (FTH) 3l T e e T 2
8. WW&W%WWWW% ar uieH 271 I Ufth ST
T 3 AT W ERad T 2
9. . STTRH T Hfeh SieeT (§arehieh) shl Ueh Heil J&H T 2
10. oI, SITHH T Fedsh T T ST TR AT &, SR T Th HHist o & 1)

. e 9T 16 TATY

Tied SR o T TAHT oA 221 Jeh HHE 81T 1T

ITT TS o ITeGehIST T Ush STHhH ST Tohd &

mm.indexwﬁﬁ@wm%l

df.head() farfer fewice w7 @ by it uget 5 uRrat Tefdid sl B

iloc TR ShT ST FUTTeh-ETH-SATHTIA STTSHHUT o ST T ST 3 =R LA oh [Tg foraam
ST 2

df.shapewmﬁﬁﬁﬁmm%l

SR | ATIAT WIHT bl SATHAR 9T FTT "NA" §RT €91t STTaT 2

3T forel} TISET S2TTHA H T T Wi SIS Hehdl o

df. T T[0T S2TORH 3T ZIEUIST TATeTaT & (FTehat TR ST sl T LT )

10. 1ol U (631 § Teh SITHH ST ST & STl I STEHI SAelTs shi i<l &, d SHLm T
e I B

A

o >® x2S

‘q’.agrﬁﬁ'q:rer

qiew WISt 31 qieH SR o offer Jerd Siax & 22

TTSE SITHH S o &1 ATHT qliehl o 19 d15Y)

TETHA o .shape 7T o Ie33 sh! SATEAT HI1ST|

IR T T T 93 hd THY loc 3T iloc TFHER 3 sfi= ITifHeh 37aT 7 27

head() farfer sher Su=ft Ereft 2 31 718 fewice &9 & Fr yefyfa st 22

df.columns T[0T T Y& T &2

TiSE SHH | SATIdT AT ohT Sfafferea S8 foram Strar 8 oK 378 @ areft uferat am st
T g2 o foru fore farfer sar SuenT fomam <1 gemar 292

8. df.describe() fafer =R A13ee 2l &, 3R ¥ fohm ST Wb o oA Hardt 3feren WTEifie: 82

N Vv kWb -
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9. fillna() farfer st rferwar a1 Gerd & aviq Sifvw
10. TTSH ToTd ERad Ferhishi 3T1U/AT &I aTel &1 ST o s ST iR (S1E STTS)
T HY GITAAT 82
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T 4. HETATE [T ST STANT &ieh et fargaretrgsom

(Data Visualization Using Matplotlib)

T SHITSTE, foh 3T0ek T foreet 10 B o foTg, ATkt TeEiaT fofche 81 o Wit 2| Wematl ol it
T TG, T e o JRehdt 2| oifeh afe 31T T ST T ST 8, A 31T qUd 9@ dhd @ 16
21T H GUR 81 T8 © A1 AeH| I8 HeAratl ! o= #§ 9ae T 8 ST [ eTeigsie 8

36 T H, 319 € foh foafie werm o =mé s 37 3 T 1 IRieR fae o forg Stepfora s
% foTT Matplotlib 3T ST & |

4.1t

ST IS FamT TR 21 31 e Sfa iR g1 =1e, U1 TR A<= S6 333 deall 36l ST
lh, 321 TIST3TTESINM ST ST H T, STedl Hedl 3 U i 9 ST G0 1 Th gad
T JEH L 2

4.2 Heeerefea (Matplotlib)

Matplotlib &R, Tfmiee 31t $eifoea faserammgsie s o foTT Herdt @Rl e amssii 21 98
AT S5 ST TR0 3aT @ o 3TT0er =1t ohd faad 2

4.2.1 AT fTa $ETeT ST (Installing Matplotlib)
Ui sl aLE, 3T 319 TS TFE | pip T SUANT ek Matplotlib ST &L Tohd &

Bash
pip install matplotlib

4.2.2 UTSTATE (Pyplot) IFATE SHTAT
AT o TeTT Matplotlib T START 3 o T, & pyplot ATH Te TARTE HIgqe 91 d &l 81
AR T 38 T SIeT 3T plt 2 2

Python

import matplotlib.pyplot as plt

4.3 UTTATE o TT HeA WAT1eT (Basic Plotting with Pyplot)
3ATST Ueh TIA AT =16 §ATU|
IETET 4.1: 2 qUH & folu Ueh et e =i

Python

import matplotlib.pyplot as plt

days = ['Mon', 'Tue', 'Wed', 'Thu', 'Fri', 'Sat', 'Sun']
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temp = [35, 37, 38, 36, 39, 37, 38] # temperatures in Celsius

plt.plot(days, temp) # Create the line chart
plt.show() # Display the chart

T8 U 7 ATg U1 ST 81 plot() e ATeH Wi & 3TN show() foiet =i fewmar 2
4.3.1 3TU TATE T FTHTTd AT (Customizing Your Plot)

3R ST et ST 1 §He H Sgd ST BidT 2l

IETET 4.2: Ve, eret 3R & e il

Python

import matplotlib.pyplot as plt

days = ['Mon', 'Tue', 'Wed', 'Thu', 'Fri', 'Sat', 'Sun']
temp = [35, 37, 38, 36, 39, 37, 38]

plt.plot(days, temp)

# Customizations

plt.xlabel("Day of the Week")
plt.ylabel("Temperature in °C")
plt.title("Weekly Temperature Report")
plt.grid(True) # Addsa grid for easier reading

plt.show()

4.4 Tarfir=1 kW o =ITé (Different Types of Charts)

Matplotlib g STET-TAT JehI o TS T Tkl 81 T&T T8 SN =TS {4 7T 8|
4.4.1. @139 ATE (Line Chart)

THI o A1 T o o [oTg qead 37=a31]

Python
# Example from 4.3.1

4.4.2. IR AT (Bar Chart)
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ferfer=T ORI 21 ot 3t o foTe werr 7=l

Python

import matplotlib.pyplot as plt

categories = ['Apples', 'Bananas', 'Oranges']

sales =[30, 45, 20]

plt.bar(categories, sales)
plt.xlabel('Fruit Type')
plt.ylabel('Units Sold")
plt.title('Fruit Sales")

plt.show()

4.4.3. Thel TATE (Scatter Plot)
21 =fiST o ofig gey feme & foe ge s1==

Python

import matplotlib.pyplot as plt

# Hours studied vs. Exam score
hours_studied = [2, 3, 1, 4, 5, 2, 3, 4]
exam_score = [65, 70, 50, 80, 90, 60, 72, 85]

plt.scatter(hours studied, exam score)
plt.xlabel("Hours Studied")

plt.ylabel('"Exam Score")

plt.title('Effect of Studying on Exam Scores')

plt.show()

4.4.4.'%@'9W(Histogram)
7 foa™ o Tog ward 31T ¢ foh <1 e fordiea o T 2 (514, Tora foremeff weies T 4 7 a1
Bl
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Python

import matplotlib.pyplot as plt

marks = [35, 28, 55, 62, 78, 41, 15, 85, 92, 58, 65, 71, 30, 48, 70, 25, 95, 50, 60, 75]

plt.hist(marks, bins=5, edgecolor='black") # 'bins' are the number of groups
plt.xlabel('"Marks Ranges')

plt.ylabel('Number of Students')

plt.title('Distribution of Marks')

plt.show()

4.4.5.9Ts IS (Pie Chart)
T QU1 o W (STRTa) i fowm o forg wert s1=a

Python

import matplotlib.pyplot as plt

grades =['A', 'B','C', 'D']
num_students = [40, 35, 15, 5]

plt.pie(num_students, labels=grades, autopct="%1.11%%") # autopct shows percentages
plt.title("Student Grades Distribution')

plt.show()

4.4.6. STaE TATE (Box Plot)
ST o TR (FAH, TR, HITehT, 3 STedt /1) i foam o g de 3t=s)

Python

import matplotlib.pyplot as plt

import numpy as np

english = [78, 36, 89, 87, 79, 32, 57, 68, 65, 82]
maths = [78, 66, 39, 87,79, 32, 57, 68, 65, 80]
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science = [78, 59, 89, 87,79, 62, 57, 68, 60, 82]

data_to plot = [english, maths, science]

plt.boxplot(data_to plot, labels=['English', 'Maths', 'Science'])
plt.ylabel('Marks'")
plt.title('Subject-wise Marks Distribution')

plt.grid(axis="y', linestyle='--', alpha=0.7)
plt.show()

H|RIIT (Summary)

o T [UFTCESIM T8 WHet o foTg 221 ot fort # aet <art 2

e Matplotlib = S o foTT Ueh qrarer ATgsi Rl

® UEWIE (plt) I8 IS & FSTHHT STANT & WATIET o 7T i €l

o fofir= Il o foIq S7emT-31erT =T Bid &: 1 o foTg ATgd =, qermedl o fog s =, e
o foTe whet wte, o)

o I wie & A (plt.title()), A (plt.xlabel/ylabel), TSiE (plt.legend()) 3R fire
(plt.grid()) 3 BT TR FL oAl B

AT AT ST

A, Agforehed T 9

1. Matplotlib =T JTITHe: IEIT FAT 87 (37) ST 2 3TN Forsgwor (=) mefier AT viget s=MT ()
TR H R, UfHeE SR g fos[eTaigsiee s|MT (3) A forshd

2. Matplotlib 3 X foFe HigTe 1 ATHAR T wATE S % FTQ FFAIS FoRAT SITAT 2, AR T
394 plt & G (37) matplotlib.graph (&) matplotlib.figure (H) matplotlib.pyplot (3)
matplotlib.visualize

3. Matplotlib T Ush TS AT TATE ST o foTT forer TarTT 6T SUT foham ST 82 (37) plt.line()

(&) plt.plot() (&) plt.draw() (]) plt.graph()
4. TATE o TBhHIT W YET3Td G o TIU, wite s o o1g R BaT 3Rl shieT fohaT STAT =TiEw? ()

plt.show() () plt.display() (¥) plt.render() () plt.view()
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5. 3T Matplotlib ¥ i@ &1 ¥ 8 T X Thd 82 (37) pltset title("My Plot") ()
plt.plot_title("My Plot") () plt.title("My Plot") () plt.add_title("My Plot")

6. Matplotlib WiiE ¥ x-37& W A& SIed & AT v B 1 SUFT foRam Smar 22 (37)
plt.ylabel() () plt.x_label() (9) plt.set xlabel() (3) plt.xlabel()

7. Matplotlib TiTe I BT ®EA (S, PNG, JPEG) & &9 U HaH o foru, form fafer =61 3w
fora ST 22 (37) plt.save() () plt.export() (9) plt.save image() (%) plt.savefig()

8. plt.legend() BT ST ST AT 22 (3) Wile H Uah I e () wite R e argd wefvfa
AT () TATE o6 HiaL o= qeall (ATEHT, SR 3T(S) i AT AT (3) AT HT I 7 gt |

9. Th Wile T & e Fmafafaa o @ fora wam st ST fofam STTaT 22 (37) plt.line() ()
plt.scatter() (§) plt.plot(kind='scatter') (§) Both b and ¢

10. 3T Matplotlib & IT% W firg @Tg+ &€ SIS Tehd 82 (37) plt.gridlines() () plt.add grid() (&)
plt.grid() (3) plt.show_grid()

. e T W

1. Matplotlib T 3TN &I &Y ¥ qrIeH § o, g 3 ENERIESNEKEIC
% for foram smaT 21

2. Matplotlib & it wifén weri & fou R W @ fFar s aren diggd
matplotlib. H

3. T OIS AT WS o oh 7T, Hefw plt. T IUANT ToraT ST R

4. U TATe S o 91E, Tte et yafyia s o forg st plt. T ehicT BT BATT|

5. U wiie | IfNeh Siie o T, her plt. () 3T YT fhaT ST 21

6. y-3TeT W AT S & folT HaH plt. () T 9T o STTaT Bl

7. IGHH WA I B BIEA (I, PNG, PDF) % &9 § TS o T, W plt. () T
ST foharT STTaT 21

8. TeAte X forfir= wTgt 1 dealt o foTe Saet Tef3ta o o fote s plt. () T 3TN
[ERIS IR

9. THeT TTe I o AT, SATHAR W B plt. () T U ThaAT ST B

10. 3719 WA T firg AT ST Hehd &, B plt. () =T SUANT FTeh|

. AT IqT AT TaT8

Matplotlib T STANT & &9 § T AT HEATH, TIMT o Fo1¢, FoFT ST 2
matplotlib.pyplot ﬂﬁ?ﬁ\?’f Matplotlib T T 3Y-ATSS B

plt.show() BT Sehfedeh & 3T weiie Tefdid i o foTT 38 snict i T STTavdehdT T2 2
3T plt.title() T ST ek ek TS ohT Ik T T Tehdl

b=
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5. Matplotlib Feet 2D THTe sHH § G&T 2]

6. plt.xlabel() 3 plt.ylabel() BT T JUANT SHAIT: x 3T y 7&TT UL AT SIS o foIq, o ST
2l

7. plt.legend() HaRT T YA teite # fire erg Sire o foru fepam Sirar 2|

8. M plt.savefig() T STANT Lk Matplotlib AT I PNG B BTged o &9 H T Tohd 2l

9. Matplotlib TS THI fEeR Bl § 3R I8 geifded &l S ST Tehal 2

10. plt.grid() AT ST AN eAte § e S o foru foram ST Tt 21

g, oY I 9L

1. "R § Matplotlib TTSsRT T & &3 41 87

2. Matplotlib T &M €T ATgg MATLAB-SH $2THE H TTE ST o oQ et 3Afereh SuaiiT fora
STTAT 82

Matplotlib 3T ST ek Teh T TATE ST FI FaFRIT sl H I HeT =0T 7 &2

3T Matplotlib wiTe T Tiideh 37 x qAT y 37871 o AT AeTeT hel SIS Hehd 22

Matplotlib H TheX wie 3T TS WTe o s 3Fat T¥ Fhifsg)

3T Matplotlib TS o1 HISe H HawH o TIU fore HefeT o1 SUAIT il SR 119 30 fohd JehR
1 BTSAl o T T &l Hohdl 87

7. plt.legend() BT T LT FAT &7

8. 39 Matplotlib me@ﬁm(ﬁgure)%waﬁrﬁ?%mg?

9. plt.grid() BT o LT T T&T H Ui Hifsrg]

10. Matplotlib T "1 = WHF%HEFGT" T T 37 ® WWWH@%"

AN A
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HIZTA 4. T ACTeh

(Neural Network)

Higder @i ufi=a (Module Overview)

3o Tt o ST o i) St 31T g0 o forelt 2 a1 o €, A 319 qid 9ee ofd &8t Sel-sie
ST ST T, Sfeeh SToh! TEeRTH, T 3T qLIehT AT STTATS J@eR| e 3T 379 BIF § Fad 1, “10
ToTe o1 2T3HT T2 T, Y I HATURT THETHL HTH FHL SdT 2| TR BT I8 T HHl HLdT 82

T TIE FTT o 110 =X (ATrehT) Feaeh (Neural Networks) 81d &1 3 UH 2 ST €, ST 8HI
AR (brain) % HTH T o 1ok & T BId 8| & SHRT AR AT STS 8 HIRTHISAT (neurons)
T ITANT hleh HI=dT ST ATE WA 2, IET TE Th A +1ealeh oM =04 (artificial neurons) T
YT ek ST © HiEar & 37 ol e 2

Human Brain ¥

‘ Hidden Layers

Artificial Neural Network

‘ Real-World Applications

Biological Neurons " Input Layer _ Output Layer

i

Voice Recognition

\ ¢
\‘ <5 _3
%
/]

LIRS
N
Milions of Neurons | Artificial Neurons Learning
in our Brain | from Data

@ <o
@% %n, Image
\ éj Recognitio
s,
‘..-.

| Self-Driving Cars

Inspired by the Human Brain

[orT 4.0 (dT0ehT) Heareh & a7

$H SIS o 3 <Ioh, 3T 3 THIE YUMTTAT oh oTed oh ST shl HHE SITUT S LT ook fohs WIS T SUATT
o T Ueh L =L (TehT) "edeh ST i €|

27f2rTH o UfUTTH (Learning Outcomes)

36 AT I T FT o a8, 3 e 1 e g

® I "edh % T TR TR o AIel Ak & hdl UL 2, 38 oeil
® T TEEHIT H i =L hT HfHeRT hl AREAT HLAT|
® UEIHHT foh ATEdTorsh Ste o ST H =L Hereh 1 ITATT H8l FohqT STt 2
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FISRA BT o Hacd i TR
® A ek HISe shl WIRTETd i H I SOl 2l Eie|
® I AT T ITANT hleh B =L ~eaeh WIS S|
SATET SR HHETSHT o TG =Xt Heersh Ay Tl

HIGIeT ST (Module Structure)

3 1. = e T I (Introduction to Neural Networks)

a4 2. Th ?ngtf & 3T AHIATT Hara (Inside A Neuron: Activation Functions)

= 3. foramefter A JZTeh: TR gﬁ?ﬂ * ?H’j}l?ﬂﬂ (Neural Networks in Action: Real-World Applications)
a4 4. 9+ Fﬂ's:aﬁ & T NN Jeaeh 1 fmior (Building Neural Networks with Python Libraries)
T 5. 32T AT HIAT 3T 379 TS ohi TRTTT BT (Preparing Data and Training Your Model)

T 6. Teh AT(1hT0T HiSeA ol Frmfor (Building A Classification Model)

T 1. I AETqeh T T=d

(Introduction to Neural Networks)

FIT AT Hefl G 2 for TewI fod wen a5 9 38 31cies 81 ST 892 AT ST U9 S STHd @ {6
I HT EH &7 FEHT I T (1Y ThT b1 Sheged T & it =t Heareh (Neural Network)
FET ST 2

/ / =
A Special Computer Program -

That Learns Like Our Brain!

Input Layer Hidden Layers Output Layer

Unlocking a Smartphone

Detecting Spam Emails

S8 ER

A Neural Network is Speaal Program that Learns from Data to Solve Problemsl

- |

[orT 1.1: =R 72T
9 G H, B S Toh =L HeeTeh T 8, of B Hikqsh ¥ hdl S & 371 o <27 § ¥ i &
1.1 ?{{ﬁ‘ﬁzﬁﬁiﬁﬁ‘ IR (Concept of Neural Network)
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Teh =TT 4 (Neural Network) 5 S[GATT (AI) 31 Tk farfer 2 St shegedi ol €21 ! 36 at@
T Gt T Tt @ S A Aftass | IRa 21 98 T YRR T TR At gied @ S ded
TR HEaT 2

Tt < Ter TS a9 &1 1o i o ST, U I e SETENUTt § HiadT 8 39 forectt
TEEH F o ToTT Teh =l hl UG ohl TRE || ATT 3¢ Ush T&d TIHCTST 81 4d ©; 379 3 adl
e forfoeral i a8 TRl fo@Td & STa o of |oet T2t S foh foreedt Sheft foardt 21 ush =et eae
221 o ey ot v € a2

1.2 WW%W&EW QWT (Real-Life Applications of Neural Networks)

qifEreRT edeh shael Teh SATTRITEAT SART &l € of BN A SR &, MEfiiehl sl T 41 & 8| T

T 3qTew o 1.2 ® femme e d)

AT UFA™ (Face Recognition): ST %I AT HHS AR STANT BI2! H AN shl & LA o
foTT et 21

T RT UAT ST (Spam Detection): ST SHRT STANT STd S0 ol ToaTfeld €9 8 ATeh
T Hieet § 9o o fot ST 7l

STUTHT WER (Virtual Assistants): T8 (Siri), TAST (Alexa) 3R QNS sAfde (Google
Assistant) STTIehRT STTITST 3T TS ST 19k FaTeAT BT STaTel < oh [oTT HRT YA Hd 2

TETELT VAT (Healthcare): Siaet THE-L St ferfercar Sfem § sfamfe =1 9a1 o & @2 &
AT AT T 39T o &

TS (Navigation): T0TCT HoH SIH UW $hT ST ¢ftheh sht sifarsaraoft shtd 3R werdl st AT

@reH o foTT 3 &
ﬁSPKML (oo n
%-

r-_
! ~
Face Recognition Spam Detection Virtual Assistant

Healthcare Nedthcare Navigation

[orT 1.2: =R 72 & It ST ST
¥ FETEXT e & foh el et eaeh el shi HATereh AIe-SY lish ¥ ST, A ST g bt

HE | Aee L B

1.3 SRUTT: WAforeh SATH " =L (The Inspiration: Biological vs. Artificial Neurons)
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T =T Hedeh b ST e HITsh o TR ¥ 3T 2

1.3.1 aﬁiﬁﬂjﬁ (Biological Neuron) (FI'%I'EE Eﬁﬁﬁlﬂ)

TR AT H 3TET G&H =LA RIS BIdT & (e I (neurons) FaT ST gl ST fof foar 4.1.2
T fammn 1T ©, Ueh = o i 9T W el @

g;T's{'c‘\'Ff(Dendrites): ammmjmﬁmmw%(éﬁwawrﬁgﬁéﬁ)l

A AT (Soma) (SHITITERT IHT): TE 9T A oTeT Gehdl ol HHIEA AT & (S Hidseh Gl T&T
=)

TSATT (Axon): IT Tl I HHTRIT Hehel b1 ST = T TgaTd! & (S8 Hg st T 2|

CELL BODY( SOMA)

NUCLEUS —

s /
MYELIN SHEATH )
>
SCHWANN CELL
—_— _
NODE OF RANVIER = AXON
DENDRITES

“e

AXON TERMINALS

-—

__SYNAPSES

I3 1.3: Q& AT HIRIHT =R & T 7

1.3.2 S5 =L (Artificial Neuron) (S0 shi I ToTeRT)
Q%?ﬁ'ﬂ‘?{fﬁ (Artificial Neuron) , ISCEIES (node) T 2T STl %, Teh A T Higet & S
SHforeh =L T et shLaT 8, ST fof ot 1.3 o femman mam 2

o I8 U AT ATIF TAYE (inputs) (S x1, x2) ST FLT &l

o 8 TS T T W (weight) (w1, w2) T AT & UM 3HLAT &, ST =4 a1 T & foh 98 e
feraT wEceut 2|

o IE I Ol I T A SISAT 7, |1 & Tk fo=I A 56 a1 (bias) a1 ST 2

o T T8 T 1 & fTT afehauT wewT (activation function) T 39T LT © ok sifam LA 4
(output) FT BT, T8 Rt 37Ter = ot 911 e STrerm 2
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Inputs

(X1, XZ) "
Weighted

— Wy Sum + Bias

Weighted Sum
+ Bias

4 » Output

Activation
Function

[T 1.4: T F1H =R 31 G777
arferent 1.1 feardt 2 o6 e Siforeh = o 9T 6T qerT B =R & 8 6T ST 2l
ATICTHT 1.1: A =R T FHIEAT T

Siferes =T (Biological Neuron) S| =R (Artificial Neuron)
ESIECNTIED) $YE (ST 22T)

T (ST (ST * ST + S %1 ART

T () TAHTT AT 3 G 33T

1.4 mgaﬁza%%ﬁv@rmm%o (How Does a Neural Network Work?)

Teh =TS 2 o1 "I 38eh! SCaT S EiE 1 aliehT

1.4.1 7Y YTk chl BIEAT (Structure of a Neural Network)

T SfTdl =t Heaeh Tl § S g &, St foh o 4.1.4 7 faamn man )

$T9C U (Input Layer): g 9% SIS & WTel 81 Hedeh H JaI3T T 2

%q”rgém(ﬁ) (Hidden Layer(s)): g EERC ?ﬁﬁ'{dﬂddgd% sfi=r Y TXd §1 3 Yo WisH T 9’ W
T 81 3 "fodl g3 T ST @ Rifeh g ©Ye 3Tk §Te STa=q T8 hLd al

T3CYE WA (Output Layer): I8 9Xd Siform aftomy oot 2, St fereett At "t

Hidden Layers

——p Result Out

Output Layer

[9 1.5 =T Aa &1 7eT G [earar &
1.4.2 FISHIEE TAR (Feedforward Propagation) (STRTTHT UTH)
I e o AT § <27 T ATAT 2
1. 23 T H a1 LT 2

152



2. % fesdt g2 TRal % HTeAH | TR ST 21 T 2R H, FE I I R F O oA ST 2,
SISt ST 2 37 T S el ST 2

3. U ATSHAUT W (activation function) T AT & foh AT Tk ST T doh U5 o feTg
TATH e B

4. I T q S AT & S qoh ST SLYE T qoF 8| g ST, ST AN (prediction)
eI LT R

1.4.3 SHITTESH (Backpropagation) (ﬂ'ﬁﬁ?ﬁ '@“{:ﬁ'@';n)

T BT & AfE fersgamoft et 82 Feaeh SehuIame HTeeh Tfsha o aream & 1ot Terdt & diedr |

(Fert 1.5 W)

1. ek oY WiersaToft sht T Tt 3T H e & SR AT AT TUMT LT €

2. ¥ AR Feaeh o Hread § i shl ST WSl STl &)

3. S-S I8 i STl ®, Jeddh qufl YRT 3T S ol AiST-9TST THTRINTSIT ShidT @ dTfeh STTeft s
Afe oISt = 2l

4. srﬁn&m(training)%meﬁﬁﬁwmw%ww%muﬁmﬁﬁﬁ
T H SZd 3BT 2| 8l S|

Compare to Correct Answer

+

\\
o M Calculate Error

-------- Bl Adjust Weights & Biases
Output Layer -
Send Error Back

1o 1.6: SIITITIT T 37T F U T 72% H €1 ] JiHaT
1.4.4 TR (Weights) 3 T4 (Bias) ¥ Wgeaqut 2
A (Weights): 37 S1gH ATe (volume knobs) ol T8 Wel| fordll $E TX 3Aereh WK 1 wetsl &
o g sifem fofar 3 forg stferes weeaol 21
T (Bias): T8 T GARISH A9 (adjustment knob) T T8 #Hgi| I8 =T 1 qal f @l &4
T START a1 @ S Tt S FANIR 8, Sew died &l 31feh e e 2
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qiforeRT Teereh ol TRTTETT i T 1 3220 Tteh WiTdTivRT st o foIq Wit 37 e o1 &t §e
g el
ST Tiafater 1.1, Sifores =i 3T wim =R T fermrr o et
EEAR)
Sifereh = ST H 0 =L shl ETAT 3h! FHFAT I 37 1 ohl T LT
IR DI
o A4 3fiEaATARTH
o U AR TR
o wd
o T Ufder (derfcush)
ufskat
1. I8 o ST5 3R T Sifereh =R S|
o THfARad AT ol TiereT
° g
o HITTHT IR (GHT)

g
I

o T

® UHN few
2. I8 % &5 N, T i =L A G|

o fHfetfad Wl ol TrereT

® IAYS Hohd

® Y

o I ()

o HloRAT HeaH

[ 3]13?32
3. 7% faam o fore offEi a1 3wt i fof ek =R o ATearm & S8 AT R 2
ST HATE h & | 3 3R Aok S HEH = 6 e a1 FHET IR af S ford]
AR ATToTeRT
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T SSTSLH Hohd WTH &Ad & TIE ST AN

SEEERTUT | SRITTERT TR Eehdl ohl HHTIT LT & FRT ST AFHA0T hare
HISYE | TR Hohdl STl & A3 7

WU | WS AR o 9T Y W =LA eIk T AT
gfvore / freeed

Teh Sifereh = HHe HIEqeh H Teh WTehcieh shi[R1hT @ SHT fore[d Tehell o WIEaH § G i
HaTferd SR i s 2l

HETTRIT ST & I A AT o6 1 T o GH Toh T3 Icq L o

HARIIT (Summary)

T HA H =L Hea i A Hikdsh & SN Sunerlt o &9 H gRira s w2 o gew
forfir= wat (layers) 3@3:!32@'&'( (input layer), fReT o (hidden layer) 3R 3413?32?1’&'{ (output
layer) % S H HI@d &, TT IT THAA & o Heaeh STHHRT I ohdl THE A § I ST § Yo
(patterns) 8 Hi@d g

QT Tt ST

A, Tgforeheda 9

1. =T (TeRT) edeh T TR hral AT 82 (37) ITaAITI TUHT AT () 2T H Y2 Tg=HT ()
S AT ST HUEI T (8) 3T W Fride Tl

2. U Aok = H, T ET 9T 37 =08 § Hohd ST AT 82 (3) TR () AT (F) S5eH
(3) fererE

3. ok W =T H R (weights) T 3RIT e Bl 82 (37) HaH 13T Tt T (o) forelt
TG o HEcd i [T AT (§) SIRTET0r i 36 T (3) 52 8 FHoiae Ll

4. I ITIE WA qoh ST STUTYA L 6T TTHRAT i HaT ST & (37) THATRM (F) FIehias
@) S AT (7) e favrsm

5. TS (cieRT) eereh o1 drdfereh g § SuA fEfeiad 3§ I @1 22 (3) MS Word |
SEATST 2159 AT (V) FAHIST U 3T ST FHEAT (F) 3T <(et § B AT AT (3) HI3d
TFICAE SIS LT

. M W
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T =L 2T o T A o s & I 2

=R (dfreRT) Feash it Teel T I HET ST 2l

ST ATy forelt 392 o weed ol e il €, 3 EIS NI
e 1 e SRt TRT ht ST O S fafer T ST 2
= (dfrenT) Feash s 3w aftom R g T grar 2|

nokh o=

. AT AT 3T qaqTd

1. = (frenT) eaeh i o ueh i g o1 e id 8 St ft 72 seedl
2. $HC T TH T T THIHT =S eaieh T Teh ST 2

3. aTeaferss HieT fdt g8 vt § g 2

4. R U seetrd it off sfersramoft st ganfera 72 swear 21

5. e Sifofeh =0 3 Tk FHM = SATHRNHS, T H GHI ok 8 HTH L o

g, oY W I

1. U Sifereh = o oI J&d AT o AT T3y

Teh W A Heaeh 9T & 9 370 Ieal H Ay ?

@Wjﬁﬁww (bias term) El?iﬁq%mﬁ%"

e Sfia & 31T = "edh o HTe ¥ STAEId Fid &2 $Heh al IaTeT 1Y
HISHRES I SHATHIIH o off< e €& § q0eTsy

wok e
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T 2. Teh = oh ST: AIHIAVT Tewr
(Inside A Neuron: Activation Functions)

U Herdl il ST ATEH sl shouHT ShifT) et & =Rl (worker) Ueh 20T TH odT €, 39 W
HIH AT & TR T LT 2 o I ST SATH T WS & AT Tl =LA ~eareh # & =R +ff 7t &
FAT B AT I8 T8 H8 7T AT & foh AT T 971 2 366 foIT g wen foraw mifdreler foremr =
YT T &, orer afsharor (ufereasTe) et (Activation Function) F&d 2|

(a) Factory Assembly Line (b) Neural Network

! E i ‘ Input Scores of Last 10 Matches
N\
\ =
A ? o A Xi= wl\A WX,

(wyx; + Wy x3)

X2 =W, =P WX,

Output|

Activation
Function

A
i,

| Activation Function 1
| Special rule to decide if y
4—LIKE— it should pass the signal onwarJd.

X3 =W3 =P WyX;3

Xg =Wy

Each worker gets a part, processes it, T
and decides whether to pass it forward. |

[
Each neuron uses a special rule called an activation function to decide

what to pass forward.

for 2. 1: G599 3 TTea & G0 BT 31 ST

59 O H BH = Heaeh sh! ST (structure), W (weights) 37 SR (bias) T s[fHerT qer fafiet
TR oh HIhI0T AT TR HeraT=H ohT STEII hidl|

2.1 ?{{ﬁﬁﬁﬁ?iﬁ‘m (The Structure of a Neural Network)

ST foF BH €, Ueh =—IIe "2 XAl § ST BT 8| 39 U Sg-=RUI 1 fihoet 6l aie Hwei| $TIE T
ol T 2, oot g8 o of wefi & St 39 ufvssha et € 37K 31rseye i sifm seme 31 e 2.2 39
T T ST 2

Input
layer

Hidden

layers

—_— ° SyeLs Output
@ layer

— G =_> D

[er 2.2: U% =T 299 # WA
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$9E U (Input Layer): T I-T YA AT 7| AT 31T eXAfIRgd 3ieh sl i T ST R T,
T S forerreT st e T ST 2

Tt 58 W (Hidden Layer(s)): ¥ Wd U gedl 8 et ot g5 wea forelt ofer o fopmid =1 war
T kel 81 ST T 37 foRT 3Rt STTehferat H Siie dehclt

HATIEYE WX (Output Layer): I8 F{aH I <l &, S8 o Bla % '8' 375 T shl TTadTl

2.2 W =ALH: Tk I & 3@ (The Artificial Neuron: A Closer Look)

Teh S =R Toh T TUMT 3TS 2 ST FHTH FTIE ST, 378 ST heAT TR ek STSYE a1
HET 2

2.2.1 TS = TEHAT h¥l HHTIE AT § (THOTe T arfereate)

WZWW(W1X1+WZXZ+...+b)

JT3T T TE:

FUE (x1, X2): < I € 70 AT, S foreft sfer & et o a foreft ferameff grar we wmw =i <

e

TR (W1, Wo): HEATE ST T $TYC o Hacd i ST &l FTTE0T 6 G 3 I ohi SIS fora

SITAT @ ek =T "eah ST H e Ui |l

AT (b): AN AYE o AT H SIST 7T Uk e 71| SR = 1 STSYE FHTANSA FA H HEg

AT 2 ST HiSH I STereh TT=ie s 2

2.2.2 Wﬁﬁﬁﬁ?w: ﬁlﬁq‘gﬂ:ﬂ (Real-Life Analogy: Choosing a Movie)

ST SHIST, foh Teh =L & T HTAT & [oh AT HTYeh! g (heH TEE ST, S 3T 3G I HATeTRA

: has_funny actors (x1) and is_action_packed (x2) |

o I 3T T THE d 8, Al x2 (W2) o oI W A Teres 2|

® b Y | S 1 T &l AlS 3T sl Tk @, AT Tohell it {hew ohi T6iE i T SATIHT TR
A4 &1 Fhell 8

=R T SRR T T AT & S HIHA0T Hare 79 hLaT @ foh 9T I8 TR e, T3 I8 fthod Teia

AT e o6 forg vt 2

2.3 Tihaur W ot fatar (Activation Functions: The Decision-Maker)

Teh FishI0T HaRT Teh MU g & ST qF shidT @ foh STl Td shl R ST STY) I8 X Rarehar
(non-linearity) 3T TTG=r IAT &, S Feah i STfeet T dig 3t STAf 3T 2, 7 fof sharet wreet el
@Al |

2.3.1 RrnTge wew (Sigmoid Function) (EvTTearar fHmtar)
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IE e Tl off e ot oidT © 3R 39 0 R 1 3 o= & O | gl 3ar 21 9% 37 fviat & fog
Tehed Tl & SR I Ueh SHTeIdT 2, A8 "o 9 foreedt 22" (1 8 & forg, 0 =1 & ferwy)
fx)=1/(1+e%

(e & TR F [=ar 7 #, T8 5% v 3919 11T Reki 8= 2.718)

UK

o s forelt = o1 et TR T TSt UTCHS HEAT 2, A1 RAHTES 36 1 % e o1 T 2

o e THIT Uk ] FAUMcHe: GE&AT &, a1 I8 38 0 3 hile o7 a1 2l

® TR foreshet 0.5 o STl |

2.3.2 ReLU (SR {3 feRE) (The Popular Kid)

ReLU (Rectified Linear Unit) T AT TIHA0T e 2| SEehT o Tt 2 ?T&:’ng?f OEIRIED
2, T 34 I oL 2| AT T8 O 8, A1 36 Uk a1 3T 0 3132 |

f(x) = max(0, x)
3QTe:

® 5HFAYL 5 AT HAILYE T 2l

® 3% FYL 0 T HTILYE ol &

® I A 2 FN 2T I (A U FRIAAATIEh HRe- H HEE T 2l
2.3.3 BT%HEA (Softmax) (FTeAAT foraven)

HiveHad faRIy 21 36T ST H13YS W | qel TR ST 8 S AR ITH &1 & 3ifersh srfvrat
(categories) Tl IE HTIW T T ThIT AT & 3TN 3¢ GHTSIATST § o1&t 4aT & fS=ehT J1T 1 BIaT 2

Softmax(xi) = e"xi/ 2 exj

a7

Softmax(xi) = e”xi/ (e"x1 + e"x2 + ... + e”xn)

3qTelur:

Ife weh Feareh foRef} et I AT, et AT HX ok T H SfTohd skt 3T JTH 3L LT &, a1 3ifew TR [2.0,
1.0, 0.1] B Tehd 8| 9l 29 [0.7, 0.2, 0.1] SET @xreaaren § see 2, fSeent 319f ® for Jeaeh
70% G2 2 foh 72 T A 2

2.4 Wgﬁﬁ?ﬂ%ﬁ? TR (Types of Neural Networks)
IEhT ETET o SR W, =T "2aeh [T~ o o 8l ohd 8
2.4.1 FIShRTE T JTTh (Feedforward Neural Network (FNN))
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TE T TS T 8| ST At T & (=11 | AT T &: ST § ICYL T s 7 AT HlSsish
A T BN B TE Ueh a9- ek ohl i@ 2l (1 2.3)

AI Neural Networks ey

Hidden Units Hidden Units

Input Units

Output Units

Flow of Activation

[er 2.3: Al T 380 =]
24.2 mﬂmﬁﬂ{{ﬁm (Convolutional Neural Network (CNN))

CNN oy &9 @ Bfd g1 o foru fesire forg T ) o Forsfi # o, STt oK sTee Si9 T
AT AT | S5 3799 2l F8T HRUT & foh =gl il Tga 3aT ST=! aLE 8 i e @ (=T 2.4))

Conv-1 (ki x k) kernel Conv-1 (ky x ko) kernel  €ony.1 (k; x k) kenel Fully-Connected
with same padding with same padding with same paﬂding B — A
. P //‘ Alpha
) Hykophobicy (v & ook ) 1\"'J - (H\,I Beta
I () Dda
o | | ‘ i e /N Gamma,
| W ET /10 Onien
Ol
] ('lH “']W hl“““i W HWA‘ i =
L "'“- I " W "l
I |“f‘|s\ ‘ 1 R “‘II ) /
! i
‘ 13 channels n; channels Flatten ny units it
,,,,,, 7y channels 15 s (3 x ey X mg) 1 units
Input: (e % ey X my) (2 e x ) N —
(i x iy xdy) Fully-Connected

[o 2.4; FAFIGRIHT T 42a (CNN) %1 GT=1

2.4.3 TS XA 4€a%h (Recurrent Neural Network (RNN))

RNN ¥ Ue o forsiar e 2 F‘?Iﬁ[(memory)l @%W@ﬂjﬁﬁ%ﬁﬂﬂ%ﬁﬁm@ﬁ
T STl 34 €, e 3 T, WIS AT ST S TR ST % I e |l &1 S 81 S 31
50 @ =7d Rt €, 1 Tk RNN 1194k S1eat o &es ol g | feg iar 81 (e 2.4)
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2.5 SATARTEh T TIfer: aTae W Ueh OlcT Wjﬁ (Hands-on Activity: A Simple Neuron in

Python)
TS F A TR IS o §T Toh = i SRR S| Afe qrerer Tofid & dt 179 36 3T
IS T AT ol B

import numpy as np

# Our inputs: [hours studied, hours slept]

x = np.array([5, 8])

# Our weights: how important each input is

w = np.array([0.8, 0.4])

# Our bias
b=0.2

# Calculate the weighted sum (like a score)
z =np.dot(x, w) + b

#7=(5%0.8 + 8%0.4) + 0.2 = (4.0 +3.2) + 0.2 =7.4

# Apply the ReLU activation function

output = max(0, z)

print("Neuron's Score (z):", z)

print("Neuron's Output after ReLU:", output)

Output:
Neuron's Score (z): 7.4
Neuron's Output after ReLU: 7.4

Since the score is positive, ReLU lets it pass through.
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TR (Summary)

® Th I Jeadh fafy= war (layers): 19 (input), e (hidden) 3R STIZIC (output) g ST
BT 2l

° Q%?{\fﬁ W%&{HW@%@W (weighted sum) FepTetar 8, 39U a9 (bias) St & 37 ot
Teh UfeRZaIT e (activation function) <IT] shdT H

® Sigmoid AT (values) T 0 3 1 & sfi= Hifird (squish) F T ® (/AT 99 fofa & oo
EERI]

® ReLU Heh[TcHh (positive) T <l AT 7T § 37 TehRIcHS (negative) AT T Ueh <dT @
(ST pRTcA/efficient)l

® Softmax ThI &I &3 AT (categories) EANIS IPETIE:I (probabilities) T et T 2l

® FNN, CNN, 3T RNN 3T-3TAT Jeh o Jeaeh 2, St fafir= srrat o fore 3o ferg sira )

ST Tt ST

. Tgfarehedta T

1. Torell =0 T i |1 T ot 39 o Weed ol M hLdT 22 (37) Wik Have () ™
() ¥ () ARG

2. I |1 ATSRAV B 0 F | o ol 714 T13YE AT 87 () ReLU () TwTze (/) Hivedd
() Wah

3. TR TohT o =ITet Hearsh H "SI BT & STR g |07 o g 377 8IaT 22 (31) CNN () FNN
(&) RNN () ANN

4. o =T | ST T AT ST BIdT 82 (37) SIS T 0 HEAT () TFSH07 BT i T
HTeh AT Y& AT (/) HISTYE HURI LT (F) A T H [T

5. Torelt B =t 3, foreett am waft 3 w0 7 sfierd 2 % foTg, STSeqe wd o forg i w1 wfsrro
B T8 =T 82 (37) ReLU () formiige () diveted (3) &U

1 W@W%Eﬁw@w%aﬁa@?ﬁé,Wm(leaming)mél

2. %o feed aad & for wr A forehed 2, ifer a7 st 3 o giar 2
3. TR ST STANT STTSYE T H TSR] (312101 Ffferor o feTq forar Sirar 2
4
5

. LA e ToRIY T gusT Rhfre o fofg sHme Sird €
. T A o G H, A UH o 1S SI e /I SISl ST 8, 3¢ ESE I
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. T T T qATd

TfFEoIRT e o ToT, Tah =—ITet "eaeh shalcl 8t {aeh (linear) Y-t & €@ ek 2

ReLU TohNIcH (negative) HEATE HATSCYE T Hehd 2l

Softmax T G EaT 8 o it 3TSeqe RIS (probabilities) T AT 1 &
HIEHRES = 4eaeh (Feedforward Neural Network) H ([ BId &, ST SITHehI 2! Ui shi 3T
e 3 &

5. forelt 39 T 3tferer 92 (weight) B 1 waed @ fof g sifom fofa 3 forg =»m weeaof 21

b=

g, oY I I

TFShI0T theraT AT 3T T 22

fermTe 3T Hiehed HaT o st 3Tt T i)

3T CNN o T 9 RNN hT SUNT hel Thidl? Teh 3107 211-10)
Tsh Ushdd Efi%l'q reL{VH (artificial neuron) Wqﬁﬂg%ﬁ\@?l

fEe I T 13 Lt 22 38 37U I1eaT H IaTgy|

A e

T 3. foRaTefier =tet eareh: STEdiereh AT o FTIART

(Neural Networks in Action: Real-World Applications)

€ W © foh et Zefoh gl IThaTell Tid 8| e Sreforsh - H o STdeh %I § eiehl STEdaTe]
Toh STt Tl i 8 L & & THIAH, W@W@W (applications) é@aﬁ\gw
(Aot fedamm), BT TSI (FHST STHEI) S WIYUI-H-U7S (FfH-Z-29E2) T LT Ll
3.1 agrsnﬁTﬁ T Ui (Introduction to Applications)

RAT{h =~ 4 Te (patterns) WIS H T8 3T BId &, FHIAY 378 g S-SR HIET H ITINT
[ERISIRETIE Eﬁﬁg@wﬁwmﬁ (ViSiOIl/a-@:"), HT (language/mﬁiﬁ‘m)
IR Aot o (decision-making) T Heferd gid 2
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Object Detection Image Segmentation

Applications of
Neural Networks

Speech-to-Text

| ; Set an alarm for 7AM |
rfuffobe-°
L e

' l . Translates text between languages.

Converts speech into text.
T2 3. 1 A GIHT 3 3T A2 % 5 ST
3.2 9% UEA (Object Detection) (/T 3 HE(?)
Histee feea U Uelt qepelien &, fSrem sheged forelt fomt (image) AT Sfifeat # a1l (objects)
TET TR ST T et ST 81 78 < Warel o SfeTel &dT 8: "IE T 89" N "IE hat 82"
® I IT ] I TEAH AT & (S I, AN, 79|
o TEl UT I o AR AR T o aia & (S8 i sifem et S 2)|
® I e, oI ¥ § CNN's, 5809 9gd F31t B 8| I o 1 S-S AT # B Fd <,
foRTSaTaAT (features) 31 T&=IH Fd & ST FEq3AT T € i Fid &)
FTEA oIk AT ISTET:
o UTH-ZTSTRT h 3T ATeHT, UaeT ATHRIT SR ftheh Heondl ol TE=T o foTT SHeRT STNT Lt
&
®  TREAT HAY FAUTSAT (intruders) T TaT I o 7T FHHT STANT L
3.3 Bfar fruT = (Image Segmentation) (foreRe-Tadia awen)
o BT forvToi (381 TR o TE e (STesiare TSSaRT) T Ueh YUL-TaTS Hearill 2| $HH haet

] o AR SR S S 6 S5, Heafeh ol % & Ueh fuarer (pixel) 31 aiiehd (classify)
AT 8| $HY ] hl S8 el ERE@T (outline) I 8

ATEATR ST ISTS0T:

o TrfereaT ST St THIRATS Th H TYAL hl Tl TN UTH LA o o 36T 3TarT
Fd B

Puts data into categories.
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o TIATITd Y (Autonomous Cars): IE Uk 1 hl IS THSH T Heg T © foh o o fusaer
TS &, HIF § BT (sidewalk) & ST I & SRR AT STEHH 2

3.4 I(TeRIUT (Classification) (g AT E?)

o  SfTeRTuT 3 ST § Terd XA 2| AT WUl Sl AT 22T o e T ST @ TR T el @ fo e formt
At § Fsiferq R

e Tereh ST 3STEIT:

o UG TUW ftheefaT: Hedeh Uah SHA Ul & 3N 36 "E4W" AT &40 el & €9 | afiehd hidT &l
® 3ITUTE BeTs: HRWM H HraaL e I Teh YOI et hl "Ta" AT "Hall" o ®F § arfieha shiell 2l
3.5 WTNUT-8-UTS (Speech-to-Text) (SATATS | Ireal H)

STl 3T 30 I T hIS Tl SATAR fergard & AT forelt T Tffert & Harrel 9ed &, del Fe! ik
BT 21 AT SATaTST Sl & T (sound waves) 3l T&IATAT (numbers) H SIEAT STAT 81 38 a1E

T RNN 7 foeiy YR a1 42aeh fS18 LSTM el ST 7, 39 T3l o 3 (sequence) I THHE
AT & 3T IW TRL (text) H oI 2T B

ATEATIR ST ISTE0T:

o ITTVTHY HETdeh (STt aTtereee®): fall, et stfiede 37k were)
o AT hWH: TS F AT HIShIeT U AT ok THY (NFT-2189) H F= 1 6hdl 8

3.6 99 IS (Machine Translation) (Teh HTHT k) ?.é'\'{T{"\‘ WTHT H)

FT AT ¥l 7T ZhEeie (Google Translate) 3T ST ek SHUST T et o srgan &2 A& Aef
31791 (Machine Translation) ML Teh q\wﬁzasﬁ Teh 19T T fore g T ol Yedrl %, 3I9ehT
37ef THFAT & S ZEL AT H ST 378 sh STeF ST ST 2| T e AR Ueh feIaIs Johr oh 2efeh,
T8 Z®R (Transformer) S&T SITAT &, ST T3 STTaT 2

FTEATIh A e IETET:

® T ZiHee: Ael UST AT SITqiid ol i SIS HLATl

o TNT HIE Tt Uu: forett arerit sht Tmer | Heg |

® I YA (Object Detection) & hl TEAAT & I e TRT S ST ST o
o BT fIWT=T (Image Segmentation) 2% T Tt it SAelet hieh Tdieh TU@T T 2
® TIeRIuT (Classification) T I Tk Juft (category) T T gl

® WINUT-H-UTS (Speech-to-Text) Sl 7T ITsaT ol feARad U1 (<) T seerdT 2

® WY A1E (Machine Translation) 913 (éER%') I T AT E;Fl’ﬁ qTT H gt 2l

TR (Summary)
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59 O afeh e H At Aeaeh S <ol U (¥ [ R), AT Sereh (J759 AHede)
3T SATRIET STOTTe! (et eT e 3T ST foRalT T2 1 36 OLE I 6 414 (theory) 3l EER
(practice) © g B

ST ST S

A, Fgiasheda uH

1. forer St ot SRl fopett ferfoream ofer & 2o o =R 37R ush wéieh T s o fore fora
SITTT? (37) SR () S T84 (§) B f1em (3) Amoor-8-u13

2. IS S "W 2 AT E T g T HAT Uk TS 3] (3) R TS () T T ()
o (3) affetor

3. WTNUT-H-9T3 o foTq =Tt Heaeh |ard 399 22 (37) CNN () FNN (¥) RNN (3) 378 & #78 T

4. U T ] S © AU H ST eI &) (37) WINOT-H-ITS (&) He( SFATE (§) ] T8
(T) ST TEERT

5. arEq e foh A1 ST T I At 82 (37) "N ST A" () "N ST HR" (F) "R
SR A (@) " S

9. Tk T W
. Toreft sfar = foreft g o =T 371 Tk site S 31 aohfieh ol el ST 2l

1
2. forett Sfar 7 sk firerie ot et et ot wforarm 2
3. T ZiEere T ek ST 2|
4
5

. T S st geres Hie wHEE & g T ITATT L B
. Toreft Socr o1 | 91 EETE" Hieet § W@HT Th F gl

. O qT A0 a1

1. %] T8 IR ST bl & o B H T I &, ATk I8 7| {6 I8 el 2
. Bfa fvTem g vg= @ s1fereh faeqa 2

. ATSUT-H-TT13 TOMTeTT HTSShitM 3T = ~edeh sl STANT hLd! o

. TIRI 3TTATE et S o feTq 1 oL 2

. STTeRTOT ST W EHIT &1 ¥ T4 SO it &

2
3
4
5

g, oY I O

1. e qTfiehtor 3T a&q TE= o sie HEed Sl T Al
2. T-SIEfE i | Bi forvree 0 geed 82
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3. 3feh it | SAT9 TR 3TTETE T STANT F¥ L ohd &, FHRT Toh IATEL0T Aoy
4. VTYUT-H-UT3 TUITeAT H T&elT =0T T 87
5. %] TEAM H "l I STHHRT T ST 82

T 4. UTTAA TSR o 1A LA 2ok okt fHATOT

(Building Neural Networks with Python Libraries)
FUAT SHITTY T STT T SR ST =Ted 8| 3T [EATA § ST §¢ I HHe 57 T & AT AT 36
St 8 S o fAIT TR & qam |t T SUERT S Eehd 8] TTHe TATgsil =Ne Heeeh s % fig
36 TN 3T LT 71 o TH AT 3T < © ATToh T TSSITS UX ST Shisd L Hehl
30 O |, 87 Al o T Arerwares araed argsidl o a1 # HiET 37T gEafaiad 3iehi sl qg=m- & fou
AT TEAT =LA ~2eh sG]
4.1 WETQ'@'{'TEETW (Introduction to Python Libraries)
Al % ToTT U219 U TR ATeT 8 RAifch SEH s SThITTel 371 SWRIT # ST aTgsit 81 ATgsikl
=1 Qal-fTfad hie o e o &9 H |l Sl S0kl I § Y& foh forr ff¥re sl s  wee s 2
B oI e ATgsit o1 SR i, 3 &:
NumPy: T w@fsramsty o fore diferss aresith 218 Ut 3T 878w & 919 6™ i § gaRT gerrar
AT 8, ST A Heaeh H ST T TTdITered T T T ol
TensorFlow: Google ST ferféd oIg UM W =&t eaeh s R ARIfad i % oy Th
NIENISIRIEED
Keras: Tsh W—W API (Tetehe™ T $27%d) S TensorFlow o IS WX =iefdT 2
FE LA "2Teh ST hl TN ST b SIS TSTaT §TeT ST 81 8H Keras T STANT |

Matplotlib: T 3TR =TS S o foTT T ATSsRY, ST gAR ST 37 TRt &6l o | g9 ST
HLAT 2

167



€D Import Libraries

9 (x_train, y_train), (x_test, y_test) = tf.keras.

B . 4 [

‘='i§ " e b “ih .datasets.mnist.load_data()
import numpy as np a : % : A
5 T NumPy TensorFlow x_train, y_train = x_train[:10000], y.train[10000]
e i x_test,y_test = x.test[:2000], y.test [2000]

import matplotlib pyplot pit | .
x_train, x_test = x_train / 255.0, x_test /255.0

e —

Import Libraries

@) Load & Prep Data
<. import numpy as np
import tensorFlow as tf

.+ import matplotlib.pyplot 2 plt

X
@ Build & Train Model

|
> Test accuracy: 0.95 ‘

> The model predicts this digit ‘
is: 7

Prediction = 7

o o u e

012 3456 79

@) Load & Prep Data () Evaluate Model

1o 4.1 : TRT STIg5R1 T 37T 3R Qe =T 72 a1 %1 HITATE
4.2 ITIAT YT FTATATOT TATIUT HIAT (Setting Up Your Python Environment)
frafor 3% S o T, SAT9eRT 37 SATgsi i $ETel ST BT AT SAT0eh T8 RIS $E2Td ©, d 31T

SATHT FHHTS YTFeE AT SHAT Wit Fohd & 3T 37 HAIS hl 21857 o Fohd &

Bash

pip install numpy tensorflow matplotlib

S 3T €1 U8 I8 Tl FB SIS R SEEIA hUTT ST HATTeh! =R
4.3 fmioT (Build) @ St aites: -t a9 ssa-wla

4.3.1 A== (NumPy & @T9): TTTOTE T AT

T gfenion #, B9 U = o ToTu TioT shi =ior-ax- =T forerd &
3e7e¥YT Python FIS & arey

import numpy as np

# Inputs (e.g., pixels of an image)
inputs = np.array([0.5, 0.8, 0.2])

# Weights (importance of each pixel)
weights = np.array([0.4, 0.1, -0.7])

# Bias

bias = 0.3
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# The neuron's calculation

z = np.dot(inputs, weights) + bias
output = max(0, z) # ReLU activation

print("Neuron output:", output)

4.3.2 ITA-EA0T (Keras o ATY): TAR SATHT hT STANT HIAT

Keras %m,%wwwﬁﬁ%aﬁgﬁmjma@f@qﬁww Hhd 8 g T :qul:fa?mrlﬁﬁ
fora i sTrarwreRar 7 21

3e7e¥Yl Python FS 3 ar

from tensorflow.keras.layers import Dense
# This one line creates a layer with 10 neurons!

# It automatically handles all the weights, biases, and math.

layer = Dense(10, activation="relu')

4.4 qasﬁza%%aqﬁaaf%rqg@am (Key Components for Building a Network)

4.4.1 &H (Layers)

9 T (Dense Layer): o8l WHT=T W (S1IR)| S8 W H Fedeh =R fUaell 0 o Tedieh = 8

ST &l

WA U (Flatten Layer): I8 Ueh for wiq ® fSreent Sy sfea & fog fomam sirar 21 7% fusder

(SE 28x28 BTN o 2D T 1 T ohe, el 1D Felt (784 WA hl) H WA LT @ ATk 39

S WA H ST ST T

e TN WawT (Loss Functions) (TTATH™T st HTUAT): BT e Jedeh hl SIdTal & foh SHeh!
ferserarof} fohait Teta oft| TfSTeqor 61 oTeT 30 T sl fSIaHT dia 21 3aHT BieT ST 2

® sparse_categorical_crossentropy: T T IUANT AT(TeRL0T THEITSTT o oI st & STl I
Had Teh TET § (S 3 '7")|

e 3ATEHTSS (Optimizers) (HRE kT WHITe): ATfteuTssy a8 Temien & S &1 &l 7
% T T 3T ST 3Rl 37era T 2

® adam: T SIZd AR S TS HTTSHTSST I8 ST GHEATHA! 6 [T Toh S84 J[ESATAT
feig 21

4.5 3ATYRT WWFW: THUAATSUECT 37k AT TehiuTeRdT (Your First Neural Network:

The MNIST Digit Classifier)

AT U ATk Tioige sHT4! 89 TG MNIST S2T8E o SUAIT hish g&dtoirad 3iehi (0-9) i
T o T Teh =Xt 2aeh ol TIRTTETd shidll
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0T 1. F‘ITS’@'&W?#{ (Import Libraries)
3e7e¥YT Python Fig & qre

from tensorflow import keras
from tensorflow.keras import layers
import numpy as np

import matplotlib.pyplot as plt

TAUT 2, T ATS R ST IR Rl (Load and Prepare the Data)
& MNIST ST TS Fd & SR Fw Tt M-S i €
3e7e¥YT Python FIS & Grey

# Load the data

(x_train, y_train), (x_test, y test) = keras.datasets.mnist.load data()

# To make it faster on slower computers, let's use a smaller subset

X_train = x_train[:10000]

y_train =y train[:10000]

x_test =x_test[:2000]

y_test=y test[:2000]

# Normalize the pixel values from 0-255 to 0-1. This helps the network learn better.
X_train = X_train.astype('float32') /255.0

x_test = x_test.astype('float32') / 255.0

# Reshape the data: flatten the 28x28 images into 1D arrays of 784 numbers.
X_train = x_train.reshape(-1, 28*28)

X_test = x_test.reshape(-1, 28*28)

TRUT 3. WIS SATU (Build the Model)
B o (‘T(Eﬁ) I &L HH & foTT Keras & 31??7&!35 (Sequential) HTSe 1 3TN A &
a7l Python FIS & arey

model = keras.Sequential([|
layers.Dense(64, activation="relu', input_shape=(784,)), # Hidden layer with 64 neurons

layers.Dense(10, activation="softmax") # Output layer with 10 neurons (one
for each digit 0-9)
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D

TT 4, HTSA Hehferd i (Compile the Model)
TH UTSH ! SIdTd & foh el |G 2
a7l Python Fg 3 arg

model.compile(optimizer="adam’,
loss='sparse_categorical crossentropy’,

metrics=['accuracy'])

TROT 5. ATSSA i AT &Y (Train the Model)
3e7e¥Yl Python FE 3 are

history = model.fit(x_train, y_train, epochs=>5, batch size=128)

TT 6. UTSEA AT Wm} (Evaluate the Model)
378U Python FIS & Grey

loss, acc = model.evaluate(x_test, y_test)
print(f'Test accuracy: {acc:.2f}")

JATIRT AT 0.95-0.97 T TR @t =, foraert 279 2 foF 97 7, 3@ et I T 95-
97% @& 8!

TRUT 7. ek WIreAaTuit skt (Make a Prediction)

ITST G o Hige TN 18107 B | Yeel! S & [Ty s sifersraoft shar 2l

3e7e¥Yl Python FIg & Grer

import numpy as np

img = x_test[0].reshape(1, 784)
prediction = model.predict(img)
predicted digit = np.argmax(prediction)

print(f"The model predicts this digit is: {predicted_digit}")

R (Summary)

® NumPy TTfUrd & foTU ®, TensorFlow/Keras 72aeh s & foTT & 3T Matplotlib wifeT o fow
2

® Keras =I(e Hedeh ST i L R A ST 2
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e MNIST e Bfa Ug=i o foTu ek FeATitres "2l dee 2
® FRIYAE 8: T AS L — HISHA T —> HeA(Ad L —> TR L —> TATHA B —
wforsgaft s

AT AT ST

A, Fgiasheda uH

1. i €T TR TSR XA, S-S $eTHH o AT = "edeh s o 78 Jer 3751 22 (39)
NumPy (&) Matplotlib (¥) Keras (§) Pandas

2. Wied (Flatten) U (QIER) 9T e 872 (37) I ST ol ATHT=ARA i 2l () TE 2D BfA 1 1D
T H & ol 2| (7) T earsh § 3Tfaeh =R Sedt 21 (3) I8 HISe hi Hehford hid! 2l

3. MNIST 3IETEX0T H, STSCYE T o TSR] HaRT "HITeHaE' T FT 14 27 (37) T FROMcHE A
=1 kAT 8] () TE SATICYE hl SWTAATH] H 98 odT & FShT AT 1 BIAT 81 (H) I BT hT 70T
HAT 1 (T) IE Sf ol THAA T 2

4. TAX MNIST Hied # @ HawH 91? () adam (&) accuracy (d) relu (3)

sparse categorical crossentropy
5. model.fit() AR &1 AT &7 (3) T TIEIVT ST T HISA T AT LT 8l () TS HISSA 6l
AT T [HHI0T HLAT 8 (§) TT ST T HiSe I FIRTTETT LT 2l (F) I8 Teh WorsrdToft el

2

. ek T W

1. o ¥ ioredr s fsmers 3 forg emssid 2

2. Keras |, 379 U Hiee & 37eT YTdT bl @ hLd B

3. ToeRIeT AT 3T 0-255 © 0-1 7ok Tohet L shl ITshaT Rl T AT 2

4. SherT 8 SfaTaT & foh TRTeror 3 v Higet fohaHT 31=aT Yesi+ L @I R

5. € TATIISH & ST BT 1 hH i o [oTT Hige & 9T T 3T (T9S<) FHaT
2

. e 9T 6 FaTl

Keras 3 3TTTeRT Seieh =L o ToTQ TIOTd 1 G fore sh SATearehal aid 8
MNIST 228 § FHuel I St aidt 2
e SATCHTESR 3T HTH BT e ol =[AaH LT 2

ST T HTHTITRA Sl § =LA H2aeh hi oSl IR SEa TIR11ead i H 7ag et gl

b=
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5. EIﬁT&‘IUT%aTE{, evaluate HeaRTT HISH ohT TH&T0T IHT 227 WX HLaT & Tore 12 3¢ wisrterd fomam mam
Tl

g, oY I O

1. O AT T STZAT it ST aTedt &7 I ATgsit o A 18U 3R &9 § Sdisy fh Iae FT
LT 2

Keras H =e ~2ah ST 31 ITANT T o BT T& SN hl Gl 1Y)

T Bfer ST AT 0 3T 1 o st o w1 | 7 arET=iehd i 22

TTST&T07 227 S qteqor 271 o sffr o 3aT 379 wreer 7 AfSrw 2

0.96 sl TIehaT T T 37 22

wok

T 5. TIT TAR HIET 3T G AT bl TR HEAT

(Preparing Data and Training Your Model)
A ot foremefT =t waet weTy foraT wier et il get a¥e, SATT skt sed S21 U =LA Heafeh shi
el T Hehd| STTURT T8 GIT T ST 56 O H, T € foh ST oht 9fereqor o fo7e o am fora
ST 3T 78 8 qHET ST {36 57 Hiee + 7<=t aie | ¥ 2
5.1 2T AT 32T T TIAR HEAT (Data Preparation: Getting the Data Ready)

el ST STFA TT-aT Bl 8] FH S-S YT & Wbl & AT UH ITET H & Fhell & 576 T
Tt THEan| g6 36 U1 R ohl SATETIehdT 2

Data Preparation Splitting Data

Train the network Test the network
,,,,,, 22222 222222
o Train the network Test the network

Normallzahon = \:" ue — Min_
Aax - Min

Reshaping Preparing Data and
354452 b Training Your Model
16 574 80 O, 1

cat[1,0/0] Training Concepts
Dog | 0,1 o

Bird 0,0/ 1 suslsma Epoch

One-Hot Encoding -

Cat# (10,0 | [0,0,0,1]

% | e —
Dog#/ 0,1,0 | {0'0'0'1 — —’ 1 - 1 epoch = network sees all training data once
Key Terms i Loss —8—
Y Total mistake score
|22% Confusion Matrix S & Accuracy
|==2® , 1 epoch = network sees all . — , Percentage of correct

training data once predictions

0123456789

# | Confusion Matrix
9| Detailed report of results
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[or7 5.1 =RET 72ah | ST ATRT SR HISeT 17870 1T
5.1.1 FTATASHIT (Normalization) (U TS Teh &1 UHT WX TE&)

a1 ToroRiT & Sfeht T T T shl hedT hi: Tk T HAERaH 50 3o § 371 g8 T Afrehan 100
3o 81 3eh Foaet ot Bt o foTe, 19 3¢ wicrerd # s1get <7l AHT=iteRter $e1 o forg oft war &
AT 21 T Tt AT T Tk W ST H Thel LT 2, AT 0 T 1 doh|

I HEAU! & HAiTh AT TF FTIE 5 98T & (S ATl # 377 3R o 9gd DT & (S 1), Al
<t HET Hig i iR o ETe &1 ehd 31 ¥ W ©

AR = (e — =AqH) / (FATeehad — =Aaw)

3GTETUT Python F1E & TTIT

import numpy as np

# Student scores out of different totals

scores = np.array([45, 80, 90, 60, 30]) # Max score here is 90, min is 30
normalized scores = (scores - 30) / (90 - 30)

print(normalized scores) # Output: [0.25 0.83 1.0 0.5 0. ]

Tuft 37k 37eT 0 37T | F ofi=r 2

5.1.2 9: TR 3T (Reshaping) (ITHRR TTET)

TR dedeh 22T ol Uk fAfRTe UreT & 3198 hid &1 gHN 37k IiffeRturehd! o folu, AT 91e 28x28
St off| ifer Teelt S0 T HETstl 1 U Teha, |Te e shi STUET Fd! 81 §H SRR Hl (28,
28) ) (784,) H gt o fotu reshape T 3TN L B

5.1.3 I-81¢ TrehITST (One-Hot Encoding) (Ql'ﬁlﬂﬁ‘ %5%11)

afe AT Sl i et "o AT et % T H affehd ST ATed 1, Al 3T e il had
Y168 &l S Hehd| HATIh! I8 TEATAN § et shl TTaTIHT 8l TI-81C ThifeT Tcdeh Uit o foT Teh
AT T SR I3 1 A7 0 | Tl ek var st 21

"Cat"—> [1, 0, 0]
"Dog" — [0, 1, 0]
"Bird" — [0, 0, 1]

AN MNIST 3@ H, ®H UHl Al FEwwal  q8 ff Rk
T sparse_categorical_crossentropy BT 3T ST fohaT o, ST 8K fow 3 deiTerd 2

5.2 21 farsrer: ufsreror AT wderor (Splitting Data: Training vs. Testing)
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AT fopeft forermeff ol ugT ST wieTor st o foIe Wk &Y s o1 ST el hid 81 =Lt Heefeh o foTg
oft THT &1 R1 B 379 2T T & ASHT-STAT W 1 ferifra shm =nfew:

TTSTEIOT 22T (80%): AT ForaT 3T 3Heh W shl THTHISTT i o foaq SuiT fema Sirar 2
THUT 2T (20%): Shacd 3 | T8 STie o [T STFAT foham STar 2 for Jeaeh U, 3Fee 3aT W
fohaaT ST=T TeTiH LT B T B8 SdTdT @ foh o diget 3 arede § € @ a1 fid e foram )

| 20% Testing Data
Used to Test the Model

T 5.2: U% S22 1 JIRIETVT SR GRIET0T ST 8 1391157 341 1o ared] sl
5.3 WﬂﬁT&TﬂT SATELRUMT (Key Training Concepts)
5.3.1 9 (Epoch)
T 7T (TUTE) 1 7ot & o Aeareh 5 @il TfRTeror 21 ol U o <@ form & 311X 36 310 Wil
FERITSTA 3 T 8 SIRTETO STHAR 9 s 71 (S, 5, 10, 50) o FoTe et 81 SH-St8 7T oht S
Jqdl 8, 2eh 3194 h H Jgal 3T S&dt gIdT ST 2l
5.3.2 T (Loss)
T Tk ST 2 S At @ for diea i wiirsganforat ferde wera 81 wfvreror o e 59 g i
TSTT E1al 21 3T BT ST 81 3T 36 " TeAdt &R o &9 H 9 9ohd &
5.3.3 Eetehar (Accuracy)
HEHAT e AITATORIT T NTaRTd 8 Afe Hieat 100 ST H & 90 31 Tt ITTHH I &, AT 36eh!
TEHAT 90% 2
534 ‘Hﬂ"ﬁﬁjﬂl‘ (Confusion Matrix) (Tsh '%l'(-?fl‘ﬁ"iﬁé)
T 1T AT B Tl 8| T I SHHT o6 TIETOT 2T ST L ST 1% T ol JTrerd
FLAT B Tk Hige ST AT "hTS SR T2 it wforsreoft st 2, 98 99% gtk 7, Aferd T
SR B Ueh yH Hfgad Sferen foeqa foramor < 2
IE Ueh WA 2x2 TATCTHT 2 ST ATSSA ol WraTioRiT 6l JorT aredforeh STl | i 2l
ATfeTeRT 5.3.1: 9H AT TIEAT (Confusion Matrix Structure)
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wiereaTutt &t T8 TR wiersaToft &t 78 TRRIHS

JrEafaer | T UhRIcH (True Positive - TP) | Teid TehRIcHe (False Negative - FN)

qEafdes | Teld GhRIeHe (False Positive - FP) | T=aT TehRIcHe (True Negative - TN)

Tl RIS (True Positive (TP)): T 7 "81" haT, 3 I Tl o)
T ThTIcH (True Negative (TN)): Hige 4 "7 ahar, 37T Ig T om|

TeTd BRIk (False Positive (FP)): Hieet 4 "2l e, wifeh € T 9T (Teh 331 ™))
A TRTTEH (False Negative (FN)): HTSd  "HE1" FaT, TR I8 Terd AT (TF <))

5.4 TTHTT AThIUT WeTT (Common Activation Functions)

T8 T +ft 57 e T g, TfeR 3T1ST Ifrarr % Ha # 3 W K 2|

® ReLU: fdt 85 Wal & foTq HRIS =IeT I8 AT 7 7R haet ThRIcHS Hohdl ohl TTRA ok
dedeh ol et U g H Heg hidT 2

o ToHTEE (Sigmoid): fe3maT arfienor § 3TTSeqe wd o feTq FHurfershl 8 0 31 1 o offr ok T
TSI 2T 2

® Tanh: TS & G, AT 361 HTSYE -1 § | 3hT €A1 H BT 8| I8 q START BIT § 9
ST H S NI A &l

5.5 3H Ueh AT TEAT: Ueh O gfsreroT SeTRUT (Putting It All Together: A Simple Training
Example)

TS T i foh B I8 AITHATOf AT T & foh ahig foremeff UgTs foht 7T 5iat o 3TTYR W I
(1) BT 3T e (0)| THR 9T 10 Termfera &1 221 2|

3e7e¥YT Python FE 3 qre

import numpy as np
from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Dense

from sklearn.model selection import train_test split

# Data: [Hours Studied] -> [Pass/Fail]

X =np.array([[1], [2], [3], [4], [5], [6], [7], [8], [9], [10]])
y =np.array([0,0,0, 1,1, 1, 1, 1, 1, 1]) # 0 = Fail, 1 = Pass
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# 1. Split the data

X train, X _test, y train, y test =train_test split(X, y, test size=0.2, random_state=42)

# 2. Build the model

model = Sequential([
Dense(4, activation='relu', input_dim=1),
Dense(1, activation='sigmoid")

D

# 3. Compile the model

model.compile(optimizer='adam', loss='binary crossentropy', metrics=['accuracy'])

# 4. Train the model

history = model.fit(X train, y train, epochs=50, verbose=0)

# 5. Evaluate the model
loss, acc = model.evaluate(X test, y_test, verbose=0)

print(f'Test Accuracy: {acc:.2f}")
8 T IS ol 2T | NRTTEAd S ovaqor foru TQ Hiser aeh i i Sishan o 2

I (Summary)

o NITRTETT ¥ R ST I HIHRIERT (Fohe) TR TH: SRR feT ST <1ty

<1 ot wferT (Eie o for) i wlteror (qeaier o for) S 7 fervfor foram simar 21
e T WRTET0T 2T 3T Ueh TR T 2T 2

BT TQAfRIT 2l AT 8, FTehaT J[EAT I AT 8

U g Ao Tt 31 Tera wiersranfor s fereqe foremor 3ar 2

YT IATE ST
. Fgfarshedta T
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1. B S0 ! AT AT A 87 (37) SITHE 3l BT S 2 () Tl 2T I Th THE G W/
T T Tk I3 Toh ToRIST BT 7 2T (§) 22T b AT T S 2 (F) 2T 3l AIRTE0T R
Tliequr e H forwTiord e =

2. IRTETOT H Tk I (epoch) T 31 27 (37) HISH  Toh Thel B <@l & () Hieed + Teh IR 370
T oh! AUTAINIG fohaT € () Wit + |ft 3107 ST ol Ueh IR 9@ ot © (3) HiSet oht qireqor
[ERIRIPIN

3. Ts ‘Hﬁﬁﬁﬁ'ﬂ (confusion matrix) o, U "TTeTd HhTcHeh (False Positive)" <l g 7? CIEISS
I @ g g i wferrEoft | () Higer 7 "2 it wiersgaoft Y, <ferT ara ¥ g =
ol (§) Hieet T " shi wiorsraoft oY, Afer areqa | I8 " ol () Hied I el @ ¥
T siforsraoft 3|

4. Toammam (&7/<) anffeorshal il 3TTeee TRd o fTT I | AR Hhaw Hardl 3787 82 (37)
ReLU () Softmax (¥) Sigmoid (<) Tanh

5. BH U ST TETe e shi STaeIehdl Rl 87 (37) Hied i R TR i g (F) e ST
T HTSA o Ta3H hl ST i B (H) ST bl AR i 8] (F) WS Areqehall ST o

. fm e W

. AT R 0 9 1 Y € H et A hY s T HET 7T 2
T 39 ST I Th e I TH ¥e 1 forvrfora ohea 2

TS QTCToRT & ST HiSt ohl |t STR TTerd sfarsIaTor skt foreqa foramor ot 21
Ea] T =1 379 ? foh Hiset svH Tafat st T R

TherT Tt g et ok foTe wek SR forhe & ariifen o1 weet S awt R

S

. O qT A0 a1

1. 370 HiSe ol eI SET S T HAT 31k & Foresht ST 7o SfRreqor oh fer fefar om
2. W1 gHRI fohel! e o YR 1 @l 719 it 8

3. WTHTRITERIIT Ueh =Tt 1eareh i il § NI s H Wag L aehd 8

4

5

. HaTH HISS STH S o T I ol Hea gaeT Sifershas g1 =niey|
. T 9w A & Hiee g ot ST &1 AT o Tohi i THE H 7eg LT o

g, oY I 94
1. T 3T TRTEIT SR Teqor §ef # frdio s i wecaul 82
2. %’Iﬁ(loss}iﬂ:ﬁT W(accuracy)%aﬁaw A ?

3. Ueh UL ISR o |1 ¥ BfSH (confusion matrix) % IR I&&T (TP, TN, FP, FN) &t s
EZ
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4. It A ToRElt = Tearsh i 38eh U AT I THTRAhd (T foT Tk Bfd Raarmd &, ar &
B EohaT 87
5. gt forel Hiea § Soo UfTeor Gdiendr & wifer e aieror gdierar ®, 1 ST 4T &1 Gehd! 87

T 6. ATTRIUT HISA T [HHTOT

(Building A Classification Model)

TT & H T Y01 F1ehL0T HIST ST Hel Fe U H1Y W@ &| 87 T Hla, AT Ao St
% ISTETT T STANT hidl: T JITsFaoft AT foh FT (Riya) 39 3R W "shisd (Focused)" B 4T
"feraIfeTd (Distracted)" B1Y foh 36k SAfc TS (@) % foha ww sffd =77 2

6.1 TuET: T Y veRTar (The Problem: Riya's Focus)

T i 2 for e § SHeh! Tohtidar 38es WIS o JHY W [ it 21 98:
forartera (0) 2 WISH & 18 9eat 2 i o e (95 w1 §9)|
Hfea (1) S F 39 5 5 a1 (forespa walh)|

forartera (0) @ TR & 5 5 o o718 (31 @)

I8 Th a1et fgatmemt aefiertor (binary classification) ¥9¥IT H

6.2 TUT-G-TRUT HISeA ST (Building the Model Step-by-Step)

=T 1. @?@ZWTE (Create the Dataset)
Y TR o 3T o TR 9T Tk BT S8 ST

3e7e¥YT Python FE 3 qre

import numpy as np

# Input: Minutes after meal

X =np.array([30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, 360, 390, 420, 450])
# Output: 0 = Distracted, 1 = Focused

y =np.array([0,0,0,0,1, 1,1, 1,1, 1,0,0, 0, 0, 0])

=0T 2, 321 Tl (Split the Data)

3e7e¥YT Python FIS & arey

from sklearn.model selection import train_test split

X train, X _test, y train, y test = train_test split(X, y, test size=0.2, random_state=42)

TRUT 3. Keras o OTY WIS I1TU (Build the Model with Keras)
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T T Tl 8% URd ATel et Hedeh ol ST |
3e7e¥YT Python Fig & qre

from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Dense
model = Sequential([
Dense(8, activation="relu’, input_dim=1), # Hidden layer with 8 neurons

Dense(1, activation='sigmoid") # Output layer for binary classification

D

TT 4, TS HehfeTd hi (Compile the Model)
378U Python FIS & Grey

model.compile(optimizer='adam', loss='binary crossentropy', metrics=['accuracy'])

TUT 5. HTSA ekl UMTFRIT ¥ (Train the Model)
378U Python FIS & Grey

history = model.fit(X train, y_train, epochs=200, verbose=0)

ST 6. HISET T GedTeh Y (Evaluate the Model)
3e7e¥YT Python FE 3 qre

loss, acc = model.evaluate(X_test, y test, verbose=0)

print(f"Test Accuracy: {acc:.2f}")

=ut 7: foreqa Afgera wTe Y (Get Detailed Metrics)
3&7eXT Python Fg 3 arg

from sklearn.metrics import confusion_matrix, precision_score, recall score
# Get predictions

y_pred prob = model.predict(X test)

y_pred = (y_pred_prob > 0.5).astype(int).flatten()

# Calculate metrics

cm = confusion_matrix(y_test, y_pred)

precision = precision_score(y_test, y_pred)

recall = recall score(y test, y pred)

print("Confusion Matrix:\n", cm)
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print(f"Precision: {precision:.2f}, Recall: {recall:.2f}")

6.3 ﬁﬁwzﬁ‘rm (Understanding the Metrics)

FHAT (Accuracy): (TP + TN) / (Total)| Hieet fehaT s a0y €9 ¥ T 22

9RITEAT (Precision): TP / (TP + FP)| & Hied "shisa" i Wiorsamot & &, 1 a8 fohaeT s
T BT &2 (TTUTaT 6|

TAEEROT (Recall): TP / (TP + FN)| 37 |+t o} & & S far areaa # "shfza of, diea 7 fora &t
TeRET? (HTAT 36T 1Y)

6.4 Tch UHTT QHET: 31'%—31’@'5@? (Overfitting) I 3’@‘ A SR (A Common
Problem: Overfitting and How to Fix It)

efi-anell, Tor Hiee TIRTeTo 221 i 98d Tos aie ¥ €I oidT &, FSres 36eht 3T X aredt 7 +f
ST & ST 21 38 ATA-3TTHeH (overfitting) F&T SITAT € 78 TRTET0T ST T g4 3T=T Ja3H FHLdT
?, AR T, 3T THETT 22T 9T T YeTi LT 2l T8 Tk foremeff it aig & S forsr it ey form
I T TS L T 2

SI3ATIE (Dropout) IATT-STTHEH T Tk T Toh TS ST TR T 2

ETISTSE (Dropout): TRTEVT 3 S, T8 Teh T H =6 o Teh T i saclel &1 § "5
AT B T eaeh ! Tordl! Teh =0 WX a1gq 7ok fft T 1o o foT o et @ 37 31 asteg
fereramd e 2

AT 319 TS H Ueh SIS T SIS A 3 {5 1 3699 T fierd 2

3e7e¥Ul Python FIg & Grer

from tensorflow.keras.layers import Dropout

model dropout = Sequential([
Dense(8, activation="relu’, input_dim=1),
Dropout(0.5), # This will randomly turn off 50% of the neurons during training!
Dense(1, activation='sigmoid')

D

model dropout.compile(optimizer='adam’, loss='binary crossentropy’',

metrics=['accuracy'])
history dropout = model dropout.fit(X train, y train, epochs=200, verbose=0)
loss_do, acc_do = model dropout.evaluate(X_test, y_test, verbose=0)

print(f"With Dropout - Test Accuracy: {acc_do:.2f}")
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Dropout helps make the model more general and reliable.

/3\ Randomly drops out neurons o
e during training. ‘

[o7 6.1 U T A 7 SIT3TI32 1 SR 5@ 1] 1]

H|RIIT (Summary)

o TH T U1 fo3trardt afiertor Hieet s

o TR o foT ST Afgerd wetehar, TRRTEdT, TReor 3Ry afgem &

o Ad-3THeH (Overfitting) T BIAT & STel s HISeT TIRTEAV ST W =BT YR HLdT & Afohe]
TEET 22T TR G YR LT 2

o SUARE ANI-ITTHTH il Ukl o [T Teh T S THTET TohTh &, ST TIRTET0T o SR =RH
I SIS & H &7 o ot 2l

AT AT ST

A, Agforehedta 9

1. i it e 30 99 1 S ) @ "Sae IR e 1 Shisa T, 3 O fhdet o T wel gno”
(3) TR () TR (7) TFHT () BT

2. U U ST UFRTEI0T ST Rl AT L AT & Afohe ¢ ST T faehet &1 1T €, a7 ey o & fifea 2
(37) IT-IAHTH () HAId-ITHH (H) I=a GAE (3) FH =T

3. SIUATSE (Dropout) T T LT 82 (1) T8 H2aeh H ek =L SISl 8l () T8 Hd-T{heH
T Ukl o ToTT STRTETOT oh I =[-8 2l SR Tel & 6 §ig L It 8 (/) I8 |G shl 3 T S@Td
21 (3) TE TTIL 22 I A=A ! 2l

4. Toammeaml anffeor o T, STTSeYe a W fohe |iSHAUT HawT 1 START foRaT STHT =M1ET? (37)
ReLU () Tanh (¥) Sigmoid (<) Linear

5. ym Afe e gHg | Heg AT 22 (3) Shadl THT HtehRdT () Tt 3R TTad afesranfort &
T () T | () I AT EE)

. s a1
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1. T o 3TTEX0T H, ATIEE AT A "hisd" AT "Toraterd” o, e fTSRTOT ShaT STaT
2l

2. Hifgw I AR FehTTcHe AT o STATd bl HTTAT & Fore Wel & & wg=r
T )

3. U fHAfHeieRtoT (regularization) Tk & ST iﬂﬁ-dalgcgﬂﬂ EARIETE R R =2
2l

4. T Hied ST 2, 98 TITEI0T ST UX 37T TSI hdT & SAfoh TE 21 9T Ee
T3 AT 2l

5. o i fgemamt afiertor aue o fora ST foram ST aret 81 e o]

. T qT AT qaT

1. SfTeror &2 o quf Heiehar aTell Aisel gHIT Hedl 3= Higd 2ldl

2. 39 qoer o ‘TF(-‘Q@EH (precision) R gq@iw (recall) 3Fehel Gahar i RSEL T At
SR 2 2

3. SIUSTTIZ T JUANT YTITeT0T ST G0 1T o SO FehaT ST 2

4. HAfI-3ATFH (Overfitting) T 37 2 foh Hied ST HiaH o foIg aIgd wxat 2

5. Tgemam afiertor 3 fore um Afderm 2x2 arferat 21

g, Y I O

1. t1'?’\'5(‘]3';\?”(precision) ﬁgﬂ?ﬁm(recall)%aﬁﬁ A T FHIfT |

2. Cﬂﬁ-iﬂw (overfitting) FIT 2 TR T T THET T 22

3. SU3ATIE (Dropout) T ST § = H&aeh I el 7ag fHrere! 82

4. e U feurfa o1 ol R STEt o diehaT WTHe B Hehd & 3T 9 Afe ferss Syt g
5. T STehT0T HISe oh FHI0T SR Heaish shi O ShIATETE shT 90 A Teal H shifT]

183



HIZA 5. THATS TRATAT

(AI Project)

Higder @i ufi=™ (Module Overview)

TSI o SI-ETIeTd G H, SHi RGHTT (A ST FHEATSAT shi et T 3 FEN 2hl Fee &
o weh SrfheiTedt SUeRtor s T 81 Al TREISHIST W I8 $ohTS 37 S GHT JUTerat o forehrer i
TSI LT & ST 37 hTT ohl ol el & [STToh [Tl STTHAR 9T HTH HIHTcHh &3, S8 ST,
Toh AT S fufg AT i STTerwrehar e 2

TS U Al WIS o HUT STa=sh i ol Ld! ol TH o1 GHET i THATNT T, ST T
T, Ueh Hiee T, S STRTIeTe T, S8eh YT ohT ook AT ST AR fofsh - o SIS
& ToTT 38 AT T ST B) I8 SFafeerd Uishar awat Al forehma o fog 3tmasas 2

THTS T8 TaT e} foh Al afEieHTd grafies diteas foem @ 8 e 2idt 81 Tieee faswm
sk, TS I 3 Teige fard 8 foredt i) 39 3nms | ueh dre dieiae off et 8, s
forenferat o1 g foem it for Al Mtee &7 forerfta <t STy

3H TS b1 T A O, ST HYUF Al St ariferfaehl o ot smies waet St g STTaeht 310
Al T 376 it 3T 0w faman & asft @ foenfaa 81 @ & § 9imem i & fog stmewas 39
HI HIRTA T&H 4|

rfenT o ufuTTH (Learning Outcomes)

36 HISA I I L o aTE, 1T FTTRad H @& i

M FGATT (AL) TRETSHTST T SFTLRON 3R AE I qHeil|

e Al TN =5k (Al Project Cycle) 37 36eh faf¥r=T =Run sht SRem &

® Al ST IURINT ek FR(oIsh (AT %h! HHEATHAT 3l B T H WTH =T hi TE=H HATI
o Al fohm 3R UTiufies Hitea™R forenme o it ot el

® UF A AL-STHTNGT TISiae 31 ASHT ST, TSI T SR 39 forafeard s

o Ush G Al TiSiee Faie dam s
® AIHTSS o YaxH ol f2dwor 37 qeatieh Tl

HISTA HAT (Module Structure)
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T 1. Al TISi9e =56 (AI Project Cycle)
o 2. ISiae 1 (Project Work)
T 3. A TSR (Sample Project)

T 1. Al TISE Th

(AI Project Cycle)

1.1 ufe=

AL'TISIR =I5k (TT3(SheT) TSI 3T At oh fohell TrET T THTET i o STl i 8, AT &
TF Al Ui fashfid & O anfeeia <t 81 I8 SRur-gt-=/r ishar Al fasm Sfra=nsh (Al
Development Lifecycle) o & 7 off ST STt 2, ST A& bt ITH i o T ek wefrd Wi g
EQGiR]

Al SISt Sftam=rsh M JfgAT (Artificial Intelligence) STUTRA THTETI o forshrer 3 37
FHTAT (deployment) % foTT ueh srafterd fafer 21 Al Wﬂ'@@ﬁ@a“ﬁ‘f(@%% ERL]
i HEW (iterative improvements) I Bl © 37T 7R TR (experimental) Eé"i'\QEﬁ'UT El
SATTIHAT Bt 2| T8 Sfa=rsh AT a8 fF AL GuTem ASTed (robust) & 3R STaR Swt
R CEE

Al TiSTeRe HTgfehet Ueh Tifd Ifehan &, fSraw am st 9g=i (problem definition), ST @UE (data
collection), HigeT [EEE) (model development), IIEZI'IEFT (evaluation), FATIT (deployment)
S ot (monitoring) ST =T SIS 81 &, Hr%mﬂa%agﬁngmm TR THTLT IR 37
TSIy foRu STT Tkl

1.2 Al TISIeRe <5k ok TIXUT (Stages of the AI Project Cycle)

Al TISIFE Fgh & il TL0T 8| 33T Tedeh 0 hl Ueh-Ush shish ad|

Evaluation

Modeling

Data
Acquisition

a7 1.1: Al 51572 =55 & =07
1.2.1. FHEAT & fA0T (Problem Scoping)
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UL B SHTE HISIE 81 T8 BT AT LI € Hehcll 8| AT STET AT T 81 Eehcl| &) B HHEAT HT FHTEH
AT 31 36 7T I & AT B1aT 21 SIS T T Ievd forelt T it uTe @ieeT ara 21 foret
oft GO 7 g1 O o ToTU, Ugel 86 IUehT forsINuT shaAT BN GHEAT i fao3wor o o for foredt
T AT o ST ! TF §Y T =TT I 3 W T i 5T Th GI¥shIVT ST ST1eT| THET &
fefor (Problem Scoping)ﬂw%wmwm%aﬁﬁélW@?WW%W@
T IS AT & Foret ShTom SIfegmeim o Trer STer oht STTarvarehaT 21 S8H el hl TTF AT 371 3
T A 1 O ot e 1 58 ghedTyEe @] s & T fafie qg o Ao wwe
ATITIHAT BT &l 4Ws THEIT HeiaTe (4Ws problem canvas) @gﬁaﬁwéﬁﬁmmwaﬁ
e T TH L H FeIdT HLdT 2|

4WS TUTT HATTH (The 4WS Problem Canvas)

4Ws FHEIT hidrEd GHET o Ge YT TG deal sl G A U Hee Ll 81 4Ws
) Who, What, Where 31T Why‘%‘l’l’&lﬁ%l

WHY

for 1.2 4WS T 73T

o Who (S1): T&cAT W S ST ohl H2ieh hTaT € ST fehel e & THTIeI Bl & AT FHTE & SATwTi-of
BT 37 AN ol f&aeieh (stakeholders) ff el SITAT ® 3T 3ok o H ST hET hAT A
31 Tedumes 3 < B0 € ST 39 ST T AT i & IR T 8 ATTad 2 A8 sk
faferfiaa gt =t deifera seom
fequme & 892
AT 37 I H 7 ST 22

«  What (FT): 30 TS § GHET T G FAT HIT IHHT T AT FLAT IMHA 81 39 TR I,
STTIRT FHET T Tehfd (HERa i hi STTavaehdT 2| THEIT 91 § 3 ST H&l qadT JHT 16 T8
T GHE 87 Sfeaiiad 3wl i ST i & [T STHeRRT § TeUs 8 ST Hecd Ul 81 st o
IR H HIS[E 2 I8 |feId i o (T ATTeh! T1e ¥ff Tl it oh STATIshal 8| HHEIR 99 70,
wifea, BuITd SATfe Fe T &) AT scleh IR ST bl Hall[erd hi|
THET T 22
STIeRT ShEl IAT <o ok 98 Ueh THET 52 @18 3|
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o Where (g): S8 I8 SMHA 2 foh THEAT el ST el 85 @ AT1oh ATl ] THAT ST Tk I ITRTH
B T AT ST ST Heh| SATIhT TR o Hel/feufa/mer W ea Shigd 3 i Sravashar ) 3ad
ORI 30 B ettt feurfer, ek Eav ST 3 T o S ¥ Heg et Siet 7 e 2 9% st
feferiad wsat et ettt smm)
feqaTent w1 www &1 ST forg wa/feufa o grar 22
O et ford 82

«  Why (Fa1): 3ifaq W T fuffca sar & fo6 areder o wumam & fomd @ gmm, forg wwen =01 e
T 2T STITIHAT § S AHTE el AT (2T ST =AY $H FriaTe |, Hiel foh ST & feaement
o Y- THTST 1 ohel AT BRI I Sciteh (EATTRad ST bl HelTTerd s

I8 THTET e o foTg a1 Jega arm?
FET 3eh! et 5 SF gEm Ham?
1.2.2 22T ATIRUT (Data Acquisition)

SISie SR H GO =0T 36 SR %l U i o SH § ST IS o (078 ST1a9ae 2| ALumet
I Gk ST o T TRTIT HaAT 1T drier a8 wiersganfort s o g&rm a1 gohl

T AT, IS Teh et JOTTeft ST STedT & i RRe e s e &Y o7 it wfrsaft e
H G Bl 38 ITH i o o1, Toreft o e 39 forie s shi Ufaretiires oo steenit +ff g1 =iy
21 39 fUsel 3 327 o1 WfS1eTor 82T shed 8, Stelfeh wiarsy it wiersramofy 3 & forg sy fopg s
Tl ST T "LIeT0T ST o ®Y H ST STl 2

A 59 fofere foawon st uee & =med 8, 3% g fomiyand (data features) el ST Bl TAN
SETEXT H, TH HH=RT T ofdH, I ol SR gis, Ja oh S o1 G0, 2hig SHY TG AT &
Tehd 2| I8 ST Tkt R o farfiret afieh €, S

Surveys Web Scraping Sensors

API

(Application Program
Interface)

o 1.3: I8 82T U 47 & fafv~ diad
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the S methods of
data collection

03

focus groups

1.2.3. 32T A=AWUT (Data Exploration)

2T FHHRITM B Fhell & S JH 43T L Gehl &, W HEATHT § ST 227 S {ofSTATgSIT
ST S SRR ot Frrieqor s o T o ST @kt 81 9% Gemedt 1 g9l | aeet 3a1 @ i
AHFAT HTEM BT 81 ST Hl AIH IRMTHA-ITha b § Teqd A o Q38 a0
7%, [eEITE, 9T SR @rET 1 S8 et B SR foRa St 2
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o T IUHIUT AT - foIS[ATESIT T T T T FETIAT T & ob rswor o6 forw a6t | |t
Hieer a1 forfer s et Rl

® T T TAT AT - U1 T <A1 S8 33 I YR RIA i o fIq Iwmtt B & fob o1 s o
TET 8, 92 T 2 a1 feer 2, oo S119eht w31 <l uger i § weg fierd 2

o et TATST SHTAT - Uoh ST STl AT SFGfY UTH T Il &, 1 g3 Ao Il shil Gl 2h! T
T &1 2

1.2.4. ATSfeRT (Modeling)

ST et o foTu et ST ol 8t ST o T AT Sistare WTsRA 1 Ue Heca Ul dcd ol I8 el

! THSH TR T iAot S § Teq SH1ar 8| T |, ST ohl T TATTe o folt =1e a1 ume |

foama ST wehar 21 Al fored & sl s o foTe, 29 39 $27 1 VR 96T § SIgaT g fSteeh a1y

I FHTH L Heh, FhT 3ol STHAR T g4 AEH (0 3N 1) H giafiad T s 2l

TSI Teh T @I ST o oI @ SiT 2iiaT @ fob farfrmT $27 fofg weh g & o weiferd €1 7

I TE 8 S HRL T U Tga AT fehed T o6 oI Foamm STt 21 3 Hied evet S ieRon |

ST STTEe L =edeh 0ok &l Wbl o, SIT 36 ST 0 -1+ 3T & Tofs STToehi T BTRIe AT 8 T S

e freew tfdeTiies 3T & fam diw < &, a1 98 T ST o drer s Tt s Ehar 2|

AT AR W, Al ATSS ohi FEATTER afiehd foRaT ST HehdT 2:

Machine
Learning

Learning Based

Al Models Deep Learning

Rule Based

a7 1.5 : Al 518cTl &7 F0T
1.2.5. Gedieh (Evaluation)

T Al SISt TTsRaT o1 3HTqH =07 8] Teh Higet ST 3R IRIETT s o of1e, I8 S o o1y
U =B IE U TG 9T ¢ Toh Te Tohd=T 37=T Yasi shtdT 21 38k fofu, g1 g €21 J1eh
Te STEHT ST 3T ST hLd ol BH HISH o6 JaRI o1 Heaioh s Al & HTEN T Hd &
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TS AR, - HAT 10

PREDICTED
POSITIVE NEGATIVE

TRUE POSITIVES FALSE NEGATIVES

POSITIVES

ACTUAL

FALSE POSITIVES

NEGATIVE

[o 1.6: HIST & a7 & Hodl & HI7GS

® HHAT (Accuracy) - I8 HYUT SITHE & H HET HITRISTTURT 6 eIt 31 TUHT LT & HL A
T HETaRAT 2T L T & e ol

® URYIEAT (Precision) - I AYAT & foh IEeh! FehTIcwes A{aaTioRlt # & fehc1 €&t offi

® F1%HR (F1 Score) - 78 HIfZe TNIIEAT 3T TTEHIT &I e 2, ST e ST BT & S Th
=TT gEL O W 9 W ST ST 21 I el ohIeHeh HIT Terd FohIeeh o sitel et s §
e ST =l

o UFERUT (Recall) - HeRfierdr & &9 # +ff 1 Sav 2, a€ s fommn @ fo dfea a+ft
HhNIcH 3TN ohl fohd-T 3T=at I8 ¥ Tl &1 © Ug<T-dT 2] I8 GehIcHeh HTHAT hl Jehed shl
TEhT &THT oh! ST LT 2

I (Summary)

TE T Al TISi9e TT3fehet ST TR T ], ST Al THTEN S o folT ST 3T ST aTed! Ueh <RuT-
T-=R0T UshaT B 3au ferameff oo 6t ug=rme (problem definition), AU (data collection), el
frswoT (data analysis), #7&e FHI0T (model building) 3R Hei (evaluation) % s H Hierd ¢
g Al T HETIAT | ARAfarsh ST shT ST hl T i o [oTC Ueh T giEehIor Je T 2

U Il ST

3. Fgfarehedta T
1. Al =5k § 3119 a9 IeedT 90T e faiiad o & i |1 2rdT 892 (37) ST Ienrev () Higa
T (H) G &1 Fefn () Higet dardt
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2. WHET & LT <o o S, TS ohi 36 Y deal T [oeR sk qIe o o STae fohe
YU T JTART ToaT ST 27 (37) T2 [oIS[STATSSIv =Te () Taeed 39 (/) 4Ws HHea hdme
() T T

3. I &1 AT AL HTSH i TRTTT i o [T I=a-T[0radT aTet SSTHE 3hi Tohal ohie 3 qaR il
T hisd 87 (37) ST AT () ST AR R AR () Hised TIRTET0T () FHET & erior

4. Al'YISi9E =I5k § $T 3997 (Data Exploration) 3T 33 T 87 (37) T fararor st ufemiye
FET () Al Hise sl IR AT (&) ST fomsareti s amerT, 9 il ug=™ T 31
forgmTiorrt T aar ST (8) AL TS SRl dHTd ShET

5. frafafaa & @ &9 |1 Al diefei & us fofiry yer =1 freor-stenfa gfswor 76722 (37)
ueafera Rreqor («7) stwfRrierd fRreror (&) gaatertor fRreror (7) fram-smertia fRrerr

6. To& =T o wiwifarg diect o YexH T T ST i SUINT hich Tehed [ohdT SITAT &, SH &
HET ST 87 (31) ST AU (o) HiSe TIRTEAT () HiSed Hedioh (3) THE & i

7. Al ufeEsHTeT § it FrrT 3T Wet@Te (Continuous Monitoring and Maintenance) 3T
AT 87 (1) T8 G2 T & T ATSe Tod! ¥ a1 T ST () I8 Hied fg9e (model
drift) ST IdT ST TR THT o T1 JETH SHTC W H HEE T 8l (F) IE hadd i Tga it
o ToTT HATawae: 1 (3) I & 9 & TR Hied WIRTeT & o 2

8. Al ¥iSiae fmrft 3 wa 7 et fgwe (model drift)" o1 T 379 82 (37) Hiedt 5gd Stect gl
ST T&T 81 () HiSe 1 T3 Grursll & are 3Ter {6 S 3T 2 (W) anedfarsh giam & S &
TR o HTOT BT o Y& T8 o 1Y S &1 SITdT 2| (€) IS Ueh 3TeHT Hal 9 ST 3@ 2

9. FHfTRI o | I €1 Al HiSe T ol i o6 fIq ST foran ST ot weh wrr=r Hifdeh
&, Ty &9 @ arffertor it o fTw? (37) |1ed &t AR (MSE) () ST (§) FFRLIHd anTd
(%) farsisar (Latency)

10. Al SSiFe Sfiarsh o Teh TG (iterative) STSRAT o &9 H Sf0id foRa T 2| S6ehT T 379
87 (31) Tcdsh =0T halel Ueh ST YT ToRAT SITAT 2 (<) Sfshar tRaeh & ST =Ion o G o= i ol
AT Tt aoft 1 (/) Hieet i ufishd i ST aformT § gar # & fog o wfw & e
HFGL =0T O AT foaT ST 81 (3) sheled el =0T Jraeie €l

. e e W

1. Al TISi92 <k ST T&edT ST FEATT 2

2. & SH, SATTHIRIR G, TSiFe o el 3T Thaidl o HHee! ol
gty feram Strar Rl

3. YRR =R0T § ST i i, T, el 3T FA T o= Tl died & o
STFIL ITANT ToRAT ST ST Teh IYHIT B
4. TOT H, TISiee T TR I o 7T = Gidi & 927 Tenet fora ST 2
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5. T U ST H AT T, STEfET SR AT AT e 2

6. S0 T T § T ok TR ST Fe hl T&=H LA o =0T hi el
ST Rl

7. T IUYH Al HISH o1 =9 AT S Y FAR T 1T S H 6 AT RMiHe
2

8. TTITFRAd HieeT o eI ol 3T el U U-IeToT SRt shi Ifsha 2|

9. IE =T & SRl Al HTSH i SedTaH JTaTeRvT § Tehichd fohaT ST 2|

10. fa Hieet fge T UdT o 3T G0 o 1Y J&3i- o1 W@ | Heg T
2

11. Al IISiFe =5k T &9 § T SRAT 7, SIT HiSe ol IThd i o foTg
ST O AT 3 AT SR 3t 2

. AT AT 3T qdTd

1. AISISIFE <56 Toh (R WT5RAT & STET Scih =R0T skl Uk ST QU fofaT STt 2

2. aue & e (Problem Scoping) Al TSI =I5k 3T UEAT =T 2

3. T AR (Data Acquisition) TET T F Al HiS shi TeIiaH o @rer If¥ferd e o Sz
&

4. Iﬁ@?’fﬁ?l?ﬁ(Model Deployment) AIWWWW@W%@% s e =18 3R
TR T &I B

5. 4Ws GHEIT HAaTH Ueh IUUT © TSTEehT SU—IT 2T 19T <0 oF S foraT SITdT 2l

6. TTRTETOT S2T STR W& ST Al HISd o HeaToh o [T §H &1 ohd &

7. Higd H@W (Model evaluation) Al Hieet § EHTfed ‘El'fﬂ'fﬁ (biases) 3T TGS F | Heg
T 2

8. Hiee fgwe (Model drift) ® qTe & fof aTedfereh g+ o ST o Wosh H AT o hiL0T Higel &HY
o |1 AT FRIA & 1T 2

9. ST AT (Deep learning) Teh TR T f=H-3T4TIG Al Hied o

10. ST TUTERIT S AT T Al HISH o JERIH 9L IS Hecaqul T & el 2l

g, oY I 94

1. Al SISiae HT3fhet T 2 3T 36ehT J&d 3e3d T 87

2. 4Ws Problem Canvas ¥ STTHeT 9 dcd shiH-ahI9 & & 3T 3T Teed 37 872

3. 7T AR (Data Acquisition) T “training data” R “testing data” T T T 2T 22
4. S0 H=ANT (Data Exploration) H ST fIe[eTaTgsIer sl T {HehT BIdT 82

192



SIES) H\F\’?IW (Evaluation) & foTu form- Tt mrrrent (metrics) hT YT TR STt 22

T 2. TNFe w

(Project Work)
2.1 ai==

SIS e ARG foshTe o feTe Hecaqul 81 I8 Wil 175 STTURonsil shi areiee g ol feafa 3
AT L T Toh SR STEL TG AT &l TNASHIE IR hl T Toreqd 2@ forerfera st
2, fraw snfi, wefia @ ueifen ofit et fasdwor aeient | dehieht fererosrm smffrer 21 foreft
+ff vTeEshe & 30l & et ferameff i H & T Wisige I AT AT $HH 3 Ty Rl 3T=st
e © S 7 Heg e 37t smaeTite S fierm

2.2 TSI T o IR (About the Project Work)

e § 8 shiee dige e § 31 wiver  gaeht 3fE foram ST 21 Wsiere 1 amfesty whet et
I STtk Hiesieh o &9 H AT ILNT AT SHATETHIh - < forRIos g1 STl Arviesieh oh &9 # fehar

ST 1 feremeff et Sisige i wfer @ o fore wher fRrerss i faie e 2iar 21 Tside o 34 &,
forenfelat st o719 1w AT Uk TEaTaS Tieige e o ®9 | d= T B

T T ok SETA (Objectives of Project Work)

TISiee T o AfaH I2IAT kT 39 TR hal ST HehdT 2

o fo=nfifat sl Al ST STINT Fleh Tod= &9 8 THEATT I IR L 3T T i 37 giomdT et
ferfia ST Hiflgeh a1 &1 § S L o feTg wiRrferd sl

o forrfefat =l sl gfET (World of Work) H aTfersh Sfier =il SHeETeAl & 7T HUH|

o formfelt =t ST o T STl A TR W Gafelt bl aHgH o SATEX I T

2.3 Uraiere ferermar ufsmam (Project Development Process)

fornfofat st s1oaT WiSiee 1 F© B 7S I Aty & i U AT Bar @) Tk gfse §

freaferie fofg wrfiret grd €

I FFEHRT (AL T foenfaa s o foTe Te wefera gf¥enior it streaendn gt a1 Al S

TorehTer SITSRAT STTETON & IRt AT Tk oh =TT 2l THFITTHTE {@ifohd el 8l

2.3.1. AUEAT UfaTST SR et frerivor (Problem definition and goal setting)

o I YEHT AT HFTE i TIT T H TgaH S Al TISiae SR AT =Tt ol

o Al Yuredt & foru farfste, amer i,y  ane, TR 37 TneeE (SMART) Segdi &l
TICATIA e

o Al TISIFE & AT ohl ATk IeTAT TR TEqemehl T 3T o | TRad |
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® I TWITad 2, FHE T €, I8 el S el Bl & SN 38 & AT AT Heea QUi &, FHRT foredwor
Hleh THEIT hl & THE B i oh [T "4W's THEIT ShaTe" S8 3UehTTT ohl ST i

® AT o AES I T Yex Hehash (K PIs) T i

2.3.2. 32T WIE 3T =AU (Data collection and exploration)

o Al TS i TR 3R HeoToh i o6 [T ST ST 6T 8=

®  IEH, HAGIUT, IS TSh{UT, HEX, AL TR API S fafer= @i & S27 T i

® AT HIHT, STEMHRTAT ST IR hT HHTTHL ST TOTET G121 il

o 27 fasTarergsR SR wifleehtar forsehwor SHefl qeprlent T SURITT #hteh ST ohl foreiaradl, et
I HATIoIT & 3T Tl TG ST Ee|

® T I TfITeTOT, TeAToe AT qltequr Bt | farfera s

® T VIS, WA, Afdeh I HIHAT AT T AT, ST Mo ar et |fed ST
BEIPIECAIS I

2.3.3. 32T AR AR AR (Data preparation and preprocessing)

o (e, sreic, gftciehe 3T STUTHHTE ST hl BT ST AT ShiTSTy)

o T AT, TohfeiTT I ATTAT HIAT ohl AT SI6 1A o HTEAH § Higet TI1evT o fTe ST
EARCRIERIEAIS 1Y

o HIRR IS (feature engineering) ShITSTT, fSreH Hieet o TG ol TG o foTT 227 forrarsty
1 =, fmior ar aftad s e 21

o ToRIv &9 & waidferd Rraor TSI o foTe, SATERasha @R ST &l Taet AT THICE HiTsy|

2.34. H’IEFT%FIE? IR forerar (Model design and development)

o T I, 221 faivaratl S aifesd qforHl o TR 0 3UYh Al THTINEH 37T SATfehed=it
1 = hif|

o fafir= dieet wehml, S wefia @fFm (ML), € @i (DL), 31 STeRfaes STeT SEhtor (NLP)
HISS 3HTfe 1 Idq1 AL SR I § I

o Al ATS I fEITgd i ST ST, STl ®9 & Yai-HIS[ET HISH T IdT TG AT T i &
BIRIECEAIEI

o Hed feImed N FFALIHT HHTEHT, HISA SATEAT N Thalfafcle] S HRehi T o=
EAEL

2.3.5. HATget Uf3rerur 31X udierur (Model training and testing)
® T foRT T WTSTTOT 2T 3T SURANT 3hich WIS ohl TIRITEAd shifSy)
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® &R % HTFHTT A o [T ATS TGS b FHTATSIA L S TERIHICH I 31 1Ty

® ITTTI-ITTT HeTa TR T ST W HISH o JaR SR HIhdT ol heTs o WiaguT shifs)

o 3IUYh HigHH (Utehdl, TNIEHT, THERY, F1-EhR 3AT(C) 1 IR Hleh WIS & YT I
qe i I

o  AI-3TTHTH (overfitting) 3 Tkl o FTT SHTA-AfTRM I

o TiSH NI shl T SEdTEH faferl & hifsr)

2.3.6. AATeT 3R ThTSHRIUT (Deployment and integration)

® FAIE BINT, U ferciiarme AT BTgfsig gi¥ehivr S SuZh ATl #el =T == hifsry]

o ufwTfera Hieet sl IcdTe STaTaRer H dATd ShifSTT STat 98 g1 T8 AHeT T THTE HL el

® TS I HISET SLTANT, THIBHT o HTY Tehlehd ohi| HISST STISTART o AT Tehisht 0T o feTq API
EERINETI S

® T o SR ThelfaIferel, FLETT 3T SIUTe W & a1

2.3.7. UeviA T ofiR werEa (Performance Monitoring and Maintenance)

o Hfee Giehar shi It frrHT HifSr S SATervashd TdR ST (31uee) iy
o TTed fgwe i a1 T o foTT w=rferd e1ere wonfua iR
o AU e o | i w9 @ Higet i O Wit Hifs

® &S o oA AT I FEATSISH R ST |

2.3.8. fdes T=IR @i AT (Ethical Considerations and Compliance)
o Al Tt # freagrar gt ot 31X qatug i wum Hifsg

o Al I Hfifcrt o7t fcrer femfadst s urer shifstg)

o vl T ST IS AT SEaTaSTIshToT shieh URERTdT 1T |

o gt i foF Al-s=nfera fofe amfoms iR saremfies et & s7eT il
2.3.9. TSR SEATAS [ehIUT AR RGITET (Project Documentation and Reporting)
o FHRINTE, e TR INOITHT fed Hquf SETesIHor a1 W

o YIS I WIf W fedument sl au-a9 W e yem Hifv)

o 3ifqw STATERAteT % foT STeRal MEE 3 deR-fish! EqTasT ST

o o 3 gy o foy | e iR Serie gifard w7 & weia iy

2.3.10. TEANT IR EH 0= (Collaboration and Team Coordination)
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o 2T o Hawl i TUT HEHTG R fSaTiar il

® Jira, Trello IT Asana S TISIeRe JelelT SUHTUT T SUANT HIfSTT|

®  Git % T TR {07 sHTY T 37K fafia e afemd Fifs)

o T TR, ISRl 3T SATaETryeh Ji o sfier shiH-WharsTet Tl i STaT 4|
2.3.11. TohetfaIToret 3T Wiae o6 AR (Scalability and Future Improvements)
o I % HaGA o Y Thalfoifcrdl sl 4T H Tad g Hied fesie itV

o flEen TuE SR YaR e shi AISHT SHTY)

o U3 SRATEI ohi ¥ shi o oIT T=ITet EHTSTAT sh Uell T

o YIS H FATERI Al I A o foll 39 Al FIHT T TR W]

5 TRt =T UTei ahiteh, Al GRS ohl =TT qeish f=oaTfad fora S aehdt &, forad weferd!,
frreaerar i Sefemiorss feerar gifam 2 wedt 21

2.4 TIieke ka IT&T (Project Formats)
Triare T 37 = atient st defifa std 2 e Tistee Y SR 3T SEdTaistiehior shl difd,

SR S HURTA fohaT ST Hehdl 1 SISt SEdTaisiiahior ol ey Siside shi Jehid, TTierd aqe 3T

TEATAST o g W Tft s 2
Al SIS o TeTg, frfetiiaa o1 @RIT (synopsis) Taam 7T 21 3119 WS sl T et H st
TR T o FoTT SERT ST L Hehdl &

RIS CIAN I

TR ohT SiTHeh: <USiae o foTe ueh wftrw ofiv To sfides yem >

Tfterr: <qfRIISHT, S 383 37 8ek Hacd ol Uah Hierd ufem>

3LV / WISTET TUTTEAT SR TUTTeAT <ht STTeaehat

o <YISIHE o HIed LT ohl Fell sATY, 78 FHIGE td B foh e Bferet T =rmedt 21>
TISTere Rl STaRT

o <JSiFe T HmTaT i aftie o, fored shrfermdrd i et wfier E>

SUERT Y T WrenfirfeRat

o <IUANT Sl 7T TIUTTHT TS, TeHaeh, ST 371 SUHTT ohl TIET AT i >
SOTTEAt STegeRetT

o <YUTTCAT TESITEH o1 Ueh Io-Fai 1 forawor, A ST &1 af Ueh sciieh 10 dfeal>
HigTe iR wrdemaTy

o <YISIHE i THE TSI H forTioTd shi 31 ITehT fHerTTT ST Hrierdarstl o1 Harg # quiq
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HL|>

Oﬁl?ﬂ\?fl:ﬁam

Oﬁ@fflﬁam

OH!I?&FB:%EITUT

HTAUTTEAT

o <IUANT fohT T HTHESRI foenTd Hige ol JUF i, SIW, TSTSd, S1elhieT SATfe|>
Jrutea aiRoTH

o <JIeie o STUTerd ITCoTTHT 3T AT sht ST hil>
| Freens

o <YISiae o Hacdl 3T YT T ATRT>
RECNCIEE R D)

o <HISiFe H HEMd TEdehl, Je@Tgel T MY U= shl F=A>

2.5 TIeiere <hi @HterT (Project Review)
Tk TSR TTedT 370 Stterersh # Ueh ferfarg feig o fopeft Stetere aht wmifer, Teeie S aiormat s ush

HT=TTh et 2| I8 U U SITRAT & ST 98 et st H 7eg ! & foh Sisiae 310 aedlt 31
I ! ITH shLA 2l TE T 2 AT &N ST 3T &A1 ohl T el & TSI Fer 6l STrazarehar 2

SIS o HEATh o [T, HHTAREd Soire HTET =1 3T SURANT o2 ST HehalT 2

TISTeRe hi THTET 91
ISl =0T P RIETRIICEES e (1-5) | fewaforat
EISELRGIL) THET o 37 Il hT Tqwar
TISiae shi SAETRIAT T TR
AL A YBm | |ifeca wefte i watea
HISIET GHTHTHT o &1 T
ECIKSDH] ST G4l ! TEaH H T
2T AT 3 awrg
HTEYUITAT 3TN 3T 71T ML/AT HiSel sl Sughal
T T TR o foe sfifae
EaRiceRE) Hied fware o7 wftreror it wiehar
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GHTET 26T F&TAT I et
oo AT | el Higed o AT
Hige HeaTdd 37T shig-afersym
et At 2o (e, O, Terra)
T il Thaiferferdt 37t Iwnfiar
qioTH SR fsgwor | wfiormi St SR SR feTassiee
et it = 3 ==t
Afcreh ferme ertae s Wit
[EIEREIKIICEEITE]
TEATSIS TR SIS GEATAIS{oRT0T shT TTET ST qurar
Ha I 350 i
Y AT SISt e SR ferfrear
3ifqW ¥R (Final Score): /-

I qHIET =TS Al JISIFE o Je2ieh TL0T T SATehet i o oTC Teh T g¥ehivr YaH ahar &l I
(1-5) SIS 3hT TUTrT ST THTERICAAT T STohei i § HEg ! ol

HRIIT (Summary)

39 O H, formeff o wisie fwfid st & fAg S1o 19 T ST &d 8| o € @ fo forelt
TUET T T HH i, ST Toha i, Teh HISA SHIY 3T Teh Tt {T1E G il I AR
FT-eI ST TRk HiE- Ut shigd 2

ST T ST

A, Tgforheda 9

1. TiSige forerma gfshar O ford =T 1 WIS o o184, STt 37 SIagRIdT shi U&= shiAT IMTH 87
(37) ASHT () FeaTeT (@) IR () TmTae

2. Trmrt o fdsor (Monitoring and Controlling) =0T kT TTITHe 3T T 22 (37) TISiae
g AT SN SEATASTT bl TUET BT () TSI o ST 3T LT bl TR HEAT (F) TSl
1 ST 3 ¢k ShtAT, ToreieT T See ST S TUrardT T T (3) Tisiae 3 o1 faepm
AT ST ET T YIS ST
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3. UiSe geee # fefofad § € frd Tk THE aiaw STV (best practice) AT SITAT 82 (3)
TN T shae ST et de S W@ () Tisiae gt 8 deh adment i qriert §
AT (F) TSIFe | e & =it T SEATaSeRtol T (3) WiSige B STherdT shl TTaHT i
ST HEAT

4. Al YNEISHTSAT H 2T Ushdl i ot fmfetfad o 9 i € uas fafye fafer 78722 (31) gdeqor 3w
TATIAT (o) STTATRT Herefl STET () Hieed TRTETT () el EohiuT

5. Al 9iSi9E =56 § ST =80 (data exploration) &1 J&I I HT 77 (3T) gq&=T oo =t
RIS ST () Al Hieet sl IITRTd ot (9) ST fasivaret shl aueFT, Y Y 9g=m T
ST TergmTferat o1 9aT AT () Al HiSe ol dHTd it

6. Al foTQ 221 6318 # 218 FfcTiad W © &I ©f U @ TN 87 (37) ST 3l Setord T
(&) ST Ve YT AT HX AR (bias) 8 =T (6) TATH 2T G&T (3) 371 Al 3TN o
T Wehlehd ShAT

7. "FrRR St (feature engineering)" <pT T T 77 (37) 2T TUE T TEATAT AT (&)
TS & JETH ol SGH oh oI 5 AT TN farIsard sHMT (F) ST b7 3TN ohleh ST U oh
TEHT (3) WIS oh! BTl Tl oI AT

8. Al UNAISHISAT H 22T faS3TeTssiR o [T SR Tt foher STRI0T T ST foharm ST 82 (37)
TensorFlow () Tableau () Apache Spark (3) Scikit-learn

9. Frafafad o @ =i 91 ger foafET (data preprocessing) T ITTHF 8T 82 (37) RS
% foTT Sar1 1 <@AT () Tt 7 AT TEniEw 1 == T (§) Fed S S HIT aHT
TATTEH o fTT ITR[Th WT&T H IR AT () TfRTferd Hieet i o Td

10. TiSige TEYETT (project review) 3T ITTHE ILIT FAT 22 (37) TiSige o foTq wETer Tafed saam
(&) STSIeRE <hl AT T HeaTeh AT (H) SIS Teiereh o JaxiH T fHuier T (3) 78 TSt

EELSS=ETen

. feh s W

1 JISTETEST U ST TI=TIoTd ®9 © fIohTer hl Teh dehrieh 2

2. g=T o1 fem wfafafiea &, S =, o ST wrfes s ST s 2

3. Wﬂﬁf%aﬁtmwdmmw ST % foTT Tk AeniS gfeshioT |
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10. Al Hied &l ST ITINT hah TRTfere fomam StraT R
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T GUE el 12 JuH shl AT g o fore grefies 2)

S AT h ek HEeaqUf [T ST fersfaretrasiar e 2

AP =T ST Shaed AT {oTeh TH 3T 32T Tehal hid o feTT foharm Sirar 2

SR o s1a +ff @Ue ST [Urat Al Hied o Javi T8 TohRIcHe THTd STeT Hehdl! 2l

2 TG Al TISiee =I5k | Teh Jehfoqeh =0T 2]

Tiee TATHIET TTRTET0T & Uect ST ARTieh §RT H=3Te] &9 § He o SITd &, Safeh STguiriet

T3TeToT % SR HE ST 2

7. UISiaE GHTEI Ush YT & ST I8 STie o 10 2 Toh & e ot @@ & 3T 7217

8. WIS st THTETE HiTeHT ol SO TiSiae. Yeier Tl ST Tl shi qitshd i H #aq
Tk AL GET H AMTEH T &l

9. Wmﬁwwwmﬁmwﬁﬁrw%

10. SSiFe o Fedieh 1 3AH @hi SIS o T TTE 9 ST a2

B

T, OY ST IH
1. SSi9e &1 (Project Work) farefefar & safrra foerma § S demreh g 22
2. Al IS o forarmd &t Ifshar I “Problem Definition and Goal Setting” <7 T T HEd &7

3. ST WU 3R TN (Data Collection and Exploration) T for-for |ral & geT Uk TR S
TRl 87

4. diee TRTeIur 37 9eqor (Model Training and Testing) o &R foh BfdeRd a1 SURINT foharm Srar
87

5. e 1 (Project Review) T SE¥ 1T BT & 3T 78 T STaIwarsh 82

T 3. G TiSie

(Sample Project)

AT SIS 31 Tk AT st Rie =t S o1 78 2

1. 319 U (Title Page)

TISIeFe kT Il Teh: TTeeh TUieqrsty U SreHT s (Sentiment Analysis on Customer Reviews)
@ /M aeed: X, Y

T / W8: XYZ Tt

S freRtoT s fefer: S 28, 2025

2. 99T (Abstract)
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T TSI T 353 ATEh THIETST Sl ThNIcHe, ThRICH AT 728 o &9 H Fifiehd i o [T T
T T3 Hiee forehfed ST 81 STehfceh ST SEahtoT (NLP) dehefteht ST HefiA oI+ sht 3=t
Lok, BH |1 STg 1 HehTer o [T Ta 2T shl Ial-SITsha ST forsaur shtd &) Ssiee |TeT afieRtor
& fou uens ifsifieens forem diea K v afin qeiient 1 o st 2, St 85% ot adiehar are
T 2| TIOTTH ST shl ATEehi shl T HE TR 3TIHT HaraTl § Ge L H 7eg L 9o o

3. 9= (Introduction)

grgﬂﬁranm (Background Information)

e FHIETE ST o FoTg STsRAT 3T T Hoa &1 &) $7 SHTaatl a1 3-e7e &9 4 forsdwor
FHTAT THT T AT SR 37T 8| 1T FIsIoor, Teh NLP qehefieh, TR Rl HTGAT o § afferd shieh
39 WshAT hl TToTd shtel! 2l

e forarun (Problem Statement)

HISIET ATEHT T2 wor SOTTiorI TR TEfiTeh THet 31T 5501 o |1 Eer X &, fred merd sffeptor

BT 8| THRT SIS ShT 322 AR AT 3hT SR shloh WIEAT ATHTeh0T SETehdT H e AT 8

ITT (Objectives)

® TG afieRtuT o foTe weh wefie @ Hiee forrfara s

o ATTATET SR A STfhe o HIEH ¥ HeTehdT H G Ll

®  TSHT =0T o foTU Ueh SUANTeRAI-STThe $2THE o |

4. TTET THTT (Literature Review)

HISTET 9MeT (Existing Research)

WTSAT ferewor o foTT 38 gISenivT HiSTe &, I ciforarehi=-ATaTi forferat 3R Amger s, |uie et

e 7R S AT diee Se weiie AT Hiee IMHd 8

g‘f\gﬂﬁ'ﬂﬁiﬁw (Comparison of Approaches)

o Wfeaeh-ImaTRa fafemt: i wee gieri W H¥t tdt & oiferd 30 dasl w1
G T 2l

o WY AT HISE: Tiadl fohT TTT ST Sl ATTTIRAT BT § TiTeh STos! aiE o HTHT=ART hld
&l

o Y AT HISeT: STt Ued ohl Uohad @ ok oIg SeTHE sh STIIIHdT Bidl 2l

sitfere (Justification)

TH ST Ya¥H o oA AATTSTTeeeh FOre ol =1 37T sigat Gtehdl o foIe weh € o= Hied i

AT, AT FEehT ST HTWT Tewt ol HEH oh &7 2

5. SHIAYUTTAT (Methodology)
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22T HUE (Data Collection)

o 22He: IMDB 3R 3HSH UTesh dHia|
o INTGTET: ZIFATESYH, TIuaE gHT, THT R TF-IDF 1 3UFNT e JaeigsyH|
Y= AT wiger (Machine Learning Models)
o AT o foru difsiitess farem (Logistic Regression)|
o U AT % fTT LSTM (1T ¥iTe-2H HANY) = Hearshl
IUHIUT 3T TR (Tools and Frameworks)
® Ti¥YH, Scikit-learn, TensorFlow, NLTK, Pandas, Matplotlibl
gfvreroT it TR (Training and Evaluation)
® STTUT Tl AFITETUT (80%) ST TIETT (20%) H ferrfora s
® T HigHd: Ttehal, THITEdT, e, F1-EhR]
6. SHTATTIT ST (Implementation Steps)
1. ZeT SSaT: I18 <21 i T AT TR el
2. IR TeRYUT: UT3 i HE&ATeHe STdTae § seaT|
3. AT ATITEA0T: AlfSResh FURH TR LSTM ST HSdi ohi STR11eTd Tl
4, WIS Hedteh: NI 1 WA e T hl /I
WWT (System Architecture)

e 3TUC: WW%’I’@I

® IHEHRIUT: NLP FITHRIT SR Hige wiorsamo]

° 3T|3'c'5|;c":Wﬂ“’ﬁEF{UT(HOhI{ICHGhHOhI{ICHOhW)l
HIT KT (Code Implementation)

import pandas as pd

import numpy as np

import re

import nltk

from nltk.corpus import stopwords

from sklearn.feature extraction.text import TfidfVectorizer

from sklearn.model_selection import train_test split
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from sklearn.linear model import LogisticRegression

from sklearn.metrics import accuracy_score, classification_report

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Embedding, LSTM, Dense, SpatialDropout1 D
from tensorflow.keras.preprocessing.text import Tokenizer

from tensorflow.keras.preprocessing.sequence import pad_sequences

# Load dataset

df = pd.read csv('customer reviews.csv')

# Preprocessing
def clean_text(text):
text = re.sub(r'[*a-zA-Z]', ' ', text)
text = text.lower()
text = text.split()
text = [word for word in text if word not in stopwords.words('english')]
return ' '.join(text)

dff'cleaned_reviews'] = df['review'].apply(clean_text)

# TF-IDF Vectorization
vectorizer = TfidfVectorizer(max_features=5000)
X = vectorizer.fit_transform(df'cleaned_reviews']).toarray()

y = df'sentiment']

# Train-test split

X train, X test, y_train, y test = train_test split(X, y, test size=0.2, random_state=42)

# Logistic Regression Model
Ir_model = LogisticRegression()

Ir model.fit(X train, y train)

# Evaluate Logistic Regression
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y_pred = Ir_model.predict(X _test)

print("Logistic Regression Accuracy:", accuracy score(y_test, y pred))

print(classification_report(y_test, y pred))

# Deep Learning Model with LSTM

max_words = 5000

max_len =200

tokenizer = Tokenizer(num words=max_words)
tokenizer.fit on_texts(df['cleaned reviews'])

X seq = tokenizer.texts_to sequences(df['cleaned reviews'])

X pad =pad_sequences(X seq, maxlen=max_len)

X train_dl, X test dl, y train dl, y test dl = train_test split(X pad, y, test size=0.2,

random_state=42)

model = Sequential()

model.add(Embedding(max_words, 128, input length=max_len))
model.add(SpatialDropout1D(0.2))

model.add(LSTM(100, dropout=0.2, recurrent dropout=0.2))
model.add(Dense(3, activation='softmax'))

model.compile(loss='sparse categorical crossentropy', optimizer='adam',

metrics=['accuracy'])

model.fit(X train dl, y train dl, epochs=5, batch size=64, validation data=(X test dl,
y_test _dl))

7. afuTT SR ferspaor (Results and Analysis)
u'q'shﬁﬁw (Performance Metrics)

e TEHRAT qieTgar TIER0T | F1-ShR

D D

(Model) (Accuracy) | (Precision) | (Recall) | (F1-score)

dAiSies | 78% 76% 74% 75%
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LSTM 85% 83% 82% 83%
%ﬁm (Visualizations)

o I Hieal o foT yd AfFe (Confusion matrices)|

e LSTM Hied o foTu wtehar 31 &1 =15

8. ==t (Discussion)

TftuTTHT Y SITEAT (Interpretation of Results)

e LSTM HiEd A difeiiiees fEem & sreat yeui foram

o Il W T T ST WISHTSH! Sl SWTHT MHA 1|

HTfrd U (Potential Improvements)

o SEaT TTHfTeh THel % foTg BERT S i - 3TeTid Hisel shl STided S|
® 3 SN I MMM A o foTT ST T faream el

9. freere (Conclusion)

T SIS« AT QAT 371 T AT 3BT START e HISHT {o =0T ol AheAdTqaish AT {1l LSTM
IS A 85% ohl Tkl MU shi, ST UTesh Tdisha fersgwor o ardfereh giRIT o SSRIT o foerg
TEehT &THAT 2l TERi LT 2l

10. 2sT (References)

® Jurafsky, D., & Martin, J. H. (2021). Speech and Language Processing.
® Pang, B., & Lee, L. (2008). Opinion Mining and Sentiment Analysis.

o TG I3 wuT qereiehi o 1Te o

11. TRESTE (Appendices)

o SersiiaRiT it Hiee sRre & fre AT e

o Afth U1 SR fasarergsizE|

o v Al Aise o forg rguedtiet g foreom

205



TSIt

o WINIC e (Aggregate Functions): T8 e ST @%ﬁ%%ﬁ@ﬁwm% Ll
sum, mean)|

e W (Array): Th & YR & el b 6T, ST HHIT H Toh AT S B4 € 3T Geehich (3394 R Ug e S
Thd 2

o 38T (Axis): Ush UL 3T Ush TRTH| 2D W H, UfhaT 3787 0 8 3T &9 3787 1 &

o YERUT (Broadcasting): NumPy T g, e STeRT-STeHT ST % T T T SR FH §ehd &

o HINA (Concatenation): a1 a1 AR @ Ea) EﬁE,EhTQEEH'HTI

o Tfaferf™ (Copy): T T, Tadd T foraw e st 31arT Ui &t 2

o T THR (dtype): T T HUET ST HT TR (S, int32, float64)|

e 3ITITH (Dimension): T T H 377 &Y T&AT (1D, 2D, 3D)I

o AcA-aIR HiHAT (Element-wise Operation): T o Yok Tl Ty deall UL fohaT ST ST SATHEH|

o HHAAA (Flattening): QEFT@’—STMWQ[ @?ﬁ@—w @ﬁaﬁﬁ'ﬂl

o STTSRUUT AT FSFRAT (Indexing): Rt T aear ot Iwht fearfer s grr wor &)

o ndarray: NumPy H 9ol n-3TrITH] QU Sifesiare|

e T ai'szl'Tl'{é'-lT(Reshape): T T et foT ot T ahT SR st

o IATHN TEAAT (Resize): frel T 1 SRR sigaT, fSE@ dea SIS AT 82T ST @ahd! &

o TCATSTET (Slicing): Fehishi 3! Teh 2T shT ITATT shleh TL T Teh WIT FahTerT)

o Tt (Splitting): Tk W ol 3 3U-UL H foremfora s

o TIOUIS (Transpose): 2D T I UeTeHT, Uil ohl Tl H 3T Toi <Al dfm & e

o JAFEUTHAIN (Vectorization): €T TR T T ITANT fohT foT, T T T T A1 WHATE T

o TTI (View): T TT O Jifosiae SiT YT T o HTF ST |3 el 2

o WY (Aggregation): T ¥ 371k TTHT bl Ueh H GATNSTA AT, S FoRet shefT o Sfierd ek J1a sl

o TIUT (Attribute): ToReT Q) 7 70T AT foIWAT, S .shape STTHH 3T SRR AT ¢l

o T TATE (Box Plot): T =TE ST =[AqH, =Ieieh, HTeaeh! TR SfUehad WHT T STANT Hlch ST o TAR
T ST 2

o CSV (IeUfeR™ ¥ AT fohT T HH): Teh T BIscd ITET ST81 ST ahl AT’ ST 3T {ohT 7T 913
% &Y | G foram Srar €, S o e o e e

. QZTH'U'TI'%‘(Data Cleaning):ﬂﬂﬁ,ﬂﬂgmwwﬁﬂﬁwmmﬁﬁml
o TTTRA (DataFrame): UAaT 3 ST Tedt Iig® § 2D dTforent, 9 Uah We3fie|
Toree T (Filtering): At 37 S21 31 fcral a1 &1 1 =R AT ST %o 1! bl 0 A o
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o JUET (GroupBy): Ush UiSH Has ST ST shl Gkl ol fohefl Tw o TR W AHEHA hid] €, S &
o FIET forshil

. '%Rﬁ":l‘l’q(Histogram):@Wﬁﬁ%%(ﬁﬂ)%%@ﬂaﬁmﬁaﬁm%l

o Fahih (Index): TS H HHIS AT SeTohw § Ufehat a1 T 1 T8= o o foTg ST fore T ot e
1 ferferi

o JSON (SITafishe sHiesiare ANCIM): Uk WISl &Y TSTeehT SHANT ST 2l Fil-AT Ji H Hueia i
A forfmrer st o forg fomar ST &, foreshT STRIRT ST o TSR # foralT ST 2

o TINE (Legend): Tsh TS H Ueh s iT fofSr= &M, SrcfYeht 7 @i 3 37ef il T 2|

o Matplotlib: T T TSR FSreshT START 7T 371 farseraTgsier s o forg, fopa St 2

o TATUAT W (Missing Values) (NaN): ST ST fohell Serie # Suetsy &1 2 a1 @red! 2

e NumPy: T 3T SUINT ek el AT GihAT3Tl & 7T ueh urred amgsid|

o STE0 A (Outlier): Tsh ST fefg ST 311 AT U s1gd 131 Il €, S ok fereeff sh1 100 ek 516 1 57t
STFRTST 7 40-60 37k ITH T 2

o U9ET 32T (Panel Data): SETATH S 2T STHERT STANT ST TR 37 Hiflewehi 7 fora ST 21

o UTSH (Pandas): ATicTehTal (ERIST ST SR T ST bl TR 3T oot i o fofw weh urared amgsid|

e UTE AT (Pie Chart): T JATHR =TS ST AU f@m o foIg Gei # forwrisia grar 2

o TUme eae (Pivot Table): ST ! Merar & ARG 3 IR T T Teh ITHLT, S8 fr Icare 2oft
e orshll

o THATE (Plot): ST 1 GIET ¥ A YaITd A o foTT U= foham I ATeT Tek 7Tk 1 9|

o UTSWATE (Pyplot) (plt): T UTH o AT Matplotlib T Ueh 3u-Higgl

o TTAH (Quartile): ST T = SR WITH H FawTTd AT, Q1 (25%), Q2/HTTEIHT (50%), Q3 (75%)|

o THETATE (Scatter Plot): Hefll il STEIIT L o 7T X 3R Y 3781 W 21 fofg T arett vk Ut

o ST (Series): TTSH T Ueh-STRATHT et AT UL, STE 37ehi ohT Ush &4

e SQL (Structured Query Language) (Gfera St WTST): Tk WTT {STHehT UM S2ei § T ST
T Yeiferd 3T Forlt ht o Tt fomarm Strar 21

o WiReThIT W (Statistical Functions): ST 3T farsduor o o foTw 3wt fort ST et wimesy, wmfeepT,
T ST A foae S8 heeH|

o HWUMEg 22T (Tabular Data): Ui 7T &l § sIafed <21, S Excel
o ToFereTESvE (Visualization): T8 @0 % ¢ S21 1 o &9 (A1¢/0T%) H SEfRId

207



S
HISI 1. T TRITTHT
T 1. Thelel Tgaad
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1. (), 2. (3), 3. (), 4. (3), 5. (), 6. (), 7. (), 8. (), 9. (), 10. (A), 11. (), 12. (&), 13.
(), 14. (37), 15. (9)

7. T v X

1. 5!0_@?{ AT (Control Flow), 2. BT (Indentation), 3. IndentationError, 4. Else, 5. 9HTH
(terminate), 6. IS (skip), 7. Bt (nested), 8. §&ATH (numeric) IR (star), 9. 5|§-3T|'€ITH'T

(multidimensional), 10. a ==

., e qT AdqT

1. 9T 2. 36T, 3. 9T, 4. 9, 5. 9, 6. 9T, 7. 9T, 8. ¥, 9. 3T, 10. T
T 2. UTAAT | k9T

A, Tgforehedta 94

1. (3), 2. (&), 3. (%), 4. (), 5. (), 6. (), 7. (), 8. (2), 9. (37), 10. ()

. T T o

1. l-lvl§€4£1{, 2. qavl{-i\shblés, 3. W\fﬁa 4. return, 5. ATESI, 6. .py, 7. import, 8. S (.), 9. random,
10. from
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T 1. NumPy T U=
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1. (), 2. (37), 3. (), 4. (@), 5. (F), 6. (), 7. (@), 8. (¥)
9. s a1

1. wf=fea (contiguous/continuous), 2. ndim, 3. reshape(), 4. np.ones(), 5. dtype
. 9 g1 3 YT
1. 379, 2. 9T, 3. 9, 4. T, 5. T
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T 2. NumPy T IUTRT hich W T HATAA

A, Fgiasheda uH

1. (&), 2. (3), 3. (@), 4. (), 5. (), 6. (), 7. (), 8. ()

7. e T W

1. wnfsra (combining), 2. np.vstack(), 3. np.hstack(), 4. np.reshape(), 5. np.squeeze()

. T g1 JAqT
1. 9T, 2. A, 3. 9, 4. AT, 5. 9T

T 3. NumPy ST STIRT Thich T HITUHET

A, Fgiashed T 9y

1. (), 2. (d), 3. (), 4. (H), 5. (3), 6. (), 7. (), 8. ()

7. fw T W

1. dcd-dl (element-wise), 2. np.mean(), 3. %, 4. np.cumsum(), 5. np.dot()
. 9T g1 JAqT

1. 379, 2. 9, 3. 9T, 4. 9T, 5. 9

Higge 3. 3T fagpwor

A 1: Uiy &1 i
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1. (®), 2. (), 3. (@), 4. (), 5. (), 6. (@), 7. (&), 8. (), 9. (&), 10. ()

. T T o

1. Ysie, DataFrame, U, &l; 2. &l; 3. pd; 4. NumPy; 5. head; 6. Not; 7. 0; 8. QTfeiehTcHeh
. T qT A

1. (), 2. (F), 3. (), 4. (T, 5. (FH), 6. (I, 7. (TFA), 8. (), 9. (31EH), 10.
(T)

T 2: Uisd HiHisT

. Fgfarshedta T

1. (&), 2. (d), 3. (@), 4. (d), 5. (@), 6. (d), 7. (37), 8. (), 9. (&), 10. (@), 11. (), 12. ()
. fes T o

1. T (One), 2. gahish (Index), 3. I0TIe (Integer), 4. ST (Keys), 5. g=hih (Index), 6. values,
7. dtype, 8. NaN, 9. size, 10. dcd (Element), 11. hasnans
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1. (Be), 2. (316c), 3. (), 4. (IEA), 5. (IEA), 6. (), 7. (HA), 8. (31E), 9. (H), 10.
@), 11. (Fe)

T 3: UISH SRA

A, Tgforhed T 9

1. (®), 2. (d), 3. (@), 4. (&), 5. (@), 6. (), 7. (), 8. (&), 9. (), 10. (&)

T, T T

1. &9 (Columns), 2. pd, 3. &9 (Column), 4. shape, 5. head(), 6. 'Price', 7. columns, 8. 143—05@
(index), g=IhTeh (index), 9. index, 10. dtypes

. T a1 Jqc A

1. (319), 2. (FA), 3. (IAFA), 4. (FH), 5. (AA), 6. (FEA), 7. (FEA), 8. (AA), 9. (FA), 10.
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T 4: Matplotlib ST IUIANT &k TET [AAATSHIN

. Tgfarehedta Tt
1. (&), 2. (), 3. (), 4. (31), 5. (@), 6. (d), 7. (d), 8. (&), 9. (d), 10. (&)
ERTGADIEREN

1. 22 d (Interactive), 2. pyplot, 3. plot(), 4. show(), 5. title(), 6. ylabel(), 7. savefig(), 8.
legend(), 9. scatter(), 10. grid()

. e 9T 6
1. (31E), 2. (H<), 3. (3TEA), 4. (), 5. (IEA), 6. (), 7. (E), 8. (HH), 9. (31€), 10.
(Hc)

HISIA 4. = AeTAh

T 1: A ATTeh T TRE™
A, AgTorhed T 9

1. (&), 2. (&), 3. (@), 4. (), 5. (&)

. T Torm o1

1. AFa Hfkdsh (human brain), 2. 9 (Input), 3. W (Weights), 4. SR
(Backpropagation), 5. JAT3CYZ (output)
., 9T 91 AT
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1. (3TE), 2. (HH), 3. (W), 4. (), 5. (T
o 2: = o 37ST: AThIUT WheroTT

A, Tgforhed T 9

1. (&), 2. (), 3. (), 4. (F), 5. ()

. T o X

1. fesdt 85 W (hidden layer), 2. ReLU, 3. f&mi3e (Sigmoid), 4. eI (Convolutional),
5. §1I" (bias)

. I T A\

1. (T, 2. (3TE), 3. (A), 4. (I, 5. (3T6)

T 3: TSRATTieT Tet JeaTeh: STEdTeeh ST ok ATIART

A, Fgiashed T 9y

1. (@), 2. (d), 3. (@), 4. (@), 5. ()

. T Torma .

1. I%q 98< (object detection), 2. BICAERISC] (Image segmentation), 3. ¥ 341 (machine
translation), 4. qTNUT-H-UT3 (speech-to-text), 5. AT (classification)

., e qT AdqT

1. (3EA), 2. (D), 3. (AA), 4. (HA), 5. (AEA)

T 4: TTIAT ATISHY o6 AT =LA eeTeh hT TAAT0r

A, Agforeheda 9

1. (@), 2. @), 3. @), 4. (d), 5. (@)

. T T o

1. NumPy, 2. 3ThHe (Sequential), 3. HTHIRITEOT (Normalization), 4. BT (Accuracy), 5.
TfeeaTEs (optimizer)

. O a1 T

1. (3T, 2. (), 3. (), 4. (F), 5. (3TEA)

T 5: T2 TAR HEAT TR 3T AT Skl TTSTIEAT SHEAT
A, Agforhed T 9

1. (), 2. (&), 3. (@), 4. (), 5. ()
. e e W
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1. |HTATERT (normalization), 2. gfsTeIor (training), TEET (testing), 3. ¥H ﬁf;w (confusion
matrix), 4. &1 (Loss), 5. ReLU

. 9 a1 g

1. (37, 2. (IFE), 3. (G), 4. (IFEA), 5. (U

T 6: TAThHTUT HISSA T (HATOT

A, Agforhed T 9

1. (&), 2. (&), 3. (), 4. (@), 5. ()

ERIEEDICE

1. 34T (binary), 2. THEHT (Recall), 3. ST93T13E (Dropout), 4. JfI-3TEHAT (Overfitting),

5. binary_crossentropy

., e qT AdqT

1. (3TEe), 2. (Hc), 3. (I1Ec), 4. (3THA), 5. ()

HISIA 5. THATS TAFE

T 1. Al TIFE <5k

A, Agforehedta 9

1. (®@), 2. (@), 3. (), 4. @), 5. (d), 6. @), 7. (), 8. (@), 9. (), 10. (&)
. T T

1. Tm & fetor (Problem Scoping), 2. 99T SERELIIU] (Problem Scoping), 3. 4Ws 99T
AT (4Ws Problem Canvas), 4. 2T TR (Data Acquisition), 5. ST HETS (Data Cleaning),
6. ST AT (Data Exploration), 7. Higet gfsreqor (Model Training), 8. Hieel W (Model
Evaluation), 9. LRI (Deployment), 10. o (Monitoring), 11. ‘jﬁ(@?ﬁ'ﬁ (iterative)
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1. o Tohg (Web scraping), 2. %afégmalsé. 1 (Data visualization), 3. SMART, 4. SATHFTS
(Data Cleaning), 5. TSI Zﬂ;ﬁﬂ (Hyperparameter Tuning), 6. TTer (progress), ST
(performance), afcomaT (outcomes), 7. HiSel ST (model performance), 8. BT eH

(hyperparameters), 9. 3cdTad ITdTEUT (production environment), 10. JSTeTor 82T (training data)
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