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gfe -1
Uty i T yrayte Aehte fAasor yarg faum™

(Introduction and Control flow statements in Python)

o =Tt (Course Outcome): HAYd ATRIRTT ATUE TG HUTH fdahiRid P,

Hed o=t (Theory Learning Outcomes):

1. TR i @RI, Pias T RIS 9o &

2. fedicar URImHHed $S¢vH dHHC T,

3. SfHIM e fefguararat fafdey R SifuRex aTuR,

4. TATF01 yarg 91U uray= uriy forgt.

1.1 qraYTq ot afdrsed (Features of python):

o 325'% (Interactive):

S Uy faaRur Sexfdess aNIg dd of SRSUTTA dw@lar HIA HRd (@l - e -
fife - qU). A YRR TIUTH TIER HRd. U0 HIVTe! 98 Ty TRHRH (expression) T30
Jeldl TR (expression) ArIUITST TR Adl.

>>> 2*3+1

7

>>> print ("Hello World")
Hello World

s gRkfad givarrdt sifor el SRiGHaT qUuaRITS! scifdcs His faxived:
JUYH 38,

o Gﬁ'ﬁﬂféﬁﬁ'@?{ (Object oriented)

Uy g quiut sifssiae SiUSS HINT 3R, Urgyd Sl Aisd ¥ 3118 &1, ST 31700 ey
NS TP BT H& Udhdl, dlg! UMY ddUUl 3ffsoide-3HiRucs Hriugd
IIORA.URIY IUHHE Udd MY Uh 3fsoide 38, dUTU, YY" JRIRARRAT TTAT
S B C TR,

e WicWIH Wad (Platform independent)

Ty g H-WewH U o, fdsie, foraw, He oiuw, sigigs ofiuy o=m fafqy
TRfET Rife s wewiHar -Taferd STt IS Iuas 3MTad.

Uy WUH YA AHad WehiH Wad d5c PIeAe Jdhiod bl odl. MR
U= STt SMTURR A=A S1SC ®ie HE-ad HRd. § add Ua-dl Hig-’iehid
HIST §Fad STOT 3= THR Uy YU Fgoldul ThT 3T WehiHaed gudl iy

RIchIHAR UId Bl §T3, b,
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o FaIUCS (Interpreted)
Uy g1 USR-S HTST 3HTg. URYE DIg Tl d3! Ul [AUMIGR SIHdrd SHTora
SIdl. Uy $eUcRd G UCHh 3Hlgd. Sfdlcd dIRRIANS! fauH quridl. ang
EBEN d ATl §I8¢ HIe dIR Hd. Uh Uy T3 HMH 3R o dR &
TIRIAH d15¢ PIS TR HIA ST d SR B, GHTH THT I3t A DIeHyH
Th Y-l Udl, I BRI pleds) HINiaR Hal 301 At sfacasigult sal. I =
U%waﬁqﬁmﬂ@qﬁ&mwm?ﬁﬁaﬁ 7 Jfrecarg, U fEaT ol IY 31T
IO 3R YHR FIaTdiedl Uldedtaial MUTERA §B8& Db e dHBAUIRITST Iugdd
3.
1.2 YTy fafe&s sdT@ (Python building blocks)
. SMISFEWIR (Identifiers):
UMY USCHR 8 U A1 35 of GRUSd, HaRH, @, Hiegd [hdl SR 3iieside
ISHUITS! IR SiTd. TSR goard diucd dex A d Z fdhdl ¥id de a d z
fohar SRRIT &R B 0T AR T fobar it 31eR, sreRRad 3nfor ¢fd (0 9 9)
AHYdId.
TR SMASCHIRAE @, $ ST % TR fegiH1 tRar=rt & ATg,
Uy TS CHATS! "SRl a9 —
o UYH TNl A0 ol G{W(uppercase) = glaid. SR TG IS CHRR
ARG &R (lowercase letter) TRY HRATG.
o UDHME UWUY JHURWANE HTSCHRR = HU Yiad Hd DI AHTSCHRR
SIS SISCHRR 3Te.
o G VY HURWHIE HISCHIR Y= HRU Th Holgd JTolll HTSCHRR
geifad.
o SR ATSCHRR WA gF ANTAT HURTAHE U 3 R AASCHRR § HIWI-
YT foRIY 919 3iTe.
. ﬁ"Tq"b’:'“\Fr(Keywords)
. ﬁo_cl@ 7 JrAld(reserve) Yo 3{Ted. d U= I?bdsi{-l PHacs W dex 7 forfga

SITdTd 3HdTd.
Table1.1: Wﬁ'\q (Keywords)
and as assert
break class continue
def del elif
else except false

Maharashtra State Board of Technical Education
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finally for from
global If import
In Is lambda
none nonlocal Not
Or pass Raise
return true Try
while with Yield

. 3@%"&? (Indentation):

Y $S¢xM WU diew [ARIY sdieae faumTgdl S sheul. g9al Xeard, Suididbe
A ST 3R7eel d 34T T His slddl 3gd.

ST ol Uy U S Agar Yhed-T 318 HRU TYT His IRl 3
Y $8¢M g1 Uy gHIATaT Iiugrm U AN 318 &1 [auHT e dlea fafky
SIHRIT ST 3. SAlP § 1 Hd AU fHor 31T

3elexul -
if true:
print(“true”)
print(“answer”
else:

print(“false”)
print(“answer”

o RTIA (variables):

UYH RIS 81 Iy MUEge o Wfgd HRUGMNTST droRel SR IR B
R 3. araT 37 31 &1 Siegl AUl GRTFA TR BT degl S0 AR Bg! S
G 91, BRUTTAT STl UHRIAT YR, TRIYT $eUeR TR o 91y dHdl HTOT IRda
TR BT Fed Bl 913, Udhd § 3Rdd. BT, UYH @RUSel v Sl UhR
%W, ST g1 %’ﬁ'@?ﬂﬂ‘iﬁ @Gﬁ(integers), SRATY (decimals) fohar By (characters)
U D= Yehdl. YUY FRUSTA AHR] WY IR STUITHIST WY GV0 ! SHa=gehd
T fdar SMuu RTTA TIR HIUGRIST WL ehvdl. Sicgl AU AT e T dogl Uray=
SNUFA AT TR Bld. JHH g (=) eNTTAar e UaH HROGNST auRd Sild. =
3IReIAT STAT dI9d IS 3 eRUSed Ad 3ilg S0l = 3TN IolcAl T[]

RS % FRTTTHD Troaaa Jed 3R,

Maharashtra State Board of Technical Education 3
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Jalexur:

Tl JaTexUl variables fafdy JbR (an integer, a float, and a string) ddIR P,
counter =100 # Creates an integer variable

miles =1000.0  # Creates a floating-point variable

name ="Zara Ali" # Creates a string variable

Once we create a Python variable and assign a value to it, we can print it using print() function.
C NI NERSTARRY prints variables fafaey vpR (an integer, a float, and a string) ddIR P,
counter =100 # Creates an integer variable

miles =1000.0  # Creates a floating-point variable

name ="Zara Ali" # Creates a string variable

print (counter)

print (miles)

print (name)

Output:

100

1000.0

Zara Ali

- HHSH (Comments):
Uryaed hAcH dleqdid el led SURTHAT AHASaUIGREM HUkTR gk
PTG YD THSTIIY Had PHRdld.
YA $HCH A UPR
1. U®-3MIBt HHEH (Single-Line Comments):
gy RITA-a2" HHeH 8¢ [I8M (%) T& Bid S Sficdt=n Jagegydd fedd. SR
HUCY TdhT HBVET TR A R G HIBIaR ST bl 0T Yy HHCH Mg
A GRUIE, HaRM VoM 31 JfiTwae! i WUPIHRu e HRUgNe!
Uy RITd A4 Sy IUgad 3Rl 3Mgd. RiTa 3! HHcy gRIAUR |rdid Hie
%l'a_C’tIBT:
JalexUr:

# Print “Information Technology” to console

Print ("Information Technology ")

2. e IATg dHEH (Multi-Line Comments)

Uy Acciais HHCH3! T UM &xd Algl. duifl, 3 diaves AN 3fgd SaTgR
30T e Tare ey foig Qb

a) TPTIUD GRICT aATU HeeTdTsH hHCH (#)

Uy Ao Idigd hHcy [AfRuarra! gl TH1Ud RS (#) h AUdhdl. UdD 31t Bl
TH 3 id! HHCH A ogd.

Maharashtra State Board of Technical Education 4
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JaleRUr:
# Python program to demonstrate
# multiline comments
Print ("Multiline comments")

b) RET <M T Aedtarg fewoan
SEURUE
""" Python program to demonstrate

multiline comments™""
print ("Multiline comments™)

1.3 YUY ST UPR (python data types)

Uy Sel UhR Rugeal THR TRYINT HRUGMIST dTuRd STdld. § 9UH &d &t 3T
SREIAIE DHIUAT UHRA Sl WId H&. IR Aradadl sl 3dh bR 31,
e,

1. 95 (Numbers):

Y ek Sl DR TS T GUfRd Hld. Sl Y01 il Held ol dag] TS
UHR TR ded] ST,

JalgrUr:

varl=1 # int ST UBHR

var 2 = true # Boolean S¢T UHR
var 3 = 10.023 # float S UHR
var 4 = 10+3j # complex STTUPR

Uy IR JTATTeH] WATHS USRI THYT Hd S0 AT TIHr U arsRiye
faee-39 ol 3Ied, ST S H AU, §d, Tile SHTIOT By TUdId.
2. @T (String):
DI gl dfexd e (SuTar Idel HIAT THid RudK). U & saRad-ia
3ATd ST 372 3T 3§ P SicgT MU FRERIAR MU el degl AT AgHd fagme
RETHY Sqa HRugUas A UHRA! 9414 [T 3ffsside TR &Rl dgdd RiTa fdhar
9 fhar foud icHel B ued ATgl.
& 81 U AM--gAR® Sl UHR 318, WTgioidhd JTar TN SHIIUIdT HTH H Aehd
e, TUTY, TS RAT M1 Hi-che = YRWT fobdT et ST, WehdTd. Uy str a¥i(class)
T TR e Iugad gl uRUIRT dxal. @ (+) fag R v e A SRR
3{Tg 301 ARTB (*) UrAYTHET GARTGRIT SHTURER 3T,
JalgrUn

str ='Hello World!'

print (str) # Prints complete string

Maharashtra State Board of Technical Education 5
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print (str[0]) # Prints first character of the string

print (str[2:5]) # Prints characters starting from 3rd to 5th
print (str[2:]) # Prints string starting from 3rd character
print (str * 2) # Prints string two times

print (str + "TEST") # Prints concatenated string

Output:

Hello World!

Hallo World!

Hello World!Hello World!
Hello World! TEST

3. U (Tuples):

cUeral AR UdhTd QRUTAH 3-ds ¥ AT ol STl <Ud 81 Udh T8 318 Sl
U 0T UREA1T 3R, U IS sibe() [fgad SR,

Y- YA IR [aYdd dhaldl e e SRIdTd. TUd e sdbe ge ferfge Sirdrd
().

cUd BIeEid U oA 315, U cUaHHd Ui aeqal Ui el Il TaH SumT
3GqlexUl:

tuple = ('abcd’, 786 , 2.23, 'john’, 70.2 )

tinytuple = (123, 'john’)

print (tuple) # Prints the complete tuple

print (tuple[0]) # Prints first element of the tuple

print (tuple[1:3]) # Prints elements of the tuple starting from 2nd till 3rd
print (tuple[2:]) # Prints elements of the tuple starting from 3rd element
print (tinytuple * 2) # Prints the contents of the tuple twice

print (tuple + tinytuple) # Prints concatenated tuples

Output:

(‘abcd', 786, 2.23, 'john’, 70.2)

abcd

(786, 2.23)

(2.23, 'john’, 70.2)

(123, 'john’, 123, 'john’)

(‘abcd', 786, 2.23, 'john’, 70.2, 123, ‘john’)

4. fore (List):

fore gafd omviq $Urd s ST ISR 3Med. foreded) HiATgR fayad Haedn Mfr AiwiHt
She =T AL AT ([ ]). TOYA foresft Heftd 9d 9% aaTTen Sel USReAT 3R
HdTd. UhT [eReHE 1Y 3Mdhs, YN, TU, G DI R 9 31 Ahdld. gy foreq sl

Maharashtra State Board of Technical Education 6
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HrEaaicl! oo WY SRR ([] 3107 []) a0 TR el $i13s dbald SATd SIshafore]
i< GHATdar 0 YR & sIdTd ST1OT -1 =07 /aet H1d HRdld.

JqleXUl:

list = [ 'abed', 786 , 2.23, ‘john', 70.2 ]

tinylist = [123, 'john']

print (list) # Prints complete list

print (list[0]) # Prints first element of the list

print (list[1:3]) # Prints elements starting from 2nd till 3rd
print (list[2:]) # Prints elements starting from 3rd element
print (tinylist * 2) # Prints list two times

print (list + tinylist) # Prints concatenated lists

Output:

['abcd’, 786, 2.23, 'john’, 70.2]

abcd

[786, 2.23]

[2.23, Yjohn', 70.2]

[123, 'john’, 123, 'john’]

['abcd’, 786, 2.23, 'john’, 70.2, 123, ‘john']

5. fea= (Dictionary):

fERMAIT IUNT S Sl g AURd BRGNS el STal key: value Jed ST,
SR 81 U TUg 3MI8 Sl TSR dhaar, Saauarad 3Mg 0T el WA ¢d
181, Sliedl HIHATgR faved dbedr SITdTd 0T SRl e T 3M1d daed SIdrd {3, P 0T
St FRall sdbe ({3) 7 dedd SR ST AHIHT sbe ([]) I Jed FfErd Pl
WS AHdrd IO Y T SIS, hdl. [SIRMR] IGAvarg 3HTed, T [SaRMRI TR
TR MUY 9] TG Abdl, Siig Adball fdhdl BIg TId Wbl

JalerUr:

dict={}

dict['one’] = "This is one"

dict[2] ="This is two"

tinydict = {'name": 'john’,'code".6734, 'dept": 'sales'}

print (dict['one'])  # Prints value for 'one' key

print (dict[2]) # Prints value for 2 key

print (tinydict) # Prints complete dictionary

print (tinydict.keys()) # Prints all the keys

print (tinydict.values()) # Prints all the values

Output:

This is one

This is two

Maharashtra State Board of Technical Education 7
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{'name": ‘john’, 'code": 6734, 'dept": 'sales'}
dict_keys(['name’, ‘code’, 'dept])
dict_values(['john’, 6734, 'sales])

1.4 9ff® 3ifuvedd (Basic Operators):

1. 3tyFfe® Sfeyd (Arithmatic Operators):

3RHTeD SRR § IR 3iTRex 3Med T 31U § g TIRSIR S HRdId. T

quiar sy SRIuETed U el SRS i1 Tile =1 SRiyHe s TR aiRomd

TEUTS! TRITC. TRITC ST b Iieiarad UiRomd g1 Ueb TdiidT 3fidhel 3HTa.

Ty U el 94 3RIyHeH ATqReT! g1el TUIRT dadl WISHaUH 3TR:
Table 1.2 : 3RIYHeH 3iTuvex (Arithmatic Operators)

JHTIRCR T KL
(Operator) (Name) (Example)
+ SRSt (Addition) a+b=30
- CEIEIC! (Subtraction) a—b=-10
* TUMhIR (Multiplication) a*b=200

/ YRR (Division) b/a=2

% W(Modulus) b%a=0

o YTdih (Exponent) a**h =10**20
Il AR f&f@SH (Floor Division) | 9//2 =4

2. ﬁﬁwmﬁﬁvﬁr 3rovey (Relational/Comparison Operators):
&M Tl T HROANIS! HURSH TORER AR SITdTd. HURSH SHIRew-T Ramd
TRy W TEUIdld. UAHYE SUas aedl ¥d HUReH Tdedd! ardl QUi
GRUT WTHAYHTO 3T3:

Table 1.3: . Re=Fa /Hufve= Gﬁ'W(RelationaI/Comparison Operators)

3T A KAL)
(Operator) (Name) (Example)
< Ue&fT AT (Less than) a<b
> U&fT SIRd (Greater than) a>b
<= UefT St fdba HHJ T (Less than or equal to) a<=b
>= U&fT SR bl HHJ T (Greater than or equal to) a>=b
== T RIS 37T (Is equal to) ==b
I= T RIS ATat (Is not equal to) al=b

Maharashtra State Board of Technical Education 8
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3. 3HTgTHE ITUved (Assignment Operators):
RIS e UaH BRGNS STS-He SfuResidl aTR Bl i,
Table 1.4: &HET-H?IE‘ 3T (Assignment Operators)

3Tqvex IGIGIUl o #
(Operator) (Example) (Same As)
= X=5 X=5
+= X+=3 X=x+3
-= X -= X=x-3
*= X*=3 X=x*3
/= X/=3 Xx=x/3
%= X %=3 X=X%3
/= x/I=3 Xx=x//3
*k— X **= 3 X =X**3
&= X &=3 X=X&3
= X|=3 X=Xx]|3
A= X"=3 X=x"3
>>= X >>=3 X=X>>3
<<= X <<=3 X=X<<3
Print (x := 3) x = 3 print(x)

4. ATfoTRd STuey (Logical Operators):
QAT JTURETT aTuR IRId [GYUT Uhd HIUATATST Bl Srd:
Table 1.5: Ao d 3HTUReH (Logical Operators)

3TIReR quiq SGTERUl
(Operator) (Description) (Example)
3fs 3fe Adiet el fAum True 3T R Re true
. x<5andx<10
(AND) (Returns True if both statements are true)
% 3R AR SR TETe AU TRUE 3@ R Red
(OR) TRUE 33l (Returns True if one of the statements | X <5o0rx<4
is true)
J Tfe gefta AU false 3@d@ R Red TRUE, fau™
—ic true 38 ) fRe false. NOT (x < 5 and x <
(NOT) (Reverse the result, returns False if the result is | 10)
true)
5. faeagw 3Tey (Bitwise Operators):

faearEs SifRear aTR @EARY) AT gaT HRUATITaT Bal i,

Maharashtra State Board of Technical Education 9
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Table 1.6 : foearss 3foed (Bitwise Operators)

TR M quie JETERI
(Operator) (Name) (Description) (Example)
Gl focy 1 3T YD foc 1 aR T BRI
& AND R _ X&Y
(Sets each bit to 1 if both bits are 1)
SR G fIcqUD! Th 1 3Rd @R S e 1
OR IR Te B (Sets each bit to 1 if one of two bits x|y
is1)
SR g fdcHud! Had U 1 3R¥d R s
A XOR fS€ 1 IR TT B (Sets each bit to 1 if only one X"y
of two bits is 1)
_ nor | 9 f9TH SrelHed BRATd (nverts all the ~X
bits)
3Sldih g YT 3 Ghed Sldidhs dol
< Zerofill left | oifoT S1d gbs Widll Ug @1 (Shift left by |,
shift pushing zeros in from the right and let the
leftmost bits fall off)
Srihg ST facal Udl 3d ghad
Signed right 3STdidhs IRBT AT Iold he WIall Ug ol
>> shift (Shift right by pushing copies of the leftmost bit X>>2

in from the left, and let the rightmost bits fall
off)

6. AT STRed (Membership Operators):
TR SHisslacHed 3IhH HIax hdl 3118 P! -le! 8 TURIUINITS! HIERIRY SHtRexdl dTiR

el ST,

Table 1.7: Sq&dl 3TRed (Membership Operators)

3Tu¥ex

(Operator)

quiF

(Description)

JclexUl
(Example)

R SHfsoldeHe WRIBTSS value 3

R e true 34t (Returns True if a
sequence with the specified value is
present in the object)

xiny

not in

R Ifeoidened [y value 3/ Qar

TN e true 334l (Returns True if
a sequence with the specified value is
not present in the object)

xnotiny

Maharashtra State Board of Technical Education
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6. TASfed SfuRey (Identity Operators):
IS ST AR 3fisciacas! ol HRUAMNIS! dhell Sfdl, SR d THM S R
8!, TR SR d WRRER FHM SHfsolare RIS, THH BRI RIHNE.

JMqeer | quiA IaTERUT
(Operator) | (Description) (Example)
. Gl TNUIAY Uhd 3ffeviae 3&dId ok e true ‘isy

(Returns True if both variables are the same object)

3l RRUTTH Thd 3Hieoide 9aid dR Re=g true

is not ] ) ] X isnoty
(Returns True if both variables are not the same object)

7. TS SRIHH (Operator Precedence):

TIRCR 3FThH T HHTE! ARSAT Tl ST SHIReHd Teid ol offd. gray=aia
$Ha@ B HReHdl f[TaR Hed, URUIRS d1eieTHEEY FaH Uy $exveigR
S aroRer oral, T sfhe @ Gedid UYH $d S, faUTS ST oneR SffiRex AR
SISl SITdTd 30T AR TS T golTaTh! 3{Ta¥e’ 3.

3{USHH Y WA dadTd Ui ol 31Tg, SaTe JoaTd MU Jared UHH Bidl.

Table 1.8: 3TU¥eR 3UHH (Operator Precedence)

JHTAe quie
(Operator) (Description)
0 Sdhe (Parentheses)
*x Qaﬂuﬁﬂzﬂw (Exponentiation)
o o IR WY, IR ATZY 30 f[dedIgs e (Unary plus, unary
P minus, and bitwise NOT)
. % IR SifdoIT, TR Sifdeior it Areded
(Multiplication, division, floor division, and modulus)
+ - SRS ATTOT TSTTeTh! (Addition and subtraction)
<< >> iacous\ﬂ AT 38 NELE e (Bitwise left and right shifts)
& f9carsst 3fs (Bitwise AND)
n focarssl TaSMI3R (Bitwise XOR)
| foeargst fhdr (Bitwise OR)
== I=>>=< <= is is detHl, 3 U1 TG 3URCR (Comparisons, identity,
not in notin and membership operators)
NOT dIfSTehd e (Logical NOT)
AND 3{8 (AND)
OR 3R (OR)
SR G TREHT THM WU 3R¥d dR NI Teidh S[AIdh g Soldidhs ol ST,
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1.5 derd Tl (Control flow):

1.5.1 HISIA WHe (Conditional statements):

a. 8% (if) - SR fau™ g Tald 9 fAvfg 9o fau sie. waren fafy faumr fdbar
faum=a sl SHaTSTauh Sl d &t ATal § 3AATATITST T aTuR Bl ST,

T ARA! 3¢ @RI fdbdT @it 3. SR fa4™ g g WioRd & - SR g TR
3 dR o IraTdd AU sld SHard S0 =T ATal.

IR AT (syntax):

if condition:

statementl
statement2

# T SR BISIM true 3R IR sl had e 1 T scichedl 3Td g 3 A,
JaleXur:
a=233
b =200
if (b >a):
print ("b is greater than a")
Output:
b is greater than a

b. 3% T (IF-ELSE):
SR $hdes fauU™ MUl IiTd &1 SR TQIGT 3T WX 3™ R <t [AUMHET sl A
MU STFOT SR <t 31 gl 3R R ot HRUMR ATal. T SR 3T WIST 3d R geTel
g Bl BT 3T R UY SR 3T Fict A R MU Hiedl sldb A
TUTITST Uy a1 fUMg else fAUM aroRe dal. else ®Ids =M HIUNG! 1P
Udhadi ol 3ATefear gk Udmed oird -Tal.
qIRRIAT (syntax):
if (condition):

# Executes this block if condition is true
else:

# Executes this block if condition is false

Example:
i=20

if (i < 15):
print("i is smaller than 15™)
print("i'm in if Block™)
else:
print(*i is greater than 15")
print("i'm in else Block™)
print("i'm not in if and not in else Block™)
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Output:
i is greater than 15
i'm in else Block
i'm not in if and not in else Block
c. %S W (Nested if):
SR faum™ Srcia @R e 3 ST 3 B YU URI AIUE RAhdl YT SR RITd
3o faumr=AT 3d faum e ar. 3Rit uRfRUG I Tdhd SiegT Tardl fRydt Jaard
IR 30T goat Ry qurill B 3fbdr. o2 de+ gl s 1 aTR B
ehdl. XS A SR el TR SATUUTY Teh T 3 AlelaR gOR AT HTd g Dl
dIRIRYAT (Syntax):
if expressionl:
statement(s)
if expression2:
statement(s)
elif expression3:
statement(s)3
else
statement(s)
elif expression4:
statement(s)
else:
statement(s)
Example:
num==8
print ("num =", num)
if num%2==0:
if num%3==0:
print ("Divisible by 3 and 2")
else:
print ("divisible by 2 not divisible by 3")
else:
if num%3==0:
print ("divisible by 3 not divisible by 2")
else:
print ("not Divisible by 2 not divisible by 3")
Output:
num =8
divisible by 2 not divisible by 3
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152 q&i’ﬂ < UTAY (Looping in python):
a. BI3d U (while loop):
Y YT YT d ®Te! ®e qU WKeHe dRAR &g fauM SiHard Murd Siadd feeet
e dfeH @1t e,
IR (syntax):
while expression:
statement(s)
PIaSAMR Fead HISIA AT FR Piad FaggR UM I6 g7scs sid & bl
Sl 39, faur (qum) T fau 3y Wrebdid fdvar thad $S¢ 3Rided fagier siid
3 THdl. 31 DIUIE! DTS 3RY Uhd HTOT I TS I Aeiel Yoo, e ST
3alerUr:
#Print i as long as i is less than 6:
i=1
while i < 6:
print(i)
i+=1
Output:

B W DN

5
b. BIR U (for loop): TR U AT STANT SHIHHATR (UGl TheR forke, <ud, fearmrt  fdhar
B ERWIBIE TSI
dIRIRIAT(Syntax):
for iterating variable in sequence:
statements(s)
SR TERET SIHHTY HSTE foRe SRid R UYH A Gidh- od Slld. IR,
SIIRHTTE Ufgelt SeH (0 T FaRiidiar) SexfcT GRS iterating_var fGail SiTdl.
4g, Wche sl T HTUTEl ST, ATeidia Y 3MICH iterating_var GUdTd 3Tl 313
31T Tquf 31 gepH WUudd WeHe sl ST ST Sl
3aleXUl:
#Print each fruit in a fruit list:
fruits = ["apple™, "banana”, "cherry"]
for x in fruits:
print(x)
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Output:

apple
banana

cherry

C. ﬁ'\‘%‘é?[q (Nested loop):
ST 3TUUT U WeHcqd Uah fohal 3ifeie U foifgdl S s U ®BUH 3Hid@d Sl
R Ul §Tel U HH SiTd 10T STRT U=l STdid QU 3Tdid JU WA 3fidd Sl
Y T HTST g8l U 31d Th U aToRuard WA od
o ﬁ'\‘%@"tﬁ'\’qq (Nested for loop):
UHTS! Ueh fobdl iU SHTcte ST JUHTS! UHTST LS Il ST,
dIRRIAT(syntax):
for iterating_var in sequence:

for iterating_var in sequence:

statements(s)
statements(s)

Aws G‘Iﬁ?r U (Nested while loop):
qOHE U fhal 31fAH STl U SdTd ok U A S ST
dIRRIAT(Syntax):
while expression:
while expression:
statement(s)
statement(s)

qu ﬁﬁt{{?rm WaHe (Loop manipulation statement):

o WHfexg ®WeHE (Continue statement): TIUTH Sl SHATSIAUN TBUIRITS] B3R
T cHedl dTR Hal Sral ST getd ARG & HRUGNIST e qua] Jedla ™
090 R Hd I, SgT MR S dFTd, 9@ U G IR 3aid
faumi siqararsauft 7 HRar géld GRIgR = dd. HICY3R WcHe 91 dTiR HRd]
3TTOT SURITST Gl UhR bl SIS, el

AIRIRIAT(Syntax):

continue

Jalevur:

for letter in 'Python':

if letter =="h":
continue
print ('Current Letter:', letter)

Output:

Current Letter: P

Current Letter: y
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Current Letter: t
Current Letter: o
Current Letter: n
e U wcHe (pass statement):
ST TR AUl STazadhdl ST dagT UM ¥ecHe aTiRd Sffd IRy SHTIeTal HIvkiie!
SIS fdhdl Bl AT MU= 4. 8 T Y SRR 31Tg; ol HAd TR gl
B TTEY. Uy U Rede = fewmlt Ixie Iugad Mg Y eiuar wis Yt o,
R Sy ferfga e =g,
dIRIRIAT(syntax):
pass
3alerul:
for letter in 'Python':
if letter ==
pass
print (‘'This is pass block’)
print ('Current Letter:', letter)
print ("Good bye!")
Output:
Current Letter: P
Current Letter: y
Current Letter: t
This is pass block
Current Letter: h
Current Letter: o
Current Letter: n
Good bye!
o 9% Wele (break statement):
o YecHedl aTIR e SRR HRUTTTST Bl STl 101 ¢ WUTTET Aefied URUIR® o
K cHeHHO gsm TR SHdadSau SIS Dl .
Uy % WKeHedl gaid g aTiR UM gl YTl aTel Rt Sagad dagl quayd
qTeR USUITE! SHTaIddl 3RId. Sh T YT qUATS! dTRd SIS, dhdl.
dIRRIAT(syntax):
break
Jalexur:
for letter in 'Python':
if letter ==
break
print (Current Letter:', letter)
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Output:

Current Letter: P
Current Letter: y
Current Letter: t

T I (References) :

https://pynative.com/python-control-flow-statements/
https://www.freecodecamp.org/news/control-flow-in-programming-b9fb4f4539c/
https://builtin.com/software-engineering-perspectives/control-flow
https://www.tutorialspoint.com/python/python_control_flow.html
https://docs.python.org/3/tutorial/controlflow.html
https://www.w3schools.com/python/python_conditions.asp
https://www.programiz.com/python-programming

No ak~wbdpE
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gfie -2
Trayade Wikfre e waad sfs haRrd
(Python Specific Data Structure and Functions)

fawa fAsa=it (Course Outcome): TRAYHHTS ShT TR TR B,
geo s (Theory Learning Outcome):
1. Rooa qaRé! foke S uarTa! Uy Uiy fasRid &
2. feoou UsHUT3! <UGY SIS UaRITS! Urgy UITH fasmRid &,
3. feowur ledd Ued e SIS uray= Uriy forg.
4. oo isorardl fERMRT @ vard! uray= U gt
5. feooar grRTd! Hefid g3R S thar famiRid &,
2.1 {5 (Lists)

o UHYT ALY Yl g1 IR YIVHY 9T Hoddl SRHH®O! BRI SRR

SHYdId (C++ A AT AT Java AL Array List).
o T YN, Yl TN [ | G &g oo O WUl  faydd dooar Ml
o Tl 3TICH ISR Hoo A, IGHTARINT AT A0 Gidhe HATT STHc
GTd .

2.1.1 {5 fEWIST I (Defining List)
fore @roTeuHTt gRYTRT Bot SIS, b,
L1 = ["MSBTE", 102, "SANGAMNER"]
L2=[1,2, 3,4,5,6]
L3 = [1, "JAVA"]
Var = ["Hello", "to", "All"]
print(Var)
3T3CYc (Output): ["Hello", "to", "All"]
fore gafd Wie SR ofgd of Uragys HISET AUST U 3MTed. Jdi Agd! THadH
AT SO d TYAARS Jaid Hew@d 1Y 894, Tl foen e geo, R, a¥a
Sisolacy YRW ST UHR 3R FAbdld. e IGoUararg 34drd, 301 WU, il
fAfHdHaRe! T Ieaal SiTs, 2D,
2.1.2 fore adhta %ﬂﬁﬁ'\ﬁﬂw (Accessing values in list)
oY foeq sl © oy Uy HRUARITS!, STaUl féeT SeadT (index) dTUR & X[,
Qo1 Ird Jarel fad o
fowne ufgdl Fog IR (0) Te@T grafdd gla.
3aIevUl(eg.):
foed gERT 3cd gfad &:
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thislist = ["apple”, "banana”, "cherry"]

print(thislist[1])

S{T3CYc(Output):

banana

RN Iarerumd ufgsdl TG a1 SST 0 3T,

o ife® ST (Negative Indexing) :ICE SSHRIST TSI VA< URH Joard
PO . -1 B SS9 AdeAT USHT W Hd HRdl, -2 BT Soo guxl AGcaT ol
Tefd HRdl SATEL.  IaTERTN(eg.): YT Al THIHE BIT:

thislist = ["apple”, "banana™, "cherry"]
print(thislist[-1]

ST 39 (Range of Indexes): %! A0 Yfrd o YSard HRUIRISN Jide
BT 33 Yevdl . ¥ Alfgell 3¥d R, AHL faaiedn YR Sod URH o
IaTEWN(eg.): for=am , e anfor ureren wferde grgar :

thislist = ["apple"”, "banana™, "cherry"”, "orange", "kiwi", "melon”, "mango"]
print(thislist[2:5])

ST3cYc(Output):

[‘cherry’, 'orange’, 'kiwi']

JaTEXUN(eg.): T JAIERUMG, "kiwi" JHIAY B YRUUNA a1 URd HRalr:
thislist = ["apple”, "banana”, "cherry", "orange"”, "kiwi", "melon", "mango"]
print(thislist[:4])

ST3cYc(Output):

['apple’, 'banana’, ‘cherry’, 'orange’]

JaI8V(eg.):AT IGTGRUI, "cherry” TR Y& 8I$ GHIGUG TN Gl URd Hdll:
thislist = ["apple"”, "banana”, "cherry", "orange", "kiwi", "melon", "mango"]
print(thislist[2:])

ST3CYc(Output):

[‘cherry’, 'orange’, 'kiwi', 'melon’, 'mango’]

JalerUl (eg):dT 3aleXUINd, "orange™ (-4) UIYd g gl "mango” (-1) qHTC g T

AT TR DRl
thislist = ["apple™, "banana”, "cherry", "orange", "kiwi", "melon”, "mango"]
print(thislist[-4:-1])

3fI3cYc (Output):-

['orange’, 'kiwi', 'melon’]
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. fowadle %ﬂ%‘cﬁ?w (Deleting values in list):

foxnd Fog fEdlc UARIE! del Fiagsdl IR HT Al THYA STUGATS]

remove() BYS fGFST 38, ATUGUTST HIUd B fSWCHY §Cdld HAFAN AT Fogdl

SSR] ral ST,

. fowendic gayg f&die Hyvard ufkar @refte yumo

List=1[0, 1, 2, 3, 4]

print(List)

S3T3CYc(Output):

[0, 1,2, 3,4]

del List[0]

print(List)

ST3CYC(Output):

[1,2,3,4]

del List[3]

print(List)

STI3CYC(Output):

[1,2,3]

Y, ufgear fiie Thi< A YEd Jod UeRid o 36, [ del HIaSdl aTUR S Uigadl

06 geqd g fove UelRid &l 318, 3 2ad! iR god §edd SHUaare! ISl

FGIHIIR it UeRid Hol 3ime.

o % 3MUSe HIU (Updating lists): 3t TOR FHoadl oA MU0 56 e
2[hdl. AT foxe TSI KU, JNI6! MUGATST Sodd e ral STl AT
A off F&Y 3R <t T ST, WIST T ISTER0 S 3118,

List=[1,2,3,4,5, 6]

print(List)

3T3cYc(Output): [1, 2, 3, 4, 5, 6]
List[2] = 10

print(List)

3T3cYc(Output): [1, 2, 10, 4, 5, 6]
List[1:3] = [89, 78]

print(List)

3T3cYc(Output): [1, 89, 78, 4, 5, 6]

3y, gfgoar  fiic weied YO o0 UelRid $os8Me. 7w, %! U6 Jadd 3 Jdid

UGN AT RIS o fgd 3iig . 3ol A9t et feoaar 9uiie god qHae

3T B 3.

o dfY® fETE 3TUVIH (Basic List Operations)

Uy Jdiaie goyd fhar Afgdr g3ard.
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1. BIPIARI (concatenation): + HTIRCITT ATIR B (ST TS BRI,

# Basic list operations
listl =[1, 2, 3]
list2 =[4, 5, 6]
# Concatenation
combined_list = listl + list2
Output
[1,2,3,4,5,6]
. FediR=M (Repetition): * 3iTRexal AR He foved! TARIGR .
# Repetition
repeated_list = listl * 2
Output
[1,2,3,1,2,3]
AWRFIMT (Membership): in 31O ATR Hed TETC 3AcH foeHS 318 B ATl
d qurE,
# Membership
Is_present = 3 in listl # True

Y (length) : len() BaRIT AR H&A ol Bie fHel.
# Length
length = len(listl) # 3
fa@e-ga fowe BRI (Built-in List Functions)
TraYTaY foedrat dle! SHTYd haRIT 3HTed.
append(): fToeai® T gew dafcd &,
clear(): fTowAd® 9 U S0l
copy(): foerdie ufafod g Hur.
count(): [ARRTY g T Hzau .
extend(): U foeadie gcdh Qe a9t Sl
index(): MRad gcd ufgoar ucad sei Hesqu.
insert(): AR RIMAR T g FHAIAY &0
pop(): FARRId ™MIaIS gcdh HIul.
. remove(): [ARATS gcHM Ulgd Ucw {j\dlq\ﬂ HTGUl.
10. reverse(): fo¥c=T Uem IGC HHAR] B0
11. sort(): fowreio gch HHIGIR HHdg HI0
32T YR, IS WU T JAT3T SHTa=TDh SR B YT T 2Aehdl.

1. 34 append(): T HYSTT IUANT Hxe JRal JAId U Uch Tacid B bl
my_list =[1, 2, 3]
my_list.append(4)

N

w

e

© o N g~ wWwDN PR
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print(my_list)

3fI3CYc(Output): [1, 2, 3, 4]

2. FHIR clear(): T HYSH SUUNT B3 IR [OHETS Fd U Dig hdl,
my_list =[1, 2, 3]

my_list.clear()

print(my_list)

SfT3cYc(Output): [ ]

3. DIUT copy(): TT HYSAT IUANT He TRl [oeed! UidfoUt U S Zrdhl.
original_list = [1, 2, 3]

copied_list = original_list.copy()

print(copied_list)

SfT3cYc(Output): [1, 2, 3]

4. BTIC count(): TT HYSTT IUANT - et AIRTY Hoare G fresq 21
my_list=[1, 2, 2, 3, 4, 2]

count_of 2 = my_list.count(2)

print(count_of 2)

S3T3cYc(Output): 3

5. TRICS extend(): TT AYSAT IUANT B el U T [owcl 2del Silg Zrahdl.
list1 = [1, 2, 3]

list2 = [4, 5, 6]

list1.extend(list2)

print(list1)

3M3cYc(Output): [1, 2, 3,4, 5, 6]

6. SS90 index(): T HYSHT STAN HeA Rl MIRad Jodrd Ulee Sodd W g 2l
my_list =10, 20, 30, 20, 40]

index_of 20 = my_list.index(20)

print(index_of_20)

SI3cYc(Output): 1

7. $OS insert(): 1 AYSAT SUANT B gie! U (MfRad RIMER U e qHIAY
HX [ehdl.

my_list =1, 2, 3]

my_list.insert(1, 5)

print(my_list)

SfI3cYc(Output): [1, 5, 2, 3]

8. UTY pop(): T HYSAT TN H&A qie] (MiRAd RIFIGR UCdH PHlg 2dhdl.
my_list =[1, 2, 3, 4]
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popped_value = my_list.pop(2)

print(popped_value)

3{T3cYc(Output): 3

print(my_list)

3T3TYE(Output): [1, 2, 4]

9. RS remove(): 1 AUESAT ST & il [ARIS UTHh Ufgd gedh [GeHYT dlg
RAhdl.

my_list =[1, 2, 3, 4]

my_list.remove(3)

print(my_list)

ST3CYC(Output): [1, 2, 4]

10. R reverse(): 1 AYSAT ST H= g [oeHHTE TeH! IGC HHARI B9,
R dI.

my_list =[1, 2, 3, 4]

my_list.reverse()

print(my_list)

ST3cYc(Output): [4, 3, 2, 1]

11. SHM BT sort(): T HYSAT SUAN T Rl [GeHI® Tehrd! hHAR! 319,

R dl.

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

my_list.sort()

print(my_list)

ST3cYc(Output): [1, 2, 3, 4]

2.2CUQd (Tuples):
TUGY (Tuples) URIYT HEUSH ATUIH ST T 38 SAId Ucdh SHaad g, bl
30T Uhd &0 Ued - SGodl Idid. <Gy SURAdHd (immutable) 38, 3T TGUAT &1
gedh dTd! ol d6Q ADdd, Rg Irdl T a1 Jodid! vl 9ao sid T .
CUGHA dTUR UhTd QRUSGHE THIED HCH Add HRUARITST BT SITdl.
OGS URHITT HRUTMTST (parentheses) HTTOT U TSHE T HIHT AT TR BHo
S,
JETEUMY, Th TUGH TIR H&dT:

my_tuple = (1, 2, 3, "Hello", 4.5)

print(my_tuple)

ST3CYC(Output): (1, 2, 3, 'Hello', 4.5)

CUGUHY Uch U qUl hHTIHR 3dTd, T el TUGH Hel Soad aTUe BHIulrg!
CHIG] U H& 2l
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print(my_tuple[0])

3T3cYc(Output): 1

print(my_tuple[3])

3T3CYc(Output): 'Hello'

TUGY RI&d 3175, 3 WUl $I TUGY ot oI daoo! ol dbd Aleld. Ug gl Ud
4l UG dIR & bl

new_tuple = my_tuple + (6, 7)

print(new_tuple)

3T3CYc(Output): (1, 2, 3, 'Hello’, 4.5, 6, 7)

UGY A fafdy UHRAT Se et gAY HRdl. SUIRTG A cudy g3dHmia SUanH
W STS[@T 94 B! Ucdh TIUG Y FUId SRIddT IdTd.

2.2.1 E’qwiﬂ? %Wﬁ?\ﬁﬁ HI0 (Accessing values in Tuples)

UGS Uch IS i HILTHATd U Ho! SITdd. Uigadl UchNdl So 0 URH Jo
gidl.

my_tuple = (1, 2, 3, 'Hello', 4.5)

TG T 6ol

print(my_tuple[0])

3T3cYc(Output): 1

print(my_tuple[3])

ST3cYc(Output): 'Hello'

2.2.2cUod e c_é"ﬁq\%?ﬂ’c’ HI0 (deleting values in Tuples):

e TR HSo <UD daod Id ATgl, ! Tl cuay I8 ¥cdh ged, hd el
IR, %! AMUSTTSHTaS AT IG01Hg AdIH TUGY dIR B b,

my_tuple = (1, 2, 3, 'Hello', 4.5)

YT gefdul (A UG TR B 'Hello' SToR PIgH)

new_tuple = my_tuple[:3] + my_tuple[4:]

print(new_tuple)

3M3eYc(Output): (1, 2, 3, 4.5)

2.2.3 E'qm‘éﬁ?" oY 3UST B0 (updating Tuples)

TR ORI ST, IR Ty fhal RMHSHU Ty O Gy Usc e
R[hd ATE1. W, To! MUSAT HTAS AT dGBi¥g Tdi- TUGY TR He b,

my_tuple = (1, 2, 3, 'Hello', 4.5)

&g 3Edd HRUIAAH CUGd dOR HRUNUIGHIE)

updated_tuple = my_tuple[:3] + (‘World’) + my_tuple[4:]

print(updated_tuple)

Maharashtra State Board of Technical Education 24



ST WaRR T UrgYH-313306 Data Structure Using Python - 313306

SfT3cYc(Output): (1, 2, 3, World', 4.5)

G&Td &1 HUled $Hoodl cUod HHEGe sid 3Mg dhal A6l § GIAUR, TY TUGY 318
31 BT, et TUTe HoadT cUoy o Jod §q S AR, RIMNGI0 | ey ALl
4 Ucedh Sedl W] Uy ol Jod 9 2Adhdl.

2.2.4 9R® TUGH Ba_M (Basic Tuple function):

o HIBEIMRM (Concatenation): & SIIRH UHT SISUINIS! + 3TReR ARSI
S|

o U= (Repetition): TIUGAT UTHHT * HTREX AIETA 3P dos] BT aTIRD
BRI

o WOTARIT (Slicing): SIUGA faRRIY YT TOTSH JUANITA! : 3{TUReR dTURST ST,
o WWRRIT (Membership): in HIds AU THEIG] Uch SIUOHH 38 &I ATl &
GEISEASIGH
o 33 (Iteration): for U ATUE cgUGHUTS TP TcHIar Uichdl HRdl Ud.
e DI (Comparison): &I cgUGY THIRY 3Tgd Pi Ale! & qUIITIRITS! ==
3{TRCR qTURGT ST,
# Creating tuples
tuplel = (1, 2, 3)
tuple2 = (4, 5, 6)
1. BIPARHA (Concatenation)
concatenated = tuplel + tuple2
print(‘Concatenated tuple: {concatenated}’)
ST3cYc(Output): Concatenated tuple: (1, 2, 3, 4, 5, 6)
2. fedie=am (Repetition)
repeated = tuplel * 2
print('Repeated tuple: {repeated}’)
ST3cYc(Output): Repeated tuple: (1, 2, 3, 1, 2, 3)
3. TTARMT (Slicing)
sliced = concatenated[1:4]
print('Sliced tuple: {sliced}")
SfT3cYc(Output): Sliced tuple: (2, 3, 4)
4. AFIRFRTT (Membership)
is_member = 3 in tuplel
print('ls 3 in tuplel? {is_member}’)
ST3CYc(Output): Is 3 in tuplel? True
5. '{Eﬁ'ﬂ? (Iteration)

print('Elements in tuplel:’)
for element in tuplel:
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print(element)
3T3cYc(Output):
Elements in tuplel:
1
2
3

6. HATINSIUT (Comparison)

tuple3 = (1, 2, 3)

are_equal = tuplel == tuple3

print (‘Are tuplel and tuple3 equal? {are equal}')

SfT3cYc(Output):

Are tuplel and tuple3 equal?

True

2.3 He(Set):

Y- He WY TS T 31301 Yh Rl Sl WaeR 3118 SUTd 5T - 3T (unique) STTOT
G0 9 He FADGUIR (immutable) TCH AATd. T 3AGfed (unordered) 3RIATd TS
I gehid DIvdal 3RIAd HH (order) T,

2.3.1 V€ TR BT (Set Creation)

T TR HUGRITS! Ho! 59 { } fhar set( ) R TR S,

# Creating a set using curly braces

my set={1, 2, 3,4, 5}

# Creating a set using the set() function

another_set = set([6, 7, 8, 9, 10])

# Printing the sets

print(‘My set: {my_set}") # Output: My set: {1, 2, 3, 4, 5}

print(‘Another set: {another set}')

ST3cYc(Output): Another set: {6, 7, 8, 9, 10}

1. JcH YTP UTW B0 (Reading value from the set)

e AT SGATHeS, AIT® Tl fhal TUHISTI® Ted MuUiiRd ®Rdl dd A8l 3ol
T fohdl AT RIMTER dTg Xl IR, in HIdS dUFH F&T dl g 1 de g8
3118 o A8l Tt qurult S 2reha.

.my set={1, 2, 3,4, 5}

3 YA 38 B ATE! & qum

is_present = 3 in my_set

2. @E‘HEET Ueh HIeul (Deleting Values from set)

JTHY UCH HIGUINIS] WTOTS Ugd! ARGl SIS, RAdhdld:
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e remove(element): fGFBT UTH PHIgd cIdhdl. Uch YcHH AIGAN DI TR
(KeyError) ECERI]
o discard(element): fO®T UcHh DIgd Cldbdl. Uch YcHY TIGIAN B TR
argad gl
o pop(): YCHYT UH X&H Uch BIgA cIdhal 30T TSI URd .
e clear(): e o H.
my_set = {1, 2, 3, 4, 5}
# remove(element) - Remove an element (raises an error if element not found)
my_set.remove(3)
print (Set after removing 3: {my_set}")
33 CYC(Output):
Set after removing 3: {1, 2, 4, 5}
3. 9¢ 3UST H0! (Updating Values in set)
T ot SO GAl Ueh e §a@ Hdl Ud ATe! HRUN YcqHTe Ueh aRad-g
(immutable) 3{TdTd. AT, U YcHH FdiF U< Siig 2dbdl U N b Big
Rl
add(element): ¥cHE a9 g SIS,
update(elements): HeHE THTUET feH gedh Sedl Jdrd.
# Creating a set
my set={1, 2, 3}
# add(element) - Add a single element to the set
my_set.add(4)
print(‘Set after adding 4: {my_set}")
ST3CYc(Output): Set after adding 4: {1, 2, 3, 4}
# update(elements) — Add multiple elements to the set
my_set.update([5, 6, 71)
print(Set after adding multiple elements: {my_set}")
ST3cYc(Output):
Set after adding multiple elements:
{1,2,3,4,5,6,7}
2.3.2 4R SITURZM 3M1- V< (Basic Operations on Sets)
e Union (89)- g fdvar 34fe Jexmdn T T80 T 94 AeqHee ¥d geamidr I,
Creating sets
set a={1, 2, 3}
set b={3,4,5}
# Union
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union_set = set_a.union(set_b)
print(Union: {union_set}")
SfT3cYc(Output): Union: {1, 2, 3, 4, 5}
e Intersection (&) G fahal SHfH YT &5 UM AT T4 VqHL THM fdal RS
S Ychidl Id
# Creating sets
set a={1, 2, 3}
set b=4{3, 4, 5}
# Intersection
intersection_set = set_a.intersection(set_b)
print(Intersection: {intersection_set}')
3T3CYC(Output): Intersection: {3}
« Difference (BR®)- U] YoHYA g1 YoHHS Yo I IRGG] Ad US| B,
# Creating sets
set a={1, 2, 3}
set b =43, 4, 5}
# Difference
difference_set = set_a.difference(set_b)
print(‘Difference: {difference_set}')

3T3cYc(Output): Difference: {1, 2}

2.3.3 ﬁW%T-I "e BRI (Built-in Set functions):

1. len() - ®idl: 8 T YO 3o HIddl T ASIUITST IR S,

length = len(my_set)

2. add( ) - &I SIS0l § YeHe U oY Slisd.

my_set.add(7)

3. remove( ) — AGY gefaul: § Yedd FERM Jod gead. Sk Jod Sifdrd A9dl &R § Th
KeyErrorB_cCIﬁW.

my_set.remove(4)

4. pop () - T H@UECHU!: BUCHHESDIUIE! T HFFgedd. SR AT W SR §UP
KeyErrorBﬂﬂWﬁ.

popped_value = my_set.pop()

5. clear() - ¢ T HRU: § YA HoY gedd, A Ie Rad gid.

my_set.clear()

2.4 feR (Dictionaries):

Uy g fSRMR) WU $i-dayg SISl (key-value pairs) S8 318, D P-4y
Sreiged & Hfgdid 3raa o1 &1 oIt Y&t 9oy 3idq. fermRt sRfafed (unordered)
3d U Yehid HIvda! SRAMdd HH (order) T, AGHIRT 8T UH TUG 38 Sl 3Hs
HOo], TCSVIRINY 3Tg 0T G beo! A &d ATal.
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2.4.1 fsa= 3 quR 30 (Dictionary Creation)

SR TOR FRUIRITST B s { 3 fhaT dict( ) HaRM aTRe Sl
Creating a dictionary using curly braces
my_dict ={

'name’: 'Alice’,

‘age": 25,

‘city": 'Pune’

}
print(my_dict)
ST3CYc(Output):
name : Alice
age : 25
city: Pune
2.4.2 fsTR{Y Ao ge@ Ut ot (Accessing Values in Dictionary)
fSRMITHe Tog A &I U TR H&d1 Sard.
Creating a dictionary using curly braces
my_dict = {
'name’; 'Alice’,
‘age": 25,
‘city": 'Pune’
}
// Accessing values
name = my_dict['name’]
age = my_dict.get('age’)
city =my_dict.get (‘city', 'Unknown’) # Default value if key is not found
print(Name: {name}’) # Output: Name: Alice
print(Age: {age}') # Output: Age: 25
print(City: {city}") # Output: City: Pune
2.4.3 feRM e G\'?Fq\%?ﬁf 0 (Deleting values in Dictionary)
ERFRITYH PI-d0g Tedl HIGUIRIS! BTl Udl 3Hed. W16 Ugd! dluRe YUl
fSRMIATYT e Big 2l
o del BITS: [N B AU B1-IGYG SIS I,
e pop() BYS: fORIY &1 ITUFA BHI-dGG Sl Dled! MO T3 TR DRl
e popitem() BYS: Zdcd! PI-dGg Siiel Bladl SOl TR HRal.
e clear() HYS: Id ®1-d0g Siiedl Hlgd feaar! R Hd.

# Creating a dictionary
student_info = {
'name": 'Rohit’,
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‘age": 21,
‘course'’: 'Computer Science'
}
Example 1: Using del() Method
del student_info['age’]
print(After deleting age: {student_info}')
3T3CYc(Output): After deleting age: {'name’: 'Rohit’, ‘course’: 'Computer Science'}
Example 2: Using pop() Method
# Creating a dictionary
employee_info = {
‘name': '‘Meera',
‘position’: 'Software Developer’,
‘salary': 75000
}
# Deleting a key-value pair using pop()
salary = employee_info.pop(‘salary’)
print(‘After popping salary: {employee info}")
print(‘Popped salary: {salary}")
3T3CYC(Output):
After popping salary: {'name": ‘Meera’, 'position": 'Software Developer'}
Popped salary: 75000
2.4.4 f&RMde E;'JWGN@;E 0 (Updating a Dictionary in Python)
gryE g feRMRIudie doge sraad sruaridl fafdy ggdl aruRar ddrd. Qoo
TGl ATRe 30T fEaRRIALT® d@gsl SRrarad B Rehdl:
1. Direct Assignment (3¢ Fga): AR ST dog e Fead Ud.
2. update() Method (3TSC HYS): THTT dd! THIUET SR H1-d0g Siied]
SEATad HRUGTITS aTuRdT Udl.

Example 1: Using Direct Assignment
# Creating a dictionary
student_info = {

'name’: 'Rohit’,

‘age" 21,

‘course’: "Computer Science'

¥

# Updating a value using direct assignment
student_info['age'] = 22
student_info['course’] = 'Data Science'
print(Updated dictionary: {student_info}")
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ST3cYc(Output):
Updated dictionary: {'name". 'Rohit’, 'age": 22, 'course'": 'Data Science'}

2.4.5 9fP fEaRMY SITURRA (Basic Dictionary Operations)

SRR TR &% { } fdhaT dict( ) aTa=.
%Wﬁﬂ@ﬂ HN: E] fdar get() dTU=-.

doY 3EATAd PR [ ] AT0=HA,

I PI-doY SISl SISUl: [ ] aTuRe.

PI-dGY SITed] HIGUI: del fdhdT pop() AToREH.
Td Piot fHedul: keys( ) AYS TTOREH.

T4 dGgo BT values( ) HYS AT

T4 ®1-d6g Siiedl fHeaur: items( ) AYS aToE.

2.4.6 ﬁﬁﬁww (Built-in Function in Dictionary)

UayE A fdud ([Wde-39) e ey aroed, fsRmRivg fafdy sifaag &4
PRI § THSH UHAL. Python A dict 8T UBR (type) SRR aroReT Sirdl. fSamR
TEUIS 1 (key) 30T B GG (value) TAT SISIT RN,

3{TAT 3MTYU HTE! A=A fowe -39 e UTgdT:

dict() - Tai fERMR TIR HRUIMETS.

o len() - SRR B - o Sy T AMYTITS,
. keys()-ﬂéaﬁﬁm.

o values() - 99 U fesauamal,

o items() - Yd Pl - Fog SilSyl HBAUATITS!.

o get(key) - feooa & 9t Koy MEauara.

e update() - U [SRFRI g1 fERMRIA 3UST HIUAMTA!,
e pop(key) - fGO@! Bt T AT TG BIg CIHUIMNTA!.

o clear() - Id P! - ey SIISUT BT BTG,

copy() - FSRMRI Ud TR Hrugre!.

IETEXUNNE JHGH US4l

# Create a new dictionary

example_dict = dict()

# Add some key-value pairs to the dictionary
example_dict['one’] =1

example_dict['two] = 2

example_dict['three] =3

print("Dictionary:", example_dict)

# Get the number of key-value pairs in the dictionary
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print("Length:", len(example_dict))

# Get all the keys

print("All keys:", example_dict.keys())

# Get all the values

print("All values:", example_dict.values())

# Get all key-value pairs

print("All items:", example_dict.items())

# Get the value for a specific key

print("Value for key 'two":", example_dict.get(‘two")

# Update the dictionary with another dictionary
example_dict.update({'four": 4, 'five": 5})

print("Updated dictionary:", example_dict)

# Remove a key-value pair

example_dict.pop(‘three’)

print("Dictionary after removing 'three":", example_dict)

# Remove all key-value pairs

example_dict.clear()

print("Empty dictionary:", example_dict)

# Create a new dictionary and make a copy of it

example_dict = {'one": 1, two": 2, 'three": 3}

example_dict_copy = example_dict.copy()

print("Copied dictionary:", example_dict_copy)

2599 3Tp ﬁ?ﬁ'sﬁ UTIY BRI (Use of Python Built-In Functions)
URYH 9 3Hd $A-Id0c (oUd) BRI 3ed St DIl HRAMl YU I9gad 3dld.
WIS Dle! Hewardl 31-dae harrad! ardl 30T i WSieul fao 3iTe:
len( ): ®Tat frcsauL.

type( ): UHR fHesqur,

max( ) 30T min(): TaTf® 0T atd w4 A&d fHresaul.
sum( ): Sre.

sorted( ): e H0.

abs( ): A fiezau,

round(): S BRI,

range(): Uft TIR B,

enumerate(): 3{IshHdh 0T Tedh SIS,

zip(): ST TIR HI0I,

map(): AR ST HRUI,

filter(): U fhaex BRI

VV VYV VYV V VY VY VYV YVYYVY
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Y= Al Sl Hragod ST I tharmaard! fafay g9-fage harrg Suos
3{Ted. WSS IaIeR0l AT bhaR-ad] TFIHRU Gld.
2.5.1 ST H~goi- BT (Data Conversion Functions)
1. int( ) : fGord! T fdhar et quifertd (integer) EaTdRT HRUGNITS! ATORS I
# Converting string to integer
number_str ="123"
number_int = int(number_str)
print(‘Integer: {number int}, Type: {type(number int)}")
# Output: Integer: 123, Type: <class 'int'>
2. float(): fAaT ST TR UIEE (decimal) A TR HRUARITST ATORS ST
# Converting string to float
number_str = "123.45"
number_float = float(number_str)
print(Float: {number_float}, Type: {type(number_float)}")
# Output: Float: 123.45, Type: <class 'float'>
3. list() - fao®1 Sa foemed (list) 7 Ui HRUGRIS] TR S,
# Converting string to list
text = "hello"
text_list = list(text)
print(‘List: {text_list}, Type: {type(text_list)})
# Output: List: ['h', 'e', 'I', 'I', '0'], Type: <class 'list'>
2.5.2 HY HaR= (Math Functions)
1. abs() -TG¥Id HM (absolute value) FesauaTITa aTURT ST,

# Getting the absolute value
negative_number = -10
absolute_value = abs(negative_number)
print( ‘Absolute Value: {absolute_value}")
# Output: Absolute Value: 10
2. round() - 3QUIEH GLST A& 31 HRUIMNTS! T AUTS o1 TR H6T SIal.
# Rounding off the number
number = 4.678
rounded_number = round(number, 2)
print( ‘Rounded Number: {rounded_number}")
# Output: Rounded Number: 4.68
3. max( ) 3T min( ) -G HHS (max()) 0T AN (min()) &I NYTIMTST T
BYEST IR BT ST,
# Creating a list of numbers
numbers =[3, 5, 7, 2, 8]
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# Using max() to find the maximum value
maximum = max(numbers)
print('Maximum: {maximum}")
# Output: Maximum: 8
# Using min() to find the minimum value
minimum = min(numbers)
print( 'Minimum: {minimum}’)
# Output: Minimum: 2
4. sum() - T SRS HRUGMTST dTaRe Sildl.
# Creating a list of numbers
numbers =[3, 5, 7, 2, 8]
# Using sum() to get the sum of numbers
total = sum(numbers)
print('Total: {total}")
# Output: Total: 25
5. pow()- TR °Tdi (power) 2NYTITHIST ATARSG ST,
# Using pow( ) to calculate power
base =2
exponent = 3
power = pow(base, exponent)
print('"Power: {power}’)
# Output: Power: 8
2.6 G3IR fEWTE- WaRM (User Defined Function)
U, JoR-[SWIs< heRM U Uh 3 U s3id 3{d SaTel gor fewhreH
HOG 3. AT HIS el aIuRUl HTIOT TR HfIw P& Squl 2 gId. TY—HE
haR fSHIST HRUANS! def HIdS ATIRGT ST, WIS IGHHIU Tdh TR fSHIEH o> Sl
2.6.1 ORI HEd (Importance of function):
o HIS TIAUR: Thal HRM (O d 3 des] aToRal Ud.
o fAUTS NPT TMU: TS WU T8, HIRIUT HRUGANT heaR-aHS faUNTdr
Y.
o  JUYAT MO AT HaRIAH SIS 3fie Uy 3o gramgeT T g,
o SIERRT Sfor ATl R adAuu SiaT S1for el Hdr Adrd.
2.6.2 g} %TFI%:I R o ﬂ?ﬁﬁ YcP (Important element of User define
function):
1. UhaRId! RSAT (Function Definition) - def ®1ds aTge.
2. ThaRH BIfeRT(Function Calling )- TaRT- ATd SATOT TRTHICH aToRe.
3. URMHCY 3for &m@w (Parameters and Arguments) - ThaRI-all WY g &HRdl
1T MO Bt HRAFT SR T AT,
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4. e Wede (Return Statement) - HRFST J3T TRd HRUANITS! ATURS.
e GaRMH HSYd AT (Syntax of function):

def function_name(parameters):

# R dlS!

# IS 30 Ul

return result # TROTHT HOY (optional)
SGTExr:

1. TT¢ BaRM (Simple Function): § HaRM aF GAdT SRSl Hdl.
def add(a, b):

returna+b
# R IS
result = add(3, 5)
print(result)
# Output: 8
Another Example-
# Defining a function
def greet():
print("Hello, welcome to Python!")
# Function calling

greet()
# Output: Hello, welcome to Python!

2. %’fﬁ?}? ﬁ'TITﬂE'ﬁH—s' BaRH (Function with Default parameter): %’ HaRM e
T kST dhRd AT gO=aT T fShige ®ag 0 3dd.
def add(a, b=0):

returna +b
# R HIoY
resultl = add(3)
result2 = add(3, 5)
print(resultl) # Output: 3
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print(result2) # Output: 8

3. Pigs AMYHeHE BRI (Function with arguments): § HaRH Hide MGHCYH aTIEH
DG HO S,

def add(a, b):

returna +b
#PIde AFGHCHTE B DI
result = add(a=3, b=5)
print(result) # Output: 8
4. 3F® WIHIEHTE BaRI (*args, **kwargs): *args WU 3HRRad T smHcy
SATIOT **kwargs U] Blae ATGHCH.
def add(*args):

""" return sum(args)
# R DIoY
resultl = add(1, 2, 3)
result2 = add(4, 5, 6, 7)
print(resultl) # Output: 6
print(result2) # Output: 22
5. f¥ed ®ede (Return Statement) - R WeHe aUF HherM &Y T URd Hd.
# Defining a function with return statement
def multiply_numbers(a, b):
returna*b
# Function calling and storing the result
product = multiply_numbers(4, 3)
print("Product: {product}")
# Output: Product: 12
2.6.3 WPIY TP [ITS $ UTIYA (Scope of Variables in Python)
Uy 7, [RUTEEH! WY TS ATt aydT AT oz e &3, are T aF
DR 3Tgd:
e Local Scope (@W Ebﬁtl)
e Global Scope (wﬁw Ebﬁﬂ)

1. Local Scope @ﬁw Fﬁ'q)
PO WY BN GREAA A TR HO
YRR 3T, § BRITHY R JUSGITaR

RNUTOY Thad 1 bRl 3Hdd

N

o
T8 gidId.
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def local_scope_example():
local_var ="l am local"
print(local_var)
local_scope_example ()
# Output: 1 am local
# Trying to access local_var outside the function will cause an error
# print(local_var) # This will cause a NameError

2. Global Scope (T@IT® IDIY) -TOIGG WhIT TUN R dgR dIR Hoo GRIGHY of
ot T Yaag . § RRUaed f$hy Yuaamdd Sfddrd J8drd.

global_var ="l am global"
def global_scope_example():
print(global_var)
global_scope_example()
# Output: 1 am global
# Accessing global_var outside the function is allowed
print(global_var)
# Output: 1 am global

AISIEIRT g0 @|NETS 39158 B-a_H (Modifying Global Variable inside
Function)

BRI 3T B0 RRUITS GOUINRITS! global PTG ATIRST STl

counter=0

def increase_counter():
global counter
counter +=1

increase_counter ()

print(counter)

# Output: 1

Qﬁ?ﬁmﬁﬁﬂ(&closmg Scope)
HhRMEAT 3d TIR 0b®¢’> 06Nk®1¢‘>'{'l 7R thaRT< STAYUTHA Ela_ﬂth'rq AT, gTAT "II"I—

BIH® WhIY +Uldld.
def outer_function():
outer_var ="l am outer"
def inner_function():
nonlocal outer_var
outer_var = "I have been changed"
print(outer_var)
inner_function ()
print(outer_var)
outer_function()
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# Output:

| have been changed

| have been changed

NCRLCIE

Codecademy: https://www.codecademy.com/learn/learn-python
Coursera: https://www.coursera.org/

edX: https://www.edx.org/

Python.org: https://www.python.org/about/gettingstarted/

W3Schools: https://www.w3schools.com/python

ok~ wn e
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gfe-3
Ui Aisged ST dobel
(Python, Modules and Packages)

fawg A=t (Course Outcome):

feeiedT Tued fARTHR U SRUARIST UIUHE Hiegd Udrold ] .
geo s (Theory Learning Outcome):

1. Tadier auTdt Uy Hiegd daR .

2. feden aRaTdl urgy Yool faahRid &,

3. 3R TOrCT fobar HRUGTAT Numpy aTaxT.

3.1 Wﬂvﬁﬂ"l'tcﬁjﬁ (Python Modules)
3.1.1 UTGYT9 HISYed d9R HRUI (Writing Python Modules)
Hiegd TS HIY? DIS AISRINRE Hledd dIuRd S,
HTed TUS qreTal qHea SIS AL JHIAY HRUIMAT HaRdl Id 3l Higd.
HISY TR PRUIRTS! Brsd TRCTM py H8 BIsaHe JreTdl g1 STl BIS SId H:
GTell GRITeIe Uy fBhy 3Te.
ST SayHello() ThaRTe SIRSAT 3MTR. § hello.py U I8 Hdl 38,
(Example) hello.py
def SayHello(name):
print("Hello {}! How are you?".format(name))
return
3.1.2 n"mqatr 3TATd B0 (importing modules)
O SIe ST HRUNTST import H1ds aToRT
>>> import hello

>>> hello.SayHello("purva")

Output : Hello purva! How are you?

3.1.3 n‘fsq\awq:r 3fesiae E'Flﬁ’(f 0| (importing objects from modules)
AT SIeTHY Had HIT SIC HRUGNITS! from HI1ds aTuR]

Example The module named mymodule has one function and one dictionary:
def greeting(name):

print("Hello, " + name)

personl = { "name": "John", "age": 36, "country": "Norway" }

Import only the personl dictionary from the module:

from mymodule import personl

print (personl["age"])

Output: 36
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3.14 HV'I@\FI?IT g%TT-I'I'q'aﬁ(Re-naming a Module) :-

SIS 30T HIS 3iieoide SHIC Hdl dg] HIae as ATIREH YU GIH TR B b
(You can create an alias when you import a module, by using the as keyword).

import mymodule as mx

a=mx.personl[“age"] print(a)

Output: 36

3.1.5 Uy Aefid faee 39 dieged, ((guiea 11 Hdufedd Hisyd, BaRId,
uﬁ";lT&I'iTﬂ\'l'tﬂ\Fr (Python built in modules, Numeric and Mathematical module, Functional
Programming Module): -

T A YA Aieged - T 3 fuee 3 Aleded 3MTed, of gl gweldl 8d
A& import HIFS ATUETH ST H= hdl. T AT Hieded AL IUds SRIIed] HYSH
SIC ST =T UM Wlelldl fdaedn Seeumi e FHg HedTyHTul aiuks dhdl.

JRHA 301 HHfCHd (3B Sfor o) STURRM HRUdT Ardl gy Weiid fodee
1 Hiegd Ue ol

1. SR\ Aieg@ (Decimal module) Python TTeAT TRYHTA " SRIAT " Aledd dTieH Sldg
SRTd ulge JHTiUa HRuATS! ARy UGt UaM &rd. SR Hiegd(Decimal module)
AL In()3TTOT 1og10() method

In() :- § HaRH SRIAd TBi=am A9 (natural) @ARTRYH 2} TUMT HRUMTST ATORT ST,
log10() :- T ThaR SRIAd ST AT 10) o TUMT HRUGMTS! AT ST,

In 37107 log10() =0T HTATT UGRH HRUARITS! U B8 IaTe0l

Example

# importing "decimal™ module to use decimal functions

import decimal
# using In() to compute the natural log of decimal number

a = decimal.Decimal(4.5).In()
# using sqgrt() to compute the log10 of decimal number

b = decimal.Decimal(4.5).1og10()

# printing the natural logarithm

print ("The natural logarithm of decimal number is : ",end=""")

print (a)

# printing the log10

print ("The log(base 10) of decimal number is : ",end="")

print (b)
Output :- The natural logarithm of decimal number is : 1.504077396776274073373258352
The log(base 10) of decimal number is : 0.6532125137753436793763169118

2. YU AISYA (Fractions Module) T HAlegd URTT AT 3/ TOMRITST THUH Ug™
HR. § QUND, TAICH, ST, SRR 10T WpiTHYH 3qUlich IaIgRul duR HRUAR ST
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ICTERU TR ol ST, ehald.
Jqlex Ul (Example) :-
from fractions
import Fraction
print (Fraction(11, 35)) # returns Fraction(11, 35)
print (Fraction(10, 18)) # returns Fraction(5, 9)
print (Fraction()) # returns Fraction(0, 1)
Output :- 11/5/9 0
3. 7O AISYA (Python - Math Module) :- URIYHE T foec 34 AlSYd 3MTg o iol
TTOTATH STHIATS! dTORE b, T Alegaqed UG SMfor
JaleXUl (Examples)
>>> import math
>>>math.pi 3.141592653589793
>>>math.log(10) 2.302585092994046
>>>math.sin(0.5235987755982988) 0.49999999999999994
>>>math.c0s(0.5235987755982988) 0.8660254037844387
>>>math.tan(0.5235987755982988) 0.5773502691896257
>>>math.radians(30) 0.5235987755982988
>>>math.degrees(math.pi/6) 29.999999999999996
JGler Ul 1(Examples)
#Import math library
import math
#Round a number upward to its nearest integer
print(math.ceil(1.4))
print(math.ceil(5.3))
print(math.ceil(-5.3))
print(math.ceil(22.1))
print(math.ceil(10.1))
Output: 26-52311
JqleX Ul 2 (Examples)
# Import math Library
import math
# Return the tangent of different numbers
print (math.tan(90))
print (math.tan(-90))
print (math.tan(45))
print (math.tan(60))
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Output: -1.995200412208242 1.995200412208242 1.6197751905438615 .320040389379563

4, Qg™ ﬂv'ltcﬂ\?r (Python's Itertools module)

g Ud Hisgd 38 o ofed TRRIGT duR HRUGNIS! IFRIGHaR B dOR afdy s
UG Hxd. § HISId U ofdg, HHRI- SR e UM ST Hd of Thar ad: gR fdar
ARTGRIT sitol IO R HRUGTRITST TehAd YUl qToR SiTd.

. R?@Wﬂﬁﬂﬁﬁm (Itertools module methods)

count(start, step): Method Count (WIRY, TROT):

8 TRIguddl "URY" HHSTIRE U &= Hal 30T siafayam fifc dal. SR steps
IRE Pl 3Ad, TR G TS TR d 30T step 1 91 Shlee TR,

from itertools import count

for number in count(start=1, step=2):

if number > 10:

break

print(number) # print statement

Output:13579

o JRTGRN BTl AU (cycle method) :

8 GRIGedl U HAedl SeRAYT HHM Td I Giad HRdl. ST ¥4 gcdh ao g
Ggd Gfad bl STdrd degl o YRATaurg= =gl G0l Y= .

# Python program to demonstrate # infinite iterators

import itertools

count=0

# for in loop

for i in itertools.cycle('AB’):

if count > 7:

break

else:

print(i, end="")

count +=1

Output:-ABABABAB

5. GIWHVW(operator module)
Hiegd HqexAd fdifd sM® g, v, Siearssl STd! STRR-aTe! arayAaed
gayiRd B g,

. sa"mhn‘@ﬁm (Mthods of Operator module):-

add(a, b):- 8 har feoiedr srdHcy ot Ufew™ .

IO - a+ b,

sub(a, b):- § HaRH faear srgrcy At Wi (difference) Graad.

SRR —a— b,

Maharashtra State Board of Technical Education 42



ST WaRR T UrgYH-313306 Data Structure Using Python - 313306

mul(a, b):- & HaRH feded smfHcd o Uigde (product) .
3T —a * b.

truediv(a,b):- § oM fedienr ey 2 faureH iy 2.

3R - a/ b.

floordiv(a) : - ¢ harH fedn rgficy o faureH ddld ¢d. 9o g Wile g, 318
TgUIoId atd A3 deM Yulies fHesa.

TR - a // b

pow(a,b) ):- & HhaRH fidean e urdis fiead.

STORT — a ** b.

mod(a,b) § HaRM faaiedn jHcy d Aregay URd $d.

SHTIRRE -a % b

# add, sub, mul WE&?@WWWW:

import operator

# Initializing variables

a=4

b=3
# using add() to add two numbers

print (""The addition of numbers is :",end="");

print (operator.add(a, b))

# using sub() to subtract two numbers

print ("The difference of numbers is :",end="");
print (operator.sub(a, b))
# using mul() to multiply two numbers

print ("The product of numbers is :",end="");

print (operator.mul(a, b))

Output:- The addition of numbers is:7

The difference of numbers is :1

The product of numbers is:12

# truediv, floordiv, pow, mod ThaRH SRIuaTTeS ! Y= U
import operator

# Initializing variables

a=5b=2

# using truediv() to divide two numbers

print ("The true division of numbers is : ",end="");
print (operator.truediv(a,b))

# using floordiv() to divide two numbers

print ("The floor division of numbers is : ",end="");
print (operator.floordiv(a,b))

Maharashtra State Board of Technical Education 43



ST WaRR T UrgYH-313306 Data Structure Using Python - 313306

# using pow() to exponentiate two numbers

print (""The exponentiation of numbers is : ",end="");
print (operator.pow(a,b))

# using mod() to take modulus of two numbers

print (""The modulus of numbers is : ",end="");

print (operator.mod(a,b))

Output :- The true division of numbers is: 2.

The floor division of numbers is: 2

The exponentiation of numbers is: 25

The modulus of numbers is: 1

6. ¥&H Iﬁ@'ﬁj?l (Random Module) :- Python Random H‘th',ﬂjr & Python s orces| W daR
HRUGTS! YT HISIS 318, IT IeAT X8 IdTd 30T Hiorre! g fhar JEAr uraH
HR ATeId. WU 3Mig! AT Alegerd aTuR Y& U= dIR dxuame!, fore fdhar whmamst
3SH 3fTgeH efRid HRUarITs! S Ydhdl.

J hmﬁm ( Random Module methods) :-

a. random()Ba@RM : random.random() WaRIH 0.0 d 1.0 YdaaT Udlc HHG &d. T

BT BIUTda! IRMHICY SHTIRID AToId. 81 Usd [o.0 3Tl ] Hefid gav I8H WIcT-uise
el d.

# Python program for generating random float number

import random

num=random.random() print(num)

output : 0.3232640977876686

b. randint)WaRM : random.randint() aRH JRacied] TATAT JUNGT U I8H YUl
TR .

# Python program for generating a random integer

import random

num = random.randint(1, 500)

print( num)

output: 215

c. randrange() HaRM : random.randrange()

BRI WIS, WY 3O step WX gR IRYUING Faiedr feaedr Iomeya 389 3maeH
Fagd. SIhlecddR, URY 0 0 I bl STdl. ATAYHT, step SIhlecdIR 1 0 I dhall
EIGH

# To generate value between a specific range
import random

num = random.randrange(1, 10)

print( num )

num = random.randrange(1, 10, 2)
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print( num)

output: 49

d. choice() B - random.choice() TR |§||é§ P HIJT randomly fAasad gc IRd
Dl

# To select a random element

import random

random_s = random.choice('Random Module")

#a string

print( random_s)

random_I| = random.choice([23, 54, 765, 23, 45, 45]) #a list

print( random_1I)

random_s = random.choice((12, 64, 23, 54, 34)) #a set

print( random_s)

Output: M 765 54

o THORMEA THUTRAT ﬁ'l%ij?[ (Functional programming modules) :-

1. ST TRBIRM - ST WaRT (lambda function):- 8 T A8 HHTd] HhaR 38 sl
R fohdie] 3FgHCH U3 Tehdl, T Paes Teh TaURM 3Ry Tehd. gl TR g
Syntax : lambda arguments : expression

Example 1 :

x = lambda a : a + 10 print(x(5)) # Add 10 to argument a, and return the result:

Output : 15

Example 2 :

X = lambda a, b : a * b print(x(5, 6)) # Multiply argument a with argument b and return the
result:

Output : 30

Example 3 :

a=lambdax,y,z: (x+y+2)

print(a(4, 5, 5))

Output : 14

2. map() PaRM :- § HRMA fore Add T4 Yehiadl SEi-ad &d od. 31 UdsH
AT} fddedl HhaRMgR Udh 41 foRe TR &l ST,

Example 1 :

def myfunc(n):

return len(n)

x = map(myfunc, (‘apple’, '‘banana’, ‘cherry"))

output:556

Example 2 :

def addition(n):
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return n + n # We double all numbers using map()

numbers = (1, 2, 3, 4)

result = map(addition, numbers)

print(list(result))

Output : [2, 4, 6, 8]

3. filter() AR : filter() HaRM Udh ARIGT DHRUMRT URd Bl S SCH WIHRA 318 Pl
16 3 JUTIUATTS! haRgR 3TdeH fheer Hdl SITdTd. filter() BaR-=AT HadH feaar wH

flheex dHRd o SHATIA YD gcdh I 3118 DI ATg! Tl ¢ .

Syntax filter(function, iterable)

Example 1 :

ages =[5, 12, 17, 18, 24, 32]

def myFunc(x):

if x <18:

return False

else:

return True

adults = filter(myFunc, ages)

for x in adults: print(x)

Output : 18 24 36

Example 2 : # function that filters vowels :
def fun(variable):

letters = ['a', 'e', "', '0', 'U']

if (variable in letters):

return True

else: return False

sequence = ['g', 'e', e, ', 'k, 's', 'p', 'r]

# using filter function

filtered = filter(fun, sequence)

print('The filtered letters are:")

for s in filtered: print(s)

output:-ee

4. reduce() function :- Python T, reduce() B faee 3 HhaRM 3ilg o T-RIGI UG
eh I fadd Ha-M A ®d, Il UeT Gearudd HHT HRd.
The syntax for reduce() is as follows:
functools.reduce(function, iterable[, initializer])
Example :-

from functools import reduce

def add(a, b):

returna +b

# Our lterable
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num_list=01,2,3,4,5,6,7,8,9, 10]

# add function is passed as the first argument, and num_list is passed as the second argument
sum = reduce(add, num_list)

print("Sum of the integers of num_list : {sum}")

output : Sum of the integers of num_list : 55

3.2 UTgY UYdbolg (Python packages) : -

U B3T3 fevaesd it Aiegeadrd! Uboy 3ied. fevacs! 0e ¥e- fevaeds
STIOT TPIEE 3R X dTd. Iy UdboTHed 3U-Udvol 3107 WISl 31 TahdTd.

UYEe U BUH foaRId 9uarret FERidbd  init_py TaTd HIsd &0 awadh
3R, B B30 & 31 Whd URq el TG I BIEaHe dT Uborro! SHRageRH
P18 Sadl.

3.2.1 qﬂﬁﬁﬁ%ﬁﬂﬁ%ﬁ (Writing Python packages)

ORI Udbord g UaTTa! Wi T 3G -

1. UYH, 3] U fE¥ae] TR SRl S0 O ) AT SHTIRRART et Yopord A1d
&,

2. T 3T Td &l 3107 SHTa=T P R Sddl.
3.RIqct feXaesl U Udhdl 318 & UTY-dl o duarTe] g fSedex 7L init__py BTsd
TR B,

Example :
Package
game
Sub-package Sub-package Sub-package
__init__.py
Sound Image Level
__init__.py __init__.py __init__.py
load.py open.py start.py
play.py change.py load.py
pause.py close.py over.py

Figure. 3.2 Python Package Example

1. Uy BhleeR TTH(game) TR B,
2. AT 3T JgT Bicex A3 (sound) TIR B,
3. II3E Wicexa T load.py BIEd IR .
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3{Td T3S WIeex pause.py BIId dR B,
3Td A3 S BiceX play.py BIsd IR I,

U TH(game) 3101 Ul TSS SHIE BRI (Bl : TS, T, )

Files Sj Q game/sound/pause.py 8
1 def pause():
& main.py 2 [ pr‘intﬂ"pause game"ﬁ
~ [ game
~ [ sound
~ __pycache_ _
i} __init__.c...
s a.cpython...
& __init__.py I
& load.py
& pause.py :

Figure 3.2.1: Step 1

Files Lh S=1: game/sound/pause.py =
i def pause(): )
@ main.py 2 | printl("pause game"))
VD game
~[J sound
"’[j __pycache_ _
B __init__.c...

n} a.cpython...
& __init__.py ]

& load.py

% pausepy H

Figure 3.2.2: Step 2
|

es N - game/sound/play.py 8
1 def play():
main.py 2 print("playing”)
game
] sound
__init__.p
load.py

Figure 3.2.3: Step 3
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Files [ £ main.py =

1 import game.sound.load
& main.py 2 game . sound.load.load()
3 print{™\n\n")

~] game 4 import game.sound.play

5 game.sound.play.play()
=T H
~ [ __pycache__ ;
[l ini c ]

"
Y
o
-
c
“w
»
z
>

Figure 3.2.4: Step 4
Output :
loading data

playing
3.3 Numpy Yo qTuRol Using Standard Numpy packages
NumPy &t Ud Uy ATasis] TR Sit array Tiad BTH HRUGTATAT AU SiTd.
NumPy TUTS! Numerical Python TSTH® TTY.
NumPth‘[aTlRﬁ?
1. Python A& TGS array a1 I&T U1 HRUMAT AT 3MTed, URg T UiehdT Hul
il 3TE.
2. NumPy E| 3%"\’[ & 3R 3fieslae (array object) IR &I 3R, o Python foree Ui 50x
IdG 3T
3. Bl HHS dTU= NumPy install HJ:
C:\Users\Your Name>pip install numpy

3.3.1 AHUTI=AT ﬁ%@ (Methods in numpy)
Table 3.1 Methods in numpy

all() any() take() put()
apply_along_axis() apply_over_axes() argmin() argmax()
nanargmin() nanargmax() amax() amin()
insert() delete() append() around()
flip() fliplr() flipud() triu()
tril() tri() empty() empty_like()
zeros() zeros_like() ones() ones_like()
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https://www.geeksforgeeks.org/numpy-all-in-python/
https://www.geeksforgeeks.org/numpy-any-in-python/
https://www.geeksforgeeks.org/numpy-take-python/
https://www.geeksforgeeks.org/numpy-put-python/
https://www.geeksforgeeks.org/numpy-apply_along_axis-python/
https://www.geeksforgeeks.org/numpy-apply_over_axes-python/
https://www.geeksforgeeks.org/numpy-argmin-python/
https://www.geeksforgeeks.org/numpy-argmax-python/
https://www.geeksforgeeks.org/numpy-nanargmin-python/
https://www.geeksforgeeks.org/numpy-nanargmax-python/
https://www.geeksforgeeks.org/numpy-amax-python/
https://www.geeksforgeeks.org/numpy-amin-python/
https://www.geeksforgeeks.org/numpy-insert-python/
https://www.geeksforgeeks.org/numpy-delete-python/
https://www.geeksforgeeks.org/numpy-append-python/
https://www.geeksforgeeks.org/numpy-around-python/
https://www.geeksforgeeks.org/numpy-flip-python/
https://www.geeksforgeeks.org/numpy-fliplr-python/
https://www.geeksforgeeks.org/numpy-flipud-python/
https://www.geeksforgeeks.org/numpy-triu-python/
https://www.geeksforgeeks.org/numpy-tril-python/
https://www.geeksforgeeks.org/numpy-tri-python/
https://www.geeksforgeeks.org/numpy-empty-python/
https://www.geeksforgeeks.org/numpy-empty_like-python/
https://www.geeksforgeeks.org/numpy-zeros-python/
https://www.geeksforgeeks.org/numpy-zeros_like-python/
https://www.geeksforgeeks.org/numpy-ones-python/
https://www.geeksforgeeks.org/numpy-ones_like-python/
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full_like() diag_indices() asmatrix() bmat()

diagflat() diag() eye() roll()
identity() arange() place() extract()
compress() rot90() tile() reshape()
ravel() isinf() isrealobj() isscalar()
dot() vdot() trunc() divide()

floor_divide()

true_divide()

random.rand()

random.randn()

ndarray.flat() expm1() bincount() rint()
equal() not_equal() less() less_equal()
greater() greater_equal() cbrt() logical_or()
prod() logical_not() logical_and() array_equal()
square() logical_xor() array_equiv() sin()
cosh() sinh() tan() cos()
tanh() arcsin() arccos() arctan()
arctan2()

3.3.2 3R TUR YU 30T HaR= initialize PO (Creating arrays and initializing
functions)

Numpy ATE 3R 3H® UHR TR & SIS b, fafay wHieRTg, ST THR IRHTY
HRdd. fafdy ST UbR o Dt foRke, YU 3. a0 3R ¢Eld dIR &l SIS, dhvdld.
GRomHt SIET UhR S HI g =l UbRIaE dHlge S,

AU 3R TIR HIIMT 3T YbR WYY URYUINT el S, bl

# Python program for Creation of Arrays
import numpy as np
# Creating a rank 1 Array
arr = np.array([1, 2, 3])
print("Array with Rank 1: \n",arr)
# Creating a rank 2 Array
arr = np.array([[1, 2, 3],
[4, 5, 6]])
print("Array with Rank 2: \n", arr)
# Creating an array from tuple
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https://www.geeksforgeeks.org/numpy-full_like-python/
https://www.geeksforgeeks.org/numpy-diag_indices-python/
https://www.geeksforgeeks.org/numpy-asmatrix-python/
https://www.geeksforgeeks.org/numpy-bmat-python/
https://www.geeksforgeeks.org/numpy-diagflat-python/
https://www.geeksforgeeks.org/numpy-diag-python/
https://www.geeksforgeeks.org/numpy-eye-python/
https://www.geeksforgeeks.org/numpy-roll-python/
https://www.geeksforgeeks.org/numpy-identity-python/
https://www.geeksforgeeks.org/numpy-arange-python/
https://www.geeksforgeeks.org/numpy-place-python/
https://www.geeksforgeeks.org/numpy-extract-python/
https://www.geeksforgeeks.org/numpy-compress-python/
https://www.geeksforgeeks.org/numpy-rot90-python/
https://www.geeksforgeeks.org/numpy-tile-python/
https://www.geeksforgeeks.org/numpy-reshape-python/
https://www.geeksforgeeks.org/numpy-ravel-python/
https://www.geeksforgeeks.org/numpy-isinf-python/
https://www.geeksforgeeks.org/numpy-isrealobj-python/
https://www.geeksforgeeks.org/numpy-isscalar-python/
https://www.geeksforgeeks.org/numpy-dot-python/
https://www.geeksforgeeks.org/numpy-vdot-python/
https://www.geeksforgeeks.org/numpy-trunc-python/
https://www.geeksforgeeks.org/numpy-divide-python/
https://www.geeksforgeeks.org/numpy-floor_divide-python/
https://www.geeksforgeeks.org/numpy-true_divide-python/
https://www.geeksforgeeks.org/numpy-random-rand-python/
https://www.geeksforgeeks.org/numpy-random-randn-python/
https://www.geeksforgeeks.org/numpy-ndarray-flat-python/
https://www.geeksforgeeks.org/numpy-expm1-python/
https://www.geeksforgeeks.org/numpy-bincount-python/
https://www.geeksforgeeks.org/numpy-rint-python/
https://www.geeksforgeeks.org/numpy-equal-python/
https://www.geeksforgeeks.org/numpy-not_equal-python/
https://www.geeksforgeeks.org/numpy-less-python/
https://www.geeksforgeeks.org/numpy-less_equal-python/
https://www.geeksforgeeks.org/numpy-greater-python/
https://www.geeksforgeeks.org/numpy-greater_equal-python/
https://www.geeksforgeeks.org/numpy-cbrt-python/
https://www.geeksforgeeks.org/numpy-logical_or-python/
https://www.geeksforgeeks.org/numpy-prod-python/
https://www.geeksforgeeks.org/numpy-logical_not-python/
https://www.geeksforgeeks.org/numpy-logical_and-python/
https://write.geeksforgeeks.org/strictmath-min-method-in-java/
https://www.geeksforgeeks.org/numpy-square-python/
https://www.geeksforgeeks.org/numpy-logical_xor-python/
https://www.geeksforgeeks.org/numpy-array_equiv-pyhton/
https://write.geeksforgeeks.org/persistent-pune-exp-interview-question/
https://www.geeksforgeeks.org/numpy-cosh-python/
https://www.geeksforgeeks.org/numpy-sinh-python/
https://www.geeksforgeeks.org/numpy-tan-python/
https://www.geeksforgeeks.org/numpy-cos-python/
https://www.geeksforgeeks.org/numpy-tanh-python/
https://www.geeksforgeeks.org/numpy-arcsin-python/
https://www.geeksforgeeks.org/numpy-arccos-python/
https://www.geeksforgeeks.org/numpy-arctan-python/
https://www.geeksforgeeks.org/numpy-arctan2-python/
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arr = np.array((1, 3, 2))
print("\nArray created using "
"passed tuple:\n", arr)
Output:
Array with Rank 1:
[123]
Array with Rank 2:
[[123]
[456]]
Array created using passed tuple:
[132]
o 3N 3@3@119} WA= B0 Accessing the array Index

numpyG\fiﬂ‘Eﬁ, 3N S o B! fhal TR HRUI 3P UHR Pl oS, b, ST
9uft gfad HRUTMTST, TR odl STd. 3R TSR TdH SRTe guft aRyivd #d 3ii8
St ges sRAdhd gcdhid! Juft fiic SRSt aruRel! Siid. HRUT, WY bl SRAY &

# Python program to demonstrate

# indexing in numpy array

import numpy as np

# Initial Array

arr = np.array([[-1, 2, 0, 4],
[4,-0.5, 6, 0],
[2.6, 0,7, 8],
[3,-7,4,20]])

print("Initial Array: ")

print(arr)

# Printing a range of Array with the use of slicing method

sliced_arr = arr[:2, ::2]

print ("Array with first 2 rows and"

" alternate columns(0 and 2):\n", sliced_arr)

# Printing elements at specific Indices

Index_arr = arr[[1, 1, 0, 3],
[3,2,1,0]]

print ("\nElements at indices (1, 3), "

"(1, 2), (0, 1), (3, 0):\n", Index_arr)

Output:

Initial Array:

[[-1. 2. 0. 4.]

[4. -05 6. 0.]

[26 0. 7. 8.]
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[3.-7. 4. 2.]]
Array with first 2 rows and alternate columns(0 and 2):

[[-1. 0]

[4. 6.]]

Elements at indices (1, 3), (1, 2), (0, 1), (3, 0):

[0.6.2.3]

o %%3:& TR (Basic Array Operations):

numpy T, 3R foRgd SHTORRIAT R GdTd oif fafRiy SRR fohar sRm SaIeHIaR @l
dId. T SHTIRRFHL Plot ayd TG TR d4d RIS IRRT TR
FHIAY 3HTed.

# Python program to demonstrate basic operations on single array
import numpy as np
# Defining Array 1
a=np.array([[1, 2],
[3, 411)

# Defining Array 2
b = np.array([[4, 3], [2, 1]])
# Adding 1 to every element
print ("Adding 1 to every element:", a + 1)
# Subtracting 2 from each element
print ("\nSubtracting 2 from each element:", b - 2)
# sum of array elements
# Performing Unary operations
print ("\nSum of all array "

"elements: ", a.sum())
# Adding two arrays
print ("\nArray sum:\n", a + b)
Output:
Adding 1 to every element:
[[23]
[45]]
Subtracting 2 from each element:
[[2 1]
[0-1]]
Sum of all array elements: 10
Array sum:
[[55]
[55]]
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o WI'IBﬁFT 3N (Slicing arrays):

TRRAAE Jdhe B0 U U fededr Mexien gu=n FcRiee ucdh Hor s
SSaIUge! WY ATYHTO T HRdl: [start:end]. STIUT JTHHIO URRT GTd IRUTRNG &
hdl: [start:end:step]. SR 3e! U 1@l ATel R d 0 AFS SIld 36! U 7 dhedry &l
ORATOTE SRET A STORT et YYSTd a5 SR 31907 TRUT UR &l Algl a) &g 1
T ST,

Example 1:

Slice elements from index 1 to index 5 from the following array:
import numpy as np

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

print(arr[1:5])

Output :[2,3,4,5]

Example 2

Slice elements from index 4 to the end of the array:
import numpy as np

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

print(arr[4:])

Output :[5,6,7]

Example 3

Slice elements from the beginning to index 4 (not included):
import numpy as np

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

print(arr[:4])

Output :[1,2,3,4]

o J0 AR (Negative Slicing):

g MG TgH GUarTa! Iol SHoRex a1
Example

Slice from the index 3 from the end to index 1 from the end:
import numpy as np

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

print(arr[-3:-1])

Output : [5,6]

STEP Value:

Use the step value to determine the step of the slicing:
Example

Return every other element from index 1 to index 5:
import numpy as np

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

print(arr[1:5:2])
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Output :[2,4]

Return every other element from the entire array:

import numpy as np

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

print(arr[::2])

Output :[1,3,5,7]

e Slicing 2-D Arrays

Example

From the second element, slice elements from index 1 to index 4 (not included):
import numpy as np

arr = np.array([[1, 2, 3, 4, 5], [6, 7, 8, 9, 10]])

print(arr[1, 1:4])

Output: [7,8,,9]

o 3AT ATPR TG (Reshaping arrays)

Sef T GRATT Sitg fdhar g Wrebel fohal Uedies URHATUITT Ureepil | sere] Xebl.
1-D to 2-D 3THR SGavl (Reshape from 1-D to 2-D)

Example

Convert the following 1-D array with 12 elements into a 2-D array.
The outermost dimension will have 4 arrays, each with 3 elements:
import numpy as np

arr =np.array([1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12])

newarr = arr.reshape(4, 3)

print(newarr)

Output:

[[123]

[45 6]

[789]

[1011 12]]

1-D to 3-D 3THR SGavl (Reshape from 1-D to 3-D)

Example

Convert the following 1-D array with 12 elements into a 3-D array.
The outermost dimension will have 2 arrays that contains 3 arrays, each with 2 elements:
import numpy as np

arr =np.array([1, 2, 3,4,5,6,7,8,9, 10, 11, 12])

newarr = arr.reshape(2, 3, 2)

print(newarr)

Output

[[[1 2]
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[34]

[5 6]]

[[7 8]

[9 10]

[11 12]]]

o Gﬁmw (Combining arrays)

T3 B0 IEUIS Ut 3RAE G fobar 3ifties 3R Tshfd R0l SQLAE MY key =T SMUR
9 Siigdl, ¥ NumPy A 3e! TlRTOAI(axis) SMUR 3R Siedl. el TR I8
concatenate () BaRMAL TTHA 813 Sw9d SRAT TH HH UMY Hdl. e WFU0 U Hal
G, dl 0 U dddl il

Example

Join two arrays

import numpy as np

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

arr2 = np.array([4, 5, 6])

arr = np.concatenate((arrl, arr2))
print(arr)

Output

[L23456]

Example

Join two 2-D arrays along rows (axis=1):
import numpy as np

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

arr2 = np.array([[5, 6], [7, 8]])

arr = np.concatenate((arrl, arr2), axis=1)
print(arr)

Output

[[1256]

[3478]]

o WH HaRT gIUFH 3R ST (Joining Arrays Using Stack Functions):

I & concatenation TRWT 3ATE, TR TdeTd 38 I W pTT Ad1- &R el Sid. g
G 1-31 3R gUAT TR St Udhdl SAHes AT Th IR 3adT A5d, TU. T
stack() BYSHE TR g Sl 3fadd Saied] 3RAT HH 3HTg! UNY HRdl. SR & Yol
U el F9d aR ol 0 U dadl S,

Example

import numpy as np

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

arr2 = np.array([4, 5, 6])
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arr = np.stack((arrl, arr2), axis=1)
print(arr)
Output:
[[1 4]
[2 5]
[3 6]]
e DataType RTINS T SRR (Math Operations on DataType array)
Numpy 3RAH, 3RaR arud T fhal gehuR dedl SMad. & IR 3HTgReR
JigRArgy U1 R UM AR] dhall Sdld. $RaR TUHHATST 3Hdh Iugdd haR=
Numpy A& facll 3Ted oI &t sRisT: 3R U SISUIRIS], T: Uchiedl g dRUINTa!, S,
# Python Program to create a data type object
import numpy as np
# First Array
arrl = np.array([[4, 7], [2, 6]],
dtype = np.float64)
# Second Array
arr2 = np.array([[3, 6], [2, 8]].
dtype = np.float64)
# Addition of two Arrays
Sum = np.add(arrl, arr2)
print("Addition of Two Arrays: ")
print(Sum)
# Addition of all Array elements using predefined sum method
Sum1 = np.sum(arrl)
print("\nAddition of Array elements: ")
print(Sum1)
# Square root of Array
Sqrt = np.sqrt(arrl)
print("\nSquare root of Arrayl elements: ")
print(Sqrt)
# Transpose of Array using In-built function 'T'
Trans_arr =arrl. T
print("\nTranspose of Array: ")
print(Trans_arr)
Output: Addition of Two Arrays:
[[7.13]
[4.14]]
Addition of Array elements:
19.0
Square root of Arrayl elements:
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[[2. 2.64575131]
[1.41421356 2.44948974]]
Transpose of Array:

[[4. 2]
[7.6.]]

W“—T’x"ﬁﬂ (References) :

1. https://www.geeksforgeeks.org/what-is-the-difference-between-pythons-module-
package-and-library/

2. https://docs.python.org/3/tutorial/modules.html

https://realpython.com/python-modules-packages/

4. https://lwww.learnpython.org/en/Modules_and_Packages

w
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gfHe -4
UTIY Al Sifseige Nues i

(Object Oriented Programming in Python)

fawg o=t (Course Outcome): %@vmw@q@’r For fogme- .,

Hed o=t (Theory Learning Outcome):

1. JON AT Sfisolacy GRYIMNG HRUGETET Sffsoide 3fiucs Unfiim=ar goyd
GHSUAT ST B .

2. ifcraithod! GH@UT SR,

3. feooa ToRrdl $6ic= (ARY) dTae Uiy URITH daR .

4.1 3fTesiae Gﬁﬁ'@‘&'m%ﬁl@ (Features of object-oriented programming)
ARAT (Definition): ATeeide 3MiREEE MU (0oP) & Fafda ouredd snfor ad=
Jufdaed Sifsiacaued THid He MUTHH! Ta-1T UG TP UGd 318.
o Sffsoige 3NICS BUN issidcdds R,
o UMY g 3lieviae HINUCS URITHT (OOP) 3T8.
o T MUIETAT TH AN 37T S I fEeme Sl TR HRUgNIS! SHissiacy
3{TFOT TR TIRUGTAR Ae hiad Bl
o B IO AT Sffeoided ITUR TMHUTH fSTE HRUTMNTST aroRd S,
OOP d BTa¢ (Advantages of oops):
.« OAGE 3MR
o DI B0 Y 3T
o T UMHYTS! TP T UGH I
o B Ble M HH SEaudc d3dg IguifafSl aruRar VISR SUART TR
HRUGTS] Tl aToR el STl
oopdt A (Features of oops):
o do[H (Class)
o 3fi&lac (Object)
Qf_qv\'l'ﬁﬂﬁm (Encapsulation)
&V@I?E:?ﬁ? (Abstraction)
. 3%%12‘% (Inheritance)
J tlf%ﬂfﬁﬁﬁ (Polymorphism)
1. FB3TH (Class):
e JOT T I TUT 3G
o BUF AMGS I 3R el Hret fafny qorent anfor gt smea.

Maharashtra State Board of Technical Education 58



ST WaRR T UrgYH-313306 Data Structure Using Python - 313306

o FON g 3feoidedrd! &g fiic 3.
o T BT I = 3T
. Pythonmﬁtvsaamaéaaﬁwmw%.
FOTY TUTS TG GI8
2. W(Ob]ect)
3isolae § FOT o 3aTeRUM 3T,
o SMATHATAT IGERUTHH IR Sl fohar Hlfgd! 3.
o T E TH 3T 3R SR Ry 3n1for gk 3.
o 3T 30T AT SR BT HIUTAT a7l GUg U SHisolde.
o THIE] % AT d1CY HRUIRITST JTIRS! ST,
o TS Hlsolded Wl:d STl G S0 GG D1 S,
3. Qm (Encapsulation) :
S AT BYS U e T[S UaIe] T { o2 FgUdrd.
o A AR BYS 31U FRUTGHAS T2 Ufdeieid HRUGTS! BT S,
o THWYOR § 3aERUN [RUETHY U fTSTUT YPR (GOM) TIR HRUITA]
UGl TH AT UGS AT 3T,
o g Fass YWl Il FoRicher R ("GUOS") Sd0 SIS
F[hd, STST ARG GUaul 3 TUITd. AIfgal $UqUl 8T 3fcddl Uh UHR 3G,

4. G‘I'ﬁ‘é:ﬁ?d:l (Abstraction) :
o SIRCRMA AR A TURNG GUCUINITS! 0T Has BRI SRAGUIRITS!

GRS
o B URAYH! qURNGTAT THGRT 7 HAT ATT2TD Algardl GaH gd..
5. E%ﬂETH (Inheritance):
o ST AN A AT B0l ATST Se)Ie~ (AR) TUrdra.
o SN FANGT WRE 7o fdhdl YR o fdhdl 99 F& R WU,
o O FAGT ARcE FIN fdhdl Jega fohal ogdd N WUTdTa.
o DIfSTH! XSHUEICT § Soslc~udl T Hal 3o,
3’%’@2’7\‘-‘[ YDHIR (Types of inheritance):
ﬁlﬂﬁ%%ﬁw (Single inheritance)
qfecdad sesied (Multilevel inheritance)
qfeeyd s%eﬁlcﬂ{-l (Multiple inheritance)
fevaifidd g=/3e=T (Hierarchical inheritance)
SREIS 5%{7&{4 (Hybrid inheritance)

ok wbh R
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Single Inheritance
Multiple Inheritance

o

Multilevel Inheritance
class A
class A

T 1 !
Hierarchical Inheritance I_—T_l

Hybrid Inheritance
Figure 4.1: Types of Inheritance

6. ufl%»‘qfﬁ?slw (Polymorphism)
o TG IUN 3D ST HIG oSl B,
o T 31 UHT ATIT THTUEHT SR iH
o M Y TP B oA YR HRl Ud,
ufl%»‘qfﬁ?slw YPR (Types of Polymorphism):
1. HURS <3 UiSHITbEH fhal ¥iee uifeHItheH
2. I TrsY UlfoAithed fdhar SHtie aifediithe™
o JBIGd dood ATRGHT SN HYSHT HURS <lgd UToHIbEH U, 3al. AYS
MRS
o YTCRHA dB! UGN WUl HYSHI I CRH UMGHIMbH UK. 3al. AYS
MNGRIGATST
4.1.1 T ATIVT 3ffeviae dUR B0 (Creating classes and Object):
o TATH HRSAT: TN BUN GRUS 0 BYSTT YU, FAN U SHisolae a1 JHG
S HH TOTH ST,
o UYE FAN g1 lesiaedl sfiie e
o FoI class & HIAS 3T

Syntax:

Class classname:

Variables and functions
o Jficoide TIR HIU] (Creating Object) :
SATEAT (Definition): iTsolee FgUTST 32T (GRRTTeH) 30T AYS (haRr-) Jidl TUE 3T
S T SR BT Hll. 3ileoiae § A 3a1eR0l 318
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Syntax: Objectname=classname()

Grollel ITFIRTAT dTu®e] FolTgHL T cgRusel 30T herleToll shieT il

Objectname.variablename
Objectname.functionname()

Sqler Ul 3T3cYc:
class ruff:
def f1(self): print("Hello World") Hello World
ob=ruff()
0b.f1()

o Self TRAT: Yo URTHICR BT FAIAT IH 3G U 3115, § FAdd DIvTg!
BRI Ufgd TRIHICR 319, I1d SHissiaeeal ITexumel deH omg Wl AYs dafda
3T,

4.1.2 PIgdcY 3for %E‘R? (Constructor and Destructor in Python)

o hIcdc URAHT (Defining constructor):

1. SR FAREl 3ieoide IR ol STal degl BHgdex FIAT sl a1

SRS (G egst fAgad B0 HROT 3.
2. ORAYT AL _init_() HYS Hgack Dl HAd 0T SegT TETE! 9 daR Pl
ST egT AgHI Shiet dheil SiTdl.
3. ICO RUSE! _init_ () BYSHY HRY &l ST
Syntax:

def __init_(self):
# body of the constructor

Sqler Ul 3MT3cYc:
class ruff: 102
def___init_(self,a,b):self.a=a
self.b=bdef f(self):
print(self.a,self.b)ob=ruff(10,20)
ob.f()

PETE UPR : T YDHRd Dhigde 3Ted.
1. Siplee P dcX (Default constructor)
2. ﬁ?‘lﬂm P IgICY (Parameterized constructor)
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1. SlBIGe PHedex (default constructor): SIHIGC Hcdex B YT Hgacr g .

PIUAE! WHIER THSSGT HcdeX (No argument constructor) SIHIGE Hcdex UM
SEST S,

JeTEL: 3T3aYg:

class ruff: Hello

def___init_(self):print("Hello™)

ob=ruff()

2. mmm (Parameterized constructor): qﬂtﬁatfaiwwa HRACICA]
RIS Higdex BUH B Sld. q%wwﬁaself&n%&rrﬁrsa‘h—dqwﬂa
TITFRER UG BT Sl

3qleXul: 3T3cYc:
class ruff:
def__init_(self,a,b):self.a=a 10 20

self.b=b print(self.a,self.b)
ob=ruff(10,20)

o &% (Destructor in Python)

SiegT Tdrer 3isoide ¥ gld dagl JArdl feigaer WUrdid. Uy e, c++ JHT0! fSgdexa
THAT T SR TRIYHS JHlsoldc Teb! 3cied] TUEDH S Sl Wil TaRITI

Syntax:

del objectname
del objectname.variablename

AU gTdresd!.
del_() AYS & Python A fEXaer Ugd UM 3NcsEd fld. ST 3iieoided T4 daH
gcadl SIdId FeUIS Sicg] TETGT 3ieciae Y hall SiTd degl T Feurdd.
o del BITS 3iisoide geUIMTS! ITURET S,
o del PGS AUFA Sfeoiacya]ial UILH ged.
IEIEIUT: {SXTaerd qui- SRS Uy WHITH
class Employee:
# Initializing
def __init__(self):
print(Employee created.")
# Deleting (Calling destructor)
def __del__(self):
print('Destructor called, Employee deleted.")

Maharashtra State Board of Technical Education 62



ST WaRR T UrgYH-313306 Data Structure Using Python - 313306

obj = Employee()

del obj
3I3cYc: Employee created.
Destructor called, Employee deleted.
4.2 8el C’;I'W &TﬁT@ETEﬁ?CgaYH (Data abstraction and data encapsulation):
ST AR 3O ST THhYARA 7 Sleoide NRUCS MU 101 grge=qed »1H
HROGTD G HEdqUl Rigid 3HTad.
4.2.1 el GIEEUT\’F[ (Data Abstraction):
a1 R g Rigid Ser favvar sl ad- HRuar 3w WRIeR SeThia T
AYS IR, T ARG sl UeH 3 {arT fafay fderuien 9&=I UM &Rd, IRg Il
3arST 3101 TRINT ST 3R o GRIAd ATgl. U IPT 36Ul 3 Uh Hradrd Hiad
Fel [aY dd Uhe TIdId. T1 UHR, ST TC R § ARG Sel R HRUgT
K| "’W 3cleXUl (Example of data abstraction):
a1 e RM Wfce HGToNgUll dUfie SUquaeR S0l Sfiscided! haes Ha=ad
afrey EifaTaTer T Hisd FRd. I WA UG FROTT BankAccount” TaTeT
JIT faR . 3! WId HHi®, Roed Ta®IT 3. IRW 3fdid qUzNe I8 - Hdl
WAl HaTg YRSt ‘deposit’, ‘withdraw’, 30T ‘get_balance’ TREAT AYS TR H&
Rl

class BankAccount:
def __init__ (self, initial_balance=0):
self.balance = initial_balance
def deposit(self, amount):
self.balance += amount
print(f'Deposited {amount} successfully.")
def withdraw(self, amount):
if self.balance >= amount:
self.balance -= amount
print(f"Withdrew {amount} successfully.™)

else:
print("Insufficient funds.")
def get_balance(self):
return self.balance

# Creating an instance of BankAccount
account = BankAccount(1000)

# Depositing and withdrawing funds
account.deposit(500)
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account.withdraw(200)
# Getting the current balance
print("Current balance:", account.get_balance())

Il IGIEXUMNd, 3! 'deposit’, ‘withdraw’, 30T ‘get_balance’ IRRBAT BYE A=A
‘BankAccount’ GTIRIT Halg FTudl. dUTl, & @A™ fdiid dquziie, SN &t Rees
HIRITI TN, ARG AR G 5d@! oI,
4.2.2 ScT E%Cga'&’ﬁ (Data Encapsulation):
S¢l ThyarH g Rigid Ser i Mg s/arm mufi ol w3t Ida
PRI §d I TSI 8. o FArY HTIOr e siean fafkiy dadiean ded- durfad
3PV IaIERUI 315, YUl Hacd AT STl HRTET ST 6 Jhdl, T YT hdcd
T SieeT dediedl HILHTGH et fohaiea 3feTsl 31udT aRITATT BTH BRI &d
3.
THRIORA 7 ISR [RUFGH AU fGSGa THR (@) TR HRUATAl Ugdl Uha
TSB! 3T
o TG MaSH TeWHl ArHl Fohcher A ("FUIGS") B oS 2D,
@1 Alfgdt $Ud0l 3 WUrdrd.
o HIfgcl SYAU B Sdd WEY 3G,
o TG WO Yo GH HESWHR quli-i I& 8IAId AT 4T Y1 ol Id
el
o ST THRYGIM 3fleoide HTg! HRTHE TazT WidaTd ®Rd AT =T fdild
Rt de 95o Uiasia HRd. Sl @orh U aiued Sl sisoige s
Rzl TaTe AUTaTe! Arau-e AYUS U Hed § e Hdl.
3T THYATF IaEI0: 1 ISR balance ' AN iadd sruard)
*BankAccount” I71d 9E® H&T:
class BankAccount:
def __init__ (self, initial_balance=0):
self. _balance = initial_balance
def deposit(self, amount):
self.__balance += amount
print(f"Deposited {amount} successfully.™)
def withdraw(self, amount):
if self.__balance >= amount:
self.__balance -= amount
print(f"Withdrew {amount} successfully.™)
else:
print("Insufficient funds.")
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def get_balance(self):
return self.__balance

# Creating an instance of BankAccount
account = BankAccount(1000)

# Trying to access balance directly (will raise an error)

# print(account.__balance)

# Depositing and withdrawing funds

account.deposit(500)
account.withdraw(200)
# Getting the current balance

print("Current balance:", account.get_balance())
T JUTRT ITERUMHE, 3ig] do-0 foRIVdl gedl SfSBISR () g Wihd Hed
WIS HB! 3Tg. ST, JT=T dge A< *__balance’ A Ud3 HRUIMT Yad AN Sl

THWBRA O] HEA Iei FHU 5o, Rood IR 3Hal Jaui-e JYsS ‘deposit,,
‘withdraw’, 3Tfor ‘get_balance’ g&ﬁuﬁawm

a,self.

3aleRUl:

class ruff:

def __init_ (self,x,y):
self. _a=x
self._ b=y
print(self.

ob=ruff(30,20)
print(ob._a)

b)

3T3eye:
30 20

AttributeError: 'ruff' object has no
attribute ' _a'

IS IaTERUINd a 30T b WIS GRTSSY 3MTed 301 AT TazT HRdT Ad ATeld.
- AISICHRRT AT TG0 ATGT AH HTHT TUTdTd.
Uy A foRIY Ugat (Special methods in Python):
Ty Ao [T Ugdined aF siexmR quii-it I BIUMRT ST THT BIoTRY 1d
3Ted ST T WIAfSAUT TYHE HIG He S,

o init_() - SIcET THEIG] T T AR B! S gl i WIAMGAUUl DG Ho! S,

o str__ () - SlgI TGl o flic au= qrRIgo! Sid degl str() HIe sld.
o repr_() - ST YUY JoH SHiecided HRd UG Ho ofld da&&l __ repr_()

PIo BId.
Table 4.1 Special Method in Python
Methods Meaning
a.__init__(self, args) constructor: a = A(args)
a._ del__(self) destructor: del a
a._str__ (self) pretty print: print a, str(a)
a._repr__(self) representation: a = eval(repr(a))
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a._ne_ (self, b)

a._add__(self, b) at+tb
a._sub__ (self, b) a-b
a._mul__(self, b) a*b
a._div__(self, b) a/b
a._ It (self, b) a<b
a._gt_ (self, b) a>b
a._le_ (self, b) a<=b
a._ge_ (self, b) a=>b
a._eq_ (self, b) a==
al=b

4.3 UTTMATThoH TS eU-T- UGl SgIaST 3T RIS iST
(Concept of polymorphism- method overloading and overriding)

Ui AIThEH BT 2eg Hich U 3T 38 Saram 31 "3Me U U 3 PTtasl aran 3ref

Uhd HhaRTd A9 T YHRIGTS! aTIRS WIS .

CRSUREREIN

1. TISH UloATheH fhar ¥iew ulfenthe™
2. 3 <N Ul HITtheH fhar sa-ie uifediithem

o\ -

IPhiod d39 dTIRGAT ST UGdIoT HURe cgd UloHbed RUdd. 3al. AYS

T d@] ARG ST UGdel A <gd UlfoHbed RUdid. 3al. AYS
NGRIGATST
43.1f= Eﬁ%ﬂfﬁ@l’q (Built in polymorphism in python)
a=23 str ="'HiThere'
b=11 tup = (‘Mon',"Tue','wed',' Thu','Fri’)
c=95 Ist = [Jan','Feb’,'Mar",'Apr']
s1 ="Hello" dict ={'1D"'Line',;'2D":'Triangle',"3D":'Sphere'}print(len(str))
s2 ="There!" print(len(tup)) print(len(lst)) print(len(dict))
print(a + b) Output:
print(b + c) 7
print(sl + s2) 5
Output: 4
34 3
20.5
HelloThere!

432 0YS aﬁ%wswﬁm (Method Overriding)
T Te Ugd! Sard A1d UIed aiidie UG aRed g JiFl AYS ieRIsie UM
M@ .
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3aleUl: ST3cYc:
class one:
def f1(self): Good morning
print("Good morning") Good afternoon
class two(one): Good evening
def f1(self):

print("Good afternoon™)
class three(one):
def f1(self):
print("Good evening™")obl=one()
ob2=two() ob3=three()
for ain (obl,0b2,0b3):
a.f1()

4.3.3 3TUNER NGBS (Operator overloading)
TYHde IReR iERolen & MMedl @ (UHR) dR AURd TSI SR
TR HRUGT Th o SHTIRCT & 31T

. 34 HH A + 3HUREX IRUIRIST RIS __add_ G Ggd aRuid
PGl BRI,

RIALELUK 3T3cYc:
class one:
def__init_(self,a,b): 130
self.a=a 110
self.b=b

def__ add_(self,other):a=self.a+other.a
b=self.b+other.b
ob3=o0ne(a,b)
return ob3
obl1=one(90,80)ob2=0ne(40,30)
ob3=0b1+0b2
print(ob3.a)
print(ob3.b)
AYS ANTIGIHIT (Method Overloadlng) :
ﬁ?-l_s' 3‘IIOENQ1IIS‘I % Uonld "|I0|I'-| uegﬁ-ﬁl Iddcb GN-IQ'K'LII 31'10b L4Ic5('(‘ll AR HUYH U II'ITf
3R, W TR AT NGRANST Ugdar T <d Al W SUIeT UG
NGRS T .
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ob=over() print(ob.sum(1))
print(ob.sum(5, 5))
print(ob.sum(10, 2, 3))

SqleXUl: 3fT3cYc:
class over:
def sum(self, a = None, b = None, ¢ = None): 1
s=0 10
if a 1= None and b '= None and ¢ '= None: 15
s=za+b+c
elifa '= None and b '= None:
s=a+b
else:
s=a
return s

TYHA AYS  INgeoisn  ofdr  AYys  iERiElFMde  wie:

(Difference between Method Overloading and Method Overriding in Python):
Table 4.2: Difference between Overloading and Overriding

AYT AFIBITST

AYS ANGWISIET

S.NO Method Overloading Method Overriding
In the method overloading, methods or | Whereas in the method overriding, methods
functions must have the same name and | or functions must have the same name and
different signatures. same signatures.

Lo oigeoifen ugdined), dus fhar | R Aus lewEfSma, fAyg fFa
(a1 T 19 T01 e W@eRt | a1 99F A9 Sfor aE warerf
30} 3T TR, 30} 3AZIH TR,
Method overloading is a example of | Whereas method overriding is a example of

5 compile time polymorphism. AYS | run  time polymorphism.  dX nYs

AEBINST &  HURS
UifeHith e 3Tl 318

crsH

MNBRIBST § T <BA UTSHITbHT
REUICI
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In the method overloading, inheritance

Whereas in method overriding, inheritance

may or may not be required. | always required.

3| ieReidT  ugdHd, sodew | WY ewEeTY, seilew  JeH
3HIIZD Y Xbdl fbal TG DAl | Ha=TD .
Method overloading s performed | Whereas method overriding is done between

between methods within the class.

L il usdind AYs SiERSIET
FS ST,

parent class and child class methods. dX
TYS SNERIEST § Uod a3

It is used in order to add more to the
5. behavior of methods. § TS dI<AT ad-Td

3HfYPH STSTIIATST TR SITd.

Whereas it is used in order to change the
behavior of exist methods. SiagT o oM

NYEST 9d- ISOUITST dTRe SiTd.

In method overloading, there is no need

6 of more than one class. sil%zas'lléu
© | UGdHY,  URMNET W deet
I CESERIGIRS

Whereas in method overriding, there is need
of at least of two classes. HYS
NI CEUCIIRER IS

4.4

3{Tfor 3’%’\9['67\‘[ YPIR (Inheritance and types of inheritance)

gR]ic (AR B ! Xad:o1 SRl U WU ga=a1 Il Iai-T aRYT Guard!

&I 318, TR Faral Jaaa ("feRsws Fam fdhdr "arses o [Child Class]

cdId TEUdTd), IO aRRA fHesTaedn aiar YuReay ("o g fhdr "iRue o
3N WU, Tl UaTshH TR TTyHTON 3MTe:

Class B
\)ér2
P method2
Class C
var3
method3

Class A
var1i
method1
/ S Class E
\ method5
Class D
method4

Figure 4.2:. Inheritance
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Tl A BT YR TN 3776, A B 30T E FAN A o TS9N 3MTed, ol d-URIRATd ad
30T el A 2T Uil 3MTgdl. Il C 31101 D § i B d AT Yol 3HTgd IR el A d
3ITE] YT 3R,
super() I RS : GOR() HaRA o AZcS FAHAT ATAT IRUC FAH I TG TGl 0T
T e,
3%'@27\‘[ Y YR Types of inheritance:

ﬁlﬂﬁs%ﬂﬁ (Single inheritance)

qfecdad s%%ﬁlo%l (Multilevel inheritance)

R
R.
3. HAfecyd goilcd (Multiple inheritance)
¥.
4

%?&ﬁﬁ 3%?%7\‘:[ (Hierarchical inheritance)
g So-ic= (Hybrid inheritance)
1. Rivre s%ﬂm (Single inheritance)

l Base Class J

) I ~
l Derived Class ‘

Figure 4.3:. Single inheritance

Rivre st~ 7, Y had UhT YuR FaHYT aar ial. 8 R -Wkve
T SATFOT I IRET Gdl. Bl ATar TeT IRYT BUH culd @ S,

Syntax:

class parent:
Statementclass
child(parent): Statement

3ale Ul: 3T3cYc:
class one: parent classchild class
def f1(self): print("parent class™)
class two(one):def f2(self):
print(“child class™)
ob=two()ob.f1()
ob.f2()

2. Af¥eoa® gg<le~d (Multilevel inheritance)

Multi-level inheritance is archived when a derived class inherits another derived class.
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gl TGl fevRage daN gul feRIs e ool aRET Udl degl 9g-WRid aRT Jfgd
el STcll.

 CeesN

Figure 4.3: Multilevel inheritance

Syntax:

class parent:
Statement
class child1(parent):
Statement
Class child2(childl):
Statement

3. Afeeud ge3te~T (Multiple inheritance)

QCbICI&ﬂ vilxd Yoo d‘le>§"| IRYT ST I16® aMeT Afceud aRYT e Uldld.

TT

Syntax:

class parent 1:
Statementclass parent 2:
Statement

class parent n:
Statement

class child(parentl, parentl. .... parent n):
Statement

Figure 4.4: Multiple inheritance
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3aleUl: ST3cYc:
class one: first parent class second
def f1(self): parent class
print("first parent class") child class
class two:
def f2(self):

print("second parent class")
class three(one,two):
def f3(self): print(“child class")
ob=three()
ob.f1()
0b.f2()
0b.f3()

4. fReea 3%1127\‘-'[ (Hierarchical inheritance) :

R THTT 9 FATHYT 3 I Dlaa S aR dTal fgsfftdd aRYT ®ordrd. fdar
g1 IRYT ST UHTUE SR T8RS IO fhal Jeaoradid] Wie Fd BUH gie
PR TRATIT &l

Base
| A |
Derived class Derived class Derived class

Figure 4.5: Hierarchical inheritance

Syntax:

class parent:
Statement class
child1(parent):
Statement class
child2(parent):
Statement
class childN(parent):
Statement
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SaleRUl: 3T3cYc:
class one: parent class
def f1(self): Intermediate parent class
print("parent class™) child class
class two(one):
def f2(self):

print("Intermediate parent class")
class three(two):
def f3(self):
print("child class")
ob=three()ob.f1()
0b.f2()
0b.f3()

6. TSI Sested (Hybrid inheritance) :
BIASIS TEUIS] UHTUET SR SIS dRYT & GIH fdhar $1feie bR IR el 3Tg.

Rase

{

Derived class

I

Derived class

I
i I

Derived class Derived class
Figure 4.6: Hybrid inheritance
SGIgRUL: ST3cYc:
class one: first parent class second
def f1(self): parent class child class one
print("first parent class") child class two
class two:
def 2(self):

print(*'second parent class")
class three(two):

def f3(self):
print(“child class one™)
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class four(one,three):
def f4(self):
print(“child class two")
ob=four()ob.f1()
ob.f2()
ob.f3()
ob.f4()

W“—T’x"ﬁﬂ (References) :

https://realpython.com/python3-object-oriented-programming/
https://www.programiz.com/python-programming/object-oriented-programming
https://www.geeksforgeeks.org/python-oops-concepts/
https://www.pythontutorial.net/python-oop/
https://www.youtube.com/watch?v=Ej_021COlgs
https://www.tutorialspoint.com/object_oriented_python/object_oriented python_tutorial.
pdf

7. https://www.w3schools.com/python/python_classes.asp

ocoarwhE
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gfe-5
R Se1 e, SR, e fore, & snfor &g=1 giein uray=
(Linear Data Structure Arrays, Link List, Stack and Queues using Python)
fawa et (Course Outcome) : fefAR SeT Wa=R g4 urgyH
geo e (Theory Learning Outcome):
1. TREEE AR Se1 WReHr auiH .
2. fedie ol 3R auEH Uy SIS fasRid o,
3. fdican gHREd! fefe feree ardl ] HRUArTd! urgy Sig fefgl.
4. URYE HHE) Wb AR .
5. TG WITHEE oY AR .

5.2 Sel Waad - e, forf=raR se1 Waasd, AT-forfar Ser weamrs R - aimerT,
AT PR, SRaId TR, Bﬁﬁﬁﬂi’ﬂ'ﬁﬁm (Data Structures - definition, linear

data structures, non-linear data structures arrays - overview, types of arrays, operations on
arrays, arrays vs list)

vgel TaR" BT YU ATl Uh A fawy 318, af JIURUIr Sl IR HIfor
TISUN FHRU HY HRI0 ATEE (B, Sl TR S HIUATe! Uichad! fdhaT T
BT AGAUINITS! Sl HHeHT 0T SeT IS Ut TaRITI JHSH YUar Had 8id.
S R TP YHR! [GaRUM T8 S ST FUIARUT, W3-, 31 Yai8 HY VR AEed
AR ARt SO o B YT HINd fefguaredn SRa-Td Had Bd. i 9l GUfgd B,
TS B, SATOT UfehaiaTal aTuRugT=aT SUR 31T UTSl Sel IR,
3¢l RS WU Alfgdl fdhal Sa JETd Ui fed SRugrE Th Ugd, D
AR UfohdT B! 3iferes AT 3101 SR §id. df Scrdl g, e+, 3fir vag
HYRUTY fafae THR del ST, SOdhE 81 Sl Mgoldul JAui bl S, bl ST
STIRIH TR YIS HIAEHA ATIRAT SIS b,

fafRry Se1 aTsadt ATl GF Uediar SaagH 3R
UYH, IRAfAH-SHTdId ffeoidedg sl Hi3d dgddy ufdfdfad Hruammdl a WwRaaa
I IS bl S0 SHTaH 3G
IR, T Sad! W STdl Bt SiegT TS SR dogl Selar HIAEHA Ufehal o™
IIH T .
Sl WY ®lal Iae]ul WU SR, e foRe, €@, &, < 3. Sl Koy WU
O Saaedes Ude UHed, U, duser f3amed, iR Ren, mitvay,
SRR Seferela IO ST ®Te! Aed [T FHIUMER aTaRd SiTdTd.
ST WA § 3Fd AU [ AHENRGHY G-I U 3Med HRUN o THITHRAT SeT THTEt
YDHR ITRUIMTST Had HRATd S0 Dl DIk FIEY 3T,

Maharashtra State Board of Technical Education 75



ST WaRR T UrgYH-313306 Data Structure Using Python - 313306

. ?:ETEHEI#(Data Structure) :
ST WaE § PIUATE! WuedsR fdhar T fofedT sl Sradrd. TRmHae! 9 et
KRR (TS § MUTERYTS! 3d MBS BT 3Tg.
SIgT SicgT STl WA GG Bld! dag] Weitd hlal GaHd ST aiRed Sdrd:
% Sel(Data): scrdl UUl® Ted fhdl g U8 ®WUH uRYING o= hdl,
Iareruy, HHARITE ATd TOT ST T HHATARN Haidd Sel 317G,
% ST 3TIeH(Data Item): JedTd T Udhdh Sl 3RICH BUH JH@@d Sld.
¢ YU TASH(Group Item): Sl ARCH AT Sl HCH JHg 3HRCH EUH
e ATArd. IeTeRunY, TERI HHAr Adrd =1d, Jyd 1 SHS1d 3R
R
& WIYfI® axq(first Element): JU-3AcHAY fAURTOAIT  3fTcied Sl ICHAT
T o BV @@ S, IaIERUNY, HHAITE 3MS).
o 3iffaca snfor ured: ARy axdan avf TEmRn gcegR oxifaan Srdl. @rd fafqy
TOTH SRIATd. Ui fa=INaT T gedhre [y ured Ui 3iTe.
& Sel EHEI'\‘\% CUICa) (Claasification of data structure)
¢ R fafdy yaR teheh Jeftd |Ruacmr Wiyd d9 faakd #=d. @
TIUTERT QAT SMYR §9ad o Scl gehAdd Jae grfad 3o TRmRAr Serar
BHTRIEHA UichdT UM Had HRd.
ST IR g Juiined ffevur v Twar-fififes Ser wawr snfor aF-fafes
ST TRR
W Pl SeT TR AT Fiffervur gxfad.

Data Structure

|
1

Primitive Mon-Primitive
Data Structure Data Structure
l \ _ ] \
Linear Data Linear Data
Integer Float Character Boolean Structure Structure
Static Tree Graph
Array Linked List Stack Queue

Figure 5.1 : Different types of data structure
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+ ffafes Se1eam™(Primitive Data Structure):

ftfee Se1 wwaerd €t Ser ot 3R Sura e Sifvn auf SrgdTd & MuTHHe sfayd
AT AT ST WA BRBR fdhdl ARA-WR FHaRigR de $HiiRe da o, Y.
2feoR, TRlle, dheae AT e IRY HaYd Sl YR 3feH el oy fdiid Idrd. a1
ST USRI 1Y ST UPR ¢WId WU, HRUT AT dU1 3HTgd A1 IS [URT S
RTehd TG 1.

& H-ffffee Jer waa=i(Non Primitive Data Structure):

1-fffee o1 war v fiffifees SeT IWaaiHYyd Sgad daedl Sl Iy, a7 Sa
Wy BRBR fhar T=iF-wRg gorigR 9 HRe &d 9% [dbd A6l AT Scl
T BIhY Sl geHdl Uh A GUR HRUIER 3118 o T (FHH el UHR) fovan
faum (U9 SeT UPR) SR STl a1 31101 SHaR=T SYRTER, 39U 47 Sl aadd g
IU-Juifaed fauTsH o bl -

1. forf R Ser

2. AH-fAfR S R

< fafmr e IA¥AAT(Linear Data Structure):

S TWHR Sil ITAT T ICH A THIAIAR H-aRM Sidd Hd ATdl [AFER Sl TR
IEUH 3T SId. Scral Aieul XU Ugd dall oild, o) Ude gehmed ufgar 3for
el 3l Ued qiIeddl STRIYBRT ST gaad! rard. auift, Aaen daedid o TR
3T 3 ATel, HRUT AT SHhHD Y hd Tg1.

IR FTeUTAT SHTYRTAR, fAfFR ST Waarid Jeid G USRIHS qiexul &l ol

& ¥fe® Sal '\‘i[ﬂilﬁ(Static Data Structure):

fRR MHR e Sl Wl Tich Sl Ky WBUrdld. a1 Scl Taauard! Tl
HUISTRSAT 3] dIey dhel! ofd, TN Yhield MR aTRGATGR Il HTHR dgadl dd
qIet; dUTl, e Ufgd Sel dgaldl S, Kb,

3R 3 WP ¢l IaaRd qaraq IaexUl 318 HRUI Il HTHR FiEd omg S1for & ser
AR JGdT SIS, b,

% STAHIUP Sl W (Dynamic Data Structure):

ST SHR A Sl WK aaadl S Scl oy TUIdld. a1 Scl e aasd! Ha
I TIRHA dIey hall STd 3T HISeT A TRHAE Jidl HTHR Jeadl. R, ARl
DI T CRATD IT STl T WIRd hadl HTHR dUd Sl geh daa A,

foies fore, T SftT g 8t S e IWaaid! ATH 3aI8vul TR,
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R Se1 WwamRi™ R (Linear Data Structure Types):

1. G‘ﬁ'(Array)

3R Bl ST AT 3T . AT IR U Sl UHRIAd UHIUdH Sl uch Thl gRugaqS
Mes] HRUTMTST el STl FHH Sl YRl 3-dh gegl Aol |RUSd Adiaed Jufgd
OGS, ff ¥4 Thd QRUTaHE Fled H= Adbdl. AT UM 37 3T TGt B
YT PV TS THH Sl UHRMET T4 e I Sl USRI ThT SRAL
3R &) gewhiH T Tt Mg o) e TehTal GEe U AT R 3d. 3Rk a1 Uedh
T BRUTA A4 AR HAMd; UMY, TISN Jalepy BUrdid [0 0T HHidb
A YUgTITST 3R T dRreed TeUrs! Sl Yoy At RIHHeS Wfed dal Siidl, S
ARG el Yaferd IHHMGT aTae =T Sl ehiHYd ANIHHUI B0 AT
gld.

JGIGUT ;- DRI A1d Sfelcll Tob U TR HRA

cars = ["Ford", "Volvo", "BMW"]

& AT @Wsﬁlﬁ?\q (Access Array Elements):

3{TYUT SIHHIGTET g B3 W gedhrr g 3 Wb,

Jaleul

Yfgedt TR g fdhad ffresar:

x = cars[0]

Ufgedr W gelii ey fdhad aqar:
cars[0] = "Toyota"

< WY didt(length):

T @ielt (EeHa gewmi TBAn) TR BRGNS len() TG d AToRT.
Jalexul

cars WHENS Teami WX IRd B

x = len(cars)

U] gehiaR U 60

TR for in U ATIEA XA TG GChHiaR U B b,
Jalexul

cars WWWWH@HW

for x in cars:

print(x)
X ﬁi‘:r%& qgcd Fﬁ@'&f(Adding the elements in array):
T append() UG d AU A Uedh Sl el
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3aleXul
cars tﬁﬂ?ﬁ &WUI@WW@_&;T:

cars.append(*Honda")
< @HWWWW&(POping the array element):
T pop() U< aroRe TRAYA Uch Pig dhdl,
JEIGIVT : cars THUTE GURT UTH BIgH TPl
cars.pop(1)
TR remove() UG d ATURH Gtd URAYA T Dlg Kb,
EEHEEL
"Volvo" Y& AT UeD BIg CTdT:
cars.remove(**Volvo')
Python T, array SfTfOT list AT GIH ATTATeA ST WaeR 3HTed, S0 I Hla! Hew@rd
TR AT, JIed HOIHRId S0 I BRBIGE ad] H,
foree (List):
1 %Ei‘]ﬁlﬁ'qﬂ (heterogeneous):
% Python fore g g (heterogeneous) GELW, TSI U] fereqed
fafae R ST (int, float, string, 3.) 3L .
% JaleXU:
my_list = [1, 2.5, ""hello™, True]
2. WT&IH?'\‘I'I'{FT(Dynamic Size):
o oRed STHR SRS 3RIATd, WS ATd STIRIDH AR SRRy T fdar
a ®Har ddrd.
s 3aleXU:
my_list.append(3) # foreege Fd+ smaeH ﬁ?—;W
my_list.remove(2.5) # ﬁmqa SAcH ﬁ'{q’ Y0
3 .ﬁﬁ'-ﬁ w'é'(BuiIt In Support):
% fore 3 Python = foiee -3 ST UHRIUS! Ud 3], TeUH Vel sifafad Aisqd
S SR TR T8
& Jclellr:
my_list = [1, 2, 3]
3R (Array):
1. @'ﬂﬁﬁlﬁ'ﬂﬂ (Homogeneous) :
& IR T TG AW UHTE UHR U] aRTH TR (Il TS 3feolr, TS
UNIESEN
s 3algXU:

from array import array
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my_array = array('i', [1, 2, 3, 4])
2. o= e1gU(Fixed Type):
& 3R 7Y SeT ey Y wHrrar arTal. Iereuny, it UM integer, 'f TEUI float.
% JalerU:
my_array = array('i', [1, 2, 3, 4]) #'i' indicates integers
Grﬁlﬁﬂﬁﬂ\'lﬁ?ﬁﬁmmeed of Extra Modules):
& 3R JIRUGTTS! Python =T “array” ﬁ?ﬂﬂ?ﬂ TR 313,
% JalerU:
from array import array

foree 9 ol deT-T (Comparision of List and Array):

afdreey foree (List) 3R (Array)
STIYPR | gRINIHTY (heterogeneous) fod SIHINSIEE (homogeneous)
UohTd scRedRAY fafdy g Rd | fS1Y TohTa YR 3¢ UhiAd drell ST,
ST 3R T,
HTQ’Tr[ S'ITFlTﬁW(Dyanamic) E\"W(static)
gHIé foeeg “array” Hiegel SFUIC 31T
GEICET SR DA
UHIH- | HiGdT STl I3l Bl HRigH HiedT ST YS! SR BRI&H
# g DIVTAT GTURTAT?

fore : ST ucTa fafay YR ST AR 3Rd! fhaT SIS s Tavgd

3.

3N : ST U Th T UBRET AT STl A S g 3117 3ifie srigmd=! TR
3.

gl RIS, Python T HIUAT ST IR St ITURTIE § 33901 T Bid. uedTa favy
TROER fore fdhar sk Fagar ddta.

5.2 FfeT / =Meo -fafyer I 3nfor st 9, 9/ pHaRY- 99a 9, s

qid (Searching -linear search and binary search, sorting bubble sort, insertion sort):

Linear Search (ﬁlﬁfél'\’ﬂif)

ffeR T 8 To W T 311 ST ST UehT IR0 e TaHewra! Ui gchrl
qAT BT ST SHATIOT il i, a1 Fard] GHIEIR O(n) 3!, ST ' WU Tadedt
TRSAT 3HTB.

BE'IETUW?-f, Python 79 frFeR g wis:
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def linear_search(arr, target):

for i in range(len(arr)):

if arr[i] == target:
return i # Return index if found

return -1 # Return -1 if not found
# 3leXUl (Example)
arr =[5, 3, 8, 4, 2]
target = 8
result = linear_search(arr, target)
if result = -1:

print("Current state: {result}")
else:

print("Element not found")

OutPut:
Current state : 2

1. Binary Search (GT*F-I’&H?f)

TR 9 § A SHuar THTE! IO dearad T [aHTSHTT SarRAaR. STeTiRd

MM ITAId BT, A0 A JRA Yeh TTeid HIdl Sidl 301 T TAaR Yt
=T A AT YD TehTAT a5 AN ATeiid SHRdT STl

Iarguny, Python HEd STRY AT BTe:

def binary_search(arr, target):
low =0
high = len(arr) - 1
while low <= high:
mid = (low + high) // 2
if arr[mid] == target:

return mid # Return index if found

elif arr[mid] < target:
low=mid+ 1

else:
high=mid - 1

return -1 # Return -1 if not found
# 3qleXul

arr=[2, 4,6, 8, 10, 12, 14, 16]
target = 10
result = binary_search(arr, target)
if result 1= -1:
print("Current state: {result}")
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else:
print("Element not found™)
OutPut:

Current state: 4

1. Bubble Sort (EIEIFIH'TT:‘):
90 Tic § WS JCURT FIe 38 ML TS YchIdl daq RIMARId dhall oiid, TS
TAHIH T AR . GARUTE! Ufehal § 9dd e a1 AH=Idd g Joofl HRd. Iad
HicaT GHIUGU O(n"2) 3T, S 'n' Te WA 3Ts.
Jarexuny, Python e 99 Ficd Pls;
def bubble_sort(arr):

n = len(arr)

for i in range(n - 1):

for jinrange(0, n-i-1):
ifarr[j] > arr[j + 1]:
arr[j], arr[j + 1] = arr[j + 1], arr[j]

# 3aleXUl
arr = [64, 34, 25, 12, 22, 11, 90]
bubble_sort(arr)
print("Sorted:")
print(arr)
OutPut:
Sorted :
[11, 12, 22, 25, 34, 64, 90]

2. Insertion Sort (ET\EI'Q'T-I H‘ﬁ):

Y 91 § faarye snfir IdumeRor 9ié 3g e T Ucdh TRed AHH AaSdl.
Y i GHIURU O(n"2) 317, SATH 'n' T-AT T 318,
Ierevund, Python AR 8- JiddT Hls:
def insertion_sort(arr):
for i in range(1, len(arr)):
key = arr][i]
j=i-1
while j >= 0 and key < arr[j]:
arr[j + 1] = arr[j]
j=1
arr[j + 1] = key
# 3ale}ul
arr =[12, 11, 13, 5, 6]
insertion_sort(arr)
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print(" Sorted:")

print(arr)

OutPut:

Sorted :

[5, 6,11, 12, 13]

5.3 foier e - Rivre! foiep fore, sa! foiep fore, Tr{e foiep foree, uray= tahor
aTgR=+ feiep foree (Linked Lists - singly linked list, doubly linked list, circular linked lists,
implementation using Python packages for link list):

foi® fore (Linked list):

foi fore 8 T SeT TWarR 3iTe ST Sl Jue 01 AT Hgwdral Jd 3M7g. aTd
FIEI ST AR 3MTg o AR Y87 fEHTofl Ardaaa SRydTd, Sae HAR saa=ITa—
JUTET B, T AISH GIF T U SdId: Sl U 30T Jeid Aredr vy,

f&® foT@ ®1? (Why link List)

@ fowd D ammg oy st Reme e Aequart Jaftd fafay It
FPRTHRUT HRUGMTST HRUATd TS 315, T Dl

37@?!&7-[ 3TfOT fEART 3P Qﬁ’l’ﬁ? (Insertion and deletion of Element)

foreag e, act AIgH SR HIUATR] V! U g °ierul fhdl S0l Ta=ad 3d gl
4 R G AT R RI%E HR01 ARG 3RId. 81 Ufehdl ded O(n) ST SATf0T
foRedl PR ATy HHEMRT ALURRIAT U¢g Jdhd. SR greral N w1 ey srd
HRdd fdhar it siqaasault aifed e, TRUY feReqaRId egeiRad ard e,

fiie foRe O ATt UHR S Hrard. 1 fafay, e Tacear a0t 3o gacdh
Tr3adTd 30T gEid Agun Ulscysdl ATEH IHl Sedid. & & e el
DIUTATG! R e °Tdul fdhdl dhlgul JAY HRd, Had fdidd daod "AdIH gcdh sieul fdhdl
geqald aiTes Ul T 3.

SIe Ul fdhal geaut O(1) desd dhdl SIS, b,

S'N?v&lﬁ?'\‘l'liﬁ(Dynamic Size)

Iy foRe T SIaHTH® RS 3iTed, SardT 31 &1 3THR Seaudrd! aafdadl S8, qUTy, a1
Ufehdd 3 Sifcd B THIAY 3Ted, ST Uall 4414, Hisdl AR} salbHL J51 aiey $HRu]
Ay 3Mle. 3/ I ey HULH T9d HRU ged TdH sldpHe DUl ol Sidld,
TUTTT: HTAAHAUET 3HfUH ST dley Hrad. faia, e foRew g1 areu foa
a3l MaRgdHdl AHdHT SRHHGAA aig fdhdl Bl 813 Whdd. IS T
HANTS! I AafIdl SaRAS g, ATANS! T Udh 3MTER 9aig §drd.
ﬁmﬁamf&mm (Memory Operation)

feRCY T 99 UeHhiaId! Ue ol sl HHRT aTey . oR U fore e siRyi=n
JTHRIVET SR dTedrad! 3&d, R fadl T Fd1H, A13T Heiil B il arey HRIdl drTa)
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3TIOT R T4 fITE™ gcdh T A4 saibHe Bt BRI ARTAIG. 81 UiohdT das@ns, Sful
HrieM T9d, TORva: HAiedT feReTwme!. gakids, SR foredr SR STHR SR 3xad
AU 9Ty HRATG. 81 a1 Ad1H U Seed AR IiTed bR aruRdl Sid.
Fft oo fFeH ITIRTATA? (When to use Linked List?)
foies foreed I forey 31for URSTUel SIet B ddrd, S & S-S JTHR IO
FEUTTS! OiSc ATadTd ARTdTd, e foie feReaan HeRY AR Ul ged S Sl
q, U1 S¢T LFRYS AT STl YT R gid 1. THIET g MYTIMTS! GaTd g
foreee [ AuigaTid HRU! STa=gd 3, STHes O(n) JMY ded T,
foier fere foha R artiat Pivrd fgeTa 7 Sfiwerer=ar fafiy TRAiaR srader 3d. s
foreey foRIvd: Iuged RIdTd SiegT:

% R dRAR 3% U< dIald fhdl gedd dNTard
ST 3HR 3UTE fdhdl IRAR TEAURT Sl
Yohigd JT YA STIRIHl 9
ScRICHY U1 gce fdhdT e SdTd
oo m% UPR (Types of Linked List)
& R fofe fereq 3, udie fafdy uRkfRudianeY sifgdia wrae 3am. § IR 3ed:
1.Rivreit-fefe fere(Singly Linked List):

®,

X/

S

R/
A X4

X/
°

Head

-1 > T -1 >C-T1 D
T 1 T

Data Mext Ll

Figure 5.2 : Singly Linked List

RivTef-fefe fore g1 wala At i foie UeR 311, ST U AISHe Slg! Sl Tl gard
e Y ). A1 Hdw TeTd fGRH Jar &l Jdid - 88 (Afed Are) URH < (Racl
re) T
TP AISHE G HIT ST
% BT (Data): TSHE Adacia aRdfdd A,

» A Tge(Next Pointer): Jeid Aedl WY, JqeaT A8 ARe Ulsex 984T null

1 YT Bl ST,
8 SCI LFR Dhdos ThTd G- T H= Yhdld, AT ARy g fdhdr SsaugR Tara]
Yo MYTITS! SURH Y& He AIgaqH AUGHUTRT HRUI STIPH 3d. T
S{TORRFET O(n) e ANTAT, ST HiadT feReTaTat Bt Hrierd gl

7/
*
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RiTTefl- i e gReardian e a1 ST gequl sfdid Sried 3], STl 9 O(1)
31d. quTfty, Ty fhar Qg arar s geant smavad wH gdd ufigenfed eor
TIIH 3, ST O(n) 9 ANTGI.

RTef-fefer o=l Yo <1 wrafardl Sugad Sl Taek §-dd ST HTIRR fere=
AT BT,

2. Safd-feie® fere@(doubly linked list):

Head

e LAt r= s

Prew l ezt
o 22 A T o [ e [ v
Prew Prew

Figure 5.3 : Doubly Linked List
Rireit-foie foreTd Te dier WUl YUl AT had ThTd AR Uard de ahdl ST
IR S AN AIShs T Ua B Udhd ATel. 8 Aafal e fgfe=mes
Al ST BT ST AR HRUITT & HHT D,
Safd-fofer fored 81 9o Aigad! Ta SHfaRad tlsea JHauH, sages forke aigl
o= Uary ®Rdl Ad. Ul NSHL i U 3RIAd: Scl, Yeld Aledl Ulger 1o Arftd
BISEIRIERS
3. IRferR foi® foRe™(Circular Linked List):

Head

- J—(e == (= J

Figure 5.4: Circular Linked List

IRR i ey § Th [aRY YR foid foRed siigd SaTd Yacdl Al Ufged Aledhs
8T Ulgradl, U agaR a1 daR HRdl. arar 3 Riren oftr safer fiier fere o,
IR foiep fore dud e, <t qu e,

TReR foiep foread Irafaded ey & 9ad U SRl armomar IR e e
Fad, T B drs TR of YdcAT WBIFURLT Ulged WBIgudd gl &= sidd, fdhar Ide-
o UTGY A i ¥ TR B (Creating linked list in Python)

T LinkedList class 7€, 3TIUT Node class dT 9TUR &% linked list TR &=, T class AL,
AMTATHS TP __init_ method 3T S linked list AT Th BT head T initialize PR,
M|, A S insertAtBegin() method 318 I linked list ECITWFﬂFITW node insert
P, insertAtindex() method fdeT index dX U node insert Hal, SAIfOT insertAtEnd()
method linked list =T ‘\ﬁﬁ'cpf@ node insert B!, AHR, THATHS remove_node() method
3{Tg Sl data <1 argument Ul dal TOT AT node T delete . remove_node() method E2433)
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3R] linked list traverse W?ﬁ, SR data TH AT node IUFRRYT 3T R 36T AT node T
linked list TE delete Rdl. T SMTHATDS sizeOfLL() method 3T SN linked list AT JeaTT
size freaal SMOT LinkedList class a1 Rdedl method Gﬂ%‘ printLL() ST linked list traverse
P! AT TP node dT data print !,
1. Node Class TOR $HI0I
31901 T Node class TUR Pl 3Tg SAME 39U init__ function TRHTNT ol 38 S
node T argument ¥&U[H U Dol data o initialize Al 30T U reference None = I
Pl HRUT SR HYedTdhs Wad Udb node 3R R ITAT reference T HTalal A9d.
class Node:
def __init__ (self, data):
self.data = data
self.next = None

2. foiw foree 9l Insertion

i fore =0 WT?ﬂ?IT Insertion

8T method linked list T JHATITET node insert Bl T method L, 3TN feaiedT data g
U new_node ddR Il HTOT JUTHA! Bt head WWTIT node &ﬂ%’aﬁ:lﬁ SR head RBTHT
3 R AT new_node <l head Saar 3for return Eb_{?-ﬁ, SHYYT HTYUT head < new_node

=T next A insert B!l 3TTOT head T new_node ™I RIS T Pl
def insertAtBegin(self, data):
new_node = Node(data)
if self.head is None:
self.head = new_node
return

else:
new_node.next = self.head
self.head = new_node

3. foiw foree e fafRry ®MTER Node Insert S0t

8T method f&TIedT index aR linked list A node insert Rl IT method HEH, 3T feeied data
g Uh new_node ddIR W‘cﬁ, U current_node ST head =0T SRR &m?ﬁ, 31O T counter
‘position’ ST gedid 0 = BId. 31T, SR index RIG W R A 3 node Wl?ﬂ?ﬂ insert
ST 318, TS YT insertAtBegin() method HId dHRdl, 3F=TYUT YU Tds while loop
Iregd Sgdd current_node None =l RIS Tt fdoal (position+1) foaedT index =T RISR
18!, 3MuedT fdaedl RIMIER insert HRUITS! Teh RITH TN AETd AT, TS nodes T
linking _Eﬁ'sfﬁ 30T U iteration AL, TAUT position 1 = aread! 3T current_node T=dl
next TT SRIGR Bl SIeg] loop Tud 30T SR current_node None =T RIS AT T 0T
current_node IR new_node insert Al SR current_node None =H[ R 3 R g 37

index list A 3RTedTd AATe! 30T 3TYUT "Index not present” 3 print GG
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# Indexing starts from O.
def insertAtindex(self, data, index):
new_node = Node(data)
current_node = self.head
position = 0
if position == index:
self.insertAtBegin(data)
else:
while(current_node !'= None and position+1 != index):
position = position+1
current_node = current_node.next

if current_node != None:

new_node.next = current_node.next

current_node.next = new_node
else:

print("Index not present")

4. foiw foree =a1 G Insertion
81 method linked list =T /GET node insert Bl AT method HL, ST fEedT data g Teh
new_node TIR ! 0T UM BT head T RBTHT node 318 BT ATal. SR head RepTHT
3T R 3T new_node I head SAad! 37O return HRC1. 3=GYT, SATA0T current_node <l
head =0T SRISR &Rl SHTIOT linked list TAT YaeAT node TUd traverse Hal. @@T current_node
R None fired da&@T while loop U 3T 3rgur current_node =TI next 7 Sl linked list @
Tgedl node &n%' fa new_node insert GGl
def inserAtEnd(self, data):
new_node = Node(data)
if self.head is None:
self.head = new_node
return
current_node = self.head
while(current_node.next):
current_node = current_node.next
current_node.next = new_node

5. fei® fore a1 Node 3ruSe Hrut
§ code linked list class H& updateNode ST method TRHTYT Ral. 8T method faaiedn
RIFIR linked list A node d T 3UST HRUAMTS! ATURET ST,

# Update node of a linked list
# at given position
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def updateNode(self, val, index):
current_node = self.head
position = 0
if position == index:
current_node.data = val
else:
while(current_node !'= None and position != index):
position = position+1
current_node = current_node.next
if current_node != None:
current_node.data = val
else:
print("Index not present"™)

6. foiw foree UYA Node FTETr
Linked List T Ufg el Node TG0l

& method linked list AT UfaT node P, e =T node dT linked list =T head d-1d.
def remove_first_node(self):
if(self.nead == None):
return
self.head = self.head.next

7. Qe RIMTAR Linked List A Node HT@0l

Yl method mir, 30T fAedT index GET node Plg, & method insert_at_index() method
YRETE 3{Tg. AT method T, SR head None 3¢ TR 310N oo return D!, S=IUT TUU]
self.nead dg Udh current_node 3o 0 Tg position initialize CRGIMSH position feQiedn index
= RS 3 IR A0 remove_first node() method P D!, YT TG0 U node
HIGUATYA] Tl node T SITUATATST while loop ATUEH traverse Hal. AR, SIGGT 30T
while loop HYA STe? Id! dagT ATIUT TURId! bt current_node None =l IR 318 BT, SR
T8l R 3T current_node TT next T 3TYUT Hlg Sfw5d node T next T SRISR P,
SHUYT HMYUT "Index not present” 3T o print HAl PRI current_node None <A1 SRICEY

3Te.

# Method to remove at given index
def remove_at_index(self, index):
if self.head == None:
return
current_node = self.head
position =0
if position == index:
self.remove_first_node()
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else:
while(current_node !'= None and position+1 != index):
position = position+1
current_node = current_node.next
if current_node != None:
current_node.next = current_node.next.next
else:
print("Index not present")

8. fadedr 82 Linked List a Node ®Te0l
BT method fEOIT SeM linked list AT node HTEd!. TT method HH, Ulgedial SHTYUT
current_node T head SRISR Hll SATTOT linked list TT traverse HRUTATTST while loop TTTdd!,
g while loop ?\’TI'E@' d¢ gid &1 current_node None gial fddT current node =0T next =T ST next
d argument Tefiet SRR A 3. 31TdT, while loop HYA qTeR AT SR current_node None
3R R T 3 3Tg D1 AT Sl TR0 ST T node SIRITT TG 30T ST T
return Eb_{?ﬁ, 30T SR current_node =l next =l ST next fgaiedr Serlt T 3R_d @R 3Oy
oAl node ¢l Ig current_node =T next <A1 S next S99, 31107 § if else condition AU
IS
def remove_node(self, data):
current_node = self.head
# Check if the head node contains the specified data
if current_node.data == data:
self.remove_first_node()
return
while current_node is not None and current_node.next.data != data:
current_node = current_node.next
if current_node is None:
return
else:
current_node.next = current_node.next.next
9. UTgY Al foiwp fore & YHUT Traversal

& method linked list T traverse &dl 30T TP node dT data print B!, AT method HE,
SHTIYUT current_node =T head SRS B! HTOT while loop dIU=- linked list 4T traverse &l
ardr current_node None Eﬁ?ﬁ fdar current_node =l data ©X iteration 23] print CRGIREIL

current_node =T next I Hdl,
def printLL(self):
current_node = self.head
while(current_node):
print(current_node.data)
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current_node = current_node.next

<« Y gl foie fore 91 Igmeur

T IaTE0MNd, Node 3O LinkedList class 9 TR HRUTMR, 3! LinkedList class
IO "llist" 19T T linked list TR el 0T Fd¥ ATHH character data ‘a', o', 'c', 'd'
31ifor ‘g fed IR nodes insert el R 3R printLL() method dIU<=- linked list =1 fiie o,
R, 3T BTa! nodes PHTgT remove methods ATURS hlgel TN R gl linked list =T fiic
T IO UTg Thdl B node TH B HIad dl 3. R, T linked list =T JIZS print
el 3G,

# Node class to define each node in the linked list
class Node:
def __init__(self, data):
self.data = data
self.next = None
# LinkedList class to manage the linked list operations
class LinkedList:
def __init__(self):
self.nead = None
# Method to insert a node at the beginning of the linked list
def insertAtBegin(self, data):
new_node = Node(data)
new_node.next = self.head
self.head = new_node
# Method to print the linked list
def printLL(self):
current = self.head
while current:
print(current.data, end="->"
current = current.next
print("None")
# Method to remove a node with given data
def removeNode(self, data):
current = self.head
if current and current.data == data:
self.head = current.next
return
prev = None
while current and current.data != data:
prev = current
current = current.next
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if current is None:
print("Node with data", data, "not found.")
return
prev.next = current.next
# Method to get the size of the linked list
def getSize(self):
current = self.head
size=0
while current:
size+=1
current = current.next
return size
# Example usage of the LinkedList class
if _name__ =="_main__"™
llist = LinkedList()
llist.insertAtBegin('d")
llist.insertAtBegin('c’)
llist.insertAtBegin('b")
llist.insertAtBegin('a’)
Ilist.insertAtBegin('g’) # Adding 'g' at the beginning
print("Initial Linked List:")
Ilist.printLL()
# Removing nodes
Ilist.removeNode('g") # Remove'g'
llist.removeNode('d) # Remove 'd'
print("\nLinked List after removals:")
list.printLL()
# Printing size of the linked list
print("\nSize of the Linked List:", llist.getSize())
1 Hie fiie 1 3ie &ar:
Initial Linked List:
a->b->c->d->g->None
Linked List after removals:
a->b->c->None
Size of the Linked List: 3
e, 3T linked list AL 'a, 'b', 'c', 'd" STfOT 'g' Ul character data gfed IR nodes insert
HaiedT SO AR 'g' SATMOT 'd' nodes T remove bl 8.
# Node class for a single node in singly linked list
class Node:
def __init__(self, data):
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self.data = data
self.next = None
# Linked List class to manage operations
class SinglyLinkedList:
def __init_ (self):
self.head = None
def print_list(self):
current = self.head
while current:
print(current.data, end="->"
current = current.next
print("None")
# Example usage
if _name__ =="_main__"™
sll = SinglyLinkedList()
sll.head = Node(1)
second = Node(2)
third = Node(3)
sll.head.next = second
second.next = third
sll.print_list()

# Node class for a single node in doubly linked list

class Node:
def __init__(self, data):
self.data = data
self.next = None
self.prev = None

# Doubly Linked List class to manage operations

class DoublyLinkedList:
def __init__(self):
self.head = None
def print_list(self):
current = self.head
while current:
print(current.data, end="<->"
current = current.next
print("None")
# Example usage
if _name__ =="_main__"
dIl = DoublyLinkedList()
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dll.head = Node(1)
second = Node(2)
third = Node(3)
dll.head.next = second
second.prev = dll.head
second.next = third
third.prev = second
dil.print_list()

# Node class for a single node in circular linked list

class Node:
def __init__ (self, data):
self.data = data
self.next = None

# Circular Linked List class to manage operations

class CircularLinkedList:
def __init_ (self):
self.head = None
def print_list(self):
if self.head is None:
print("List is empty")
return
current = self.head
while True:
print(current.data, end="->"
current = current.next
if current == self.head:
break
print()
def insert_at_end(self, data):
new_node = Node(data)
if not self.head:
self.head = new_node
new_node.next = self.head
else:
current = self.head
while current.next !'= self.head:
current = current.next
current.next = new_node
new_node.next = self.head
# Example usage
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if _name__ =="_ main__™
cll = CircularLinkedL.ist()
cllinsert_at_end(1)
cll.insert_at_end(2)
cll.insert_at_end(3)

cll.print_list()
OutPut:
1>2->3->
5.4, Wep: TPl URTY, P YIRAPI - TR FAYUIA , Sbeldil, goud -

ET-IﬁW'\q, ey anfor divefhad Hb eI (Stacks: introduction to stacks, stack

applications - expression evaluation, backtracking, traversal - infix, prefix and postfix
concepts):

TP (Stack):

TP g U Sl WaR 3HTg o el T ol UYH (Last In, First Out - LIFO) IT dwar UTeiH
Hd, f57 Al srelipe Sieadl Ucdh UiRdl HIedm Sl Python HH, T fafae Tgeii-i
ST STOTAT A, S o feree aruRe+ fdhdT collections.deque TSI AR 6.

o o aUEA (Using List)

Uy 9 ol aTiR e T b dR Hal oI, Jdhdl. append() 30T pop() TGdi-! &
HdT Udl.

Uy 97 foRe Sel Wk T HSISGUITST aTuReT SiTdl. IMHe append() 30T pop()
BYSHAT AR HE TP AR D S,

3aleXUr:

fore aruRugi IareRur

stack =[]

& Y@ UTaul (Insertion of element)

stack.append('a’)

stack.append('b")

stack.append('c)
print("Stack:", stack)

& TP HIe0 (Removing of element)

print(“remove element:", stack.pop())
print(“after removal Stack:", stack)

. coIIections.dequeaTCITﬁ

U= | collections.deque BT Udh UHRAT AIRMAIR Sl WD 3Tg o foreuen WU
HAeM 3l 1Y ST Tl Aplae hdl g1 Adlae ®ledl (pop) bl el
(append) Tal. deque dlU=- Tj}%T UpUd gy, 3us ERIIC| Eap] 0(2) Jad (constant time)
D= [bdl .
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3aleXur:

from collections import deque
# deque dTURUTTT IGTERUT
stack = deque()

# g YTeTor

stack.append('a’)
stack.append('b’)
stack.append('c)
print("Stack:", stack)

# YD B0l

print("remove element:", stack.pop())
print("After removal:", stack)

e queue.LifoQueue CIL R
3alerul:

from queue import LifoQueue

# LifoQueue TTARUYTAT SEIEUT
stack = LifoQueue()

# gcP gTeroy

stack.put('a’)

stack.put('b")

stack.put('c’)

print("Stack:", stack.queue)

# TP BTGl

print("remove element:", stack.get())
print("after removal:", stack.queue)
Wb ATINIH(Stack Operations):

o THWI WH(empty stack): TP Rad g BT & NBSYUIRIS! len(stack) == 0 fdar

stack.empty() (LifoQueue Fﬂ?ﬁ) CIEREESIGE

if not stack:
print("empty")
else:
print("not empty")

o TIgEI(size): CHUL AT Ucdhid! T fHBIUIRITST len(stack) ATIRE ST,

print(len(stack))

o Eﬁ'q?gﬁ'ﬁf(top element): =l SRS stack[-1] mﬁ) 3rfor stack[-1] (deque
Ta1) aTaRe ST, LifoQueue TTaT, stack.queue[-1] dTURT.

if stack:
top_element = stack[-1]
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print("Top element:”, top_element)
else:
print("empty™)
e TRl(push) : }CHHH UcHh SNSUIMNTS! append() (FRRCHTAT) SMfOr append() (deque

HroT) AR S, LifoQueue JTAT, put() ATORT.

stack.append(‘d’)
print("After push:", stack)

o 1il\'lil?r(pop) - Topred 2y geh wrevard] pop() (%ﬂ]’cﬁ) 3rfor pop() (deque ‘v'ﬂ'op[)
ORI ST, LifoQueue HTAT, get() IR,

top_element = stack.pop()
print("Poped element :", top_element)
print("After Pop:", stack)

T H AT BTACG(Benefits of Stack):
& WP g Al ST WA 3gd g1 WU GRHIG dHoiedn S SaraH
HRoaTd AT ST Ay s-ad,
& WHHY YcPh JISuard AU HIGUAR Ufchal a1 dhed-d O(1) THI™T 3[dTd,
e ¢ fopdid S THIERT HRdl.
& KPSl WATHY Uch T HHT] T8 HRUGNTS! aTuRa ST,
WHdl g (Disadvantages of stack):
& XHAY TS UHal 330! [ 1 gul e, SMUul THAL UG Vel gch
SIg Xhd Tgl.
& WP R U HRUGRT SFTa= TRTdT 18!, HRUT SATIUT IR TR SR Td ST
TCoh Dleq Al UchId TURL MYV TRoid 3R,
Kb (Stack) UAH-HH Th IUYdd IR 3Mg TRURA SHGUR  (Expression
Evaluation) 31, 3MTUUT Python AU UGN 366 UM HY Rl sd, AEEd WTad
IRV TRTSI JHI,
E@WWW (Exampl of Expresssion evoluation)
SR, I TRHIRM '3 + (4 * 5)° faaRa 311g 3111 A G Sieuardl ATl 3G

def evaluate_expression(expression):
stack =[]
operators = {'+": lambda x, y: X +,
" lambda x, y: X -y,
*': lambda X, y: X * v,
'I': lambda x, y: x / y}

i=0
while i < len(expression):
if expression[i].isdigit():
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num =0
while i < len(expression) and expression[i].isdigit():
num = num * 10 + int(expression[i])
i+=1
stack.append(num)
elif expression[i] in operators or expression[i] =="(":
stack.append(expression[i])
i+=1
elif expression[i] ==")":
num2 = stack.pop()
op = stack.pop()
num1l = stack.pop()
if op in operators:
result = operators[op](num1, numz2)
stack.append(result)
i+=1
else:
i+=1
while len(stack) > 1:
num2 = stack.pop()
op = stack.pop()
num1l = stack.pop()
if op in operators:
result = operators[op](num1, num2)
stack.append(result)
return stack[0]
# 3GTgRUT URTUR
expression ="3 + (4 * 5)"
print(f"Expression: {expression}")
print(f'Result: {evaluate_expression(expression)}")
Output :
Expression: 3 + (4 * 5)
Result: 23
# Eﬂ&‘l‘ﬁ'&'ﬁ% HeY dTel (Calculation of expression value)

result = evaluate_expression(expression)

print(f"QH%lﬁW {expression} dT Hed: {result}")

T 3SRV, “evaluate_expression” FTATAT TR dTUR ST SITal SaTd X dl AR B
CFIURFNIS [AQaTSTdld . TaURE A 3@ ST SfiiRedl Haad &, ol
TRTYR Hed URd e,
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I UDHR, L h TRIHITIE TR 365 gURH Python T T UG Pl SIld.
& WH (Stack) URIHI=THE SdheidhTT (Backtracking) BT U HedTdl @NNRSH 3]
ST IUTNT et oira fafde Tegiean gduTga Fesi= Hruammat. ar sr@mieren
JURT e S0 T Fd SHTST JHTHT UT e T,

ﬁ'ﬁw JqleX Ul (Example of Backtracking)
Id YHTH SRTd faaRAT AT S&T8R0T 93T, MUl fededl ANaR 94 SRt Tyt
qTEddh HRUTTd JdiId.

def backtrack(path, choices):
if len(path) == len(choices):
print(path) # STAT U BT, GHID Th THTT FHIYH
return
for choice in choices[len(path)]:
if choice not in path:
path.append(choice)
backtrack(path, choices)

path.pop()

# SSTERVT: ARTTAR ATEqe® HRUMRT Ut JHTear
choices = [

['Status', 'Choice A', 'Status', 'Status'],

['Status', 'Status', 'Status’, 'Status'],

[Choice A', 'Choice A', 'Choice A", 'Status],

['Status', 'Status', 'Status’, 'Darkness'],
]
print("Backtracking Solutions:") backtrack([], choices)
Output :
Backtracking Solutions:
['Status', 'Choice A", 'Status', 'Status']
['Status', 'Choice A", 'Status', 'Darkness']
['Status', 'Status', 'Status', 'Darkness’]
[Choice A', 'Status', 'Status', 'Darkness’]
& WP URPI -dgad - sATPpT, iftra omfor tivefthad (Stack Applications-

Traversal-Infix, prefix, postfix)

TP UAHIaae coud Rulod [aaruTd o Td UhR 3Med: 3ithay, ffthay, Sftr
URefthad. a1 U RIAT 31 U1 DSl HIEHIqH TH U3,

1. AP (Infix):

b AiGUIHE HTUReR el GiF SISl & 3HdId. 3aIeRUl: A + B,
2. ﬁﬁﬁ'\‘l(Prefix):

Ot AieufiAed sifuver G i SiTavsan 3eft Idl. IGTeRT: + AB'.
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3. UIEfthaT (Postfix):
URefthay Aicufiaed SifRex A=A aF ATR<AT Fd) Adl, 2B "AB +.
# I b FANT: TYYH, 30T TP e T h Ty dUR H&dl.

class Stack:
def __init__ (self):
self.items =[]

def is_empty(self):
return len(self.items) == 0
def push(self, item):
self.items.append(item)
def pop(self):
if not self.is_empty():
return self.items.pop()
return None
def peek(self):
if not self.is_empty():
return self.items[-1]
return None
def size(self):
return len(self.items)
# Test the Stack class
s = Stack()
print(s.is_empty()) # True
s.push(1)
s.push(2)
s.push(3)
print(s.peek()) #3
print(s.size()) #3
print(s.pop()) #3
print(s.size()) #2
print(s.is_empty()) # False
OutPut:
True
3
3
3
2
False

# ST o TR b aRT TYTARUT:
Sthay TRURFAT URe (thal] TFIRMH SUdR BRI Hig [t fedr 3iTe:
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class Stack:
def __init_ (self):
self.items =[]

def is_empty(self):
return len(self.items) ==
def push(self, item):
self.items.append(item)
def pop(self):
if not self.is_empty():
return self.items.pop()
return None
def peek(self):
if not self.is_empty():
return self.items[-1]
return None
def infix_to_postfix(expression):
precedence = {'+" 1, 1, 2,/ 2,": 3}
stack = Stack()
postfix =]
for char in expression:
if char.isalnum():
postfix.append(char)
elif char =="(":
stack.push(char)
elif char ==")"
top = stack.pop()
while top '="("
postfix.append(top)
top = stack.pop()
else:
while (not stack.is_empty() and stack.peek() '="(" and
precedence[char] <= precedence[stack.peek()]):
postfix.append(stack.pop())
stack.push(char)
while not stack.is_empty():
postfix.append(stack.pop())
return ".join(postfix)
# Example usage
expression = "A*(B+C)/D"
print("Infix:", expression)

Maharashtra State Board of Technical Education 100



ST WaRR T UrgYH-313306 Data Structure Using Python - 313306

print("Postfix:", infix_to_postfix(expression))
Output:
Infix: A*(B+C)/D
Postfix: ABC+*D/
# g1t o TRy FuiaRor:
Shay TaIRHa a1 Hfthed TR SUiaR HRUATEl His Wl [l g
def infix_to_prefix(expression):
precedence = {'+" 1, 1,"™" 2,/ 2,'N: 3}
stack = Stack()
prefix =[]
expression = expression[::-1]
for char in expression:
if char.isalnum():
prefix.append(char)
elif char ==")".
stack.push(char)
elif char =="(":
top = stack.pop()
while top '=")"
prefix.append(top)
top = stack.pop()
else:
while (not stack.is_empty() and stack.peek() '=")" and
precedence[char] < precedence[stack.peek()]):
prefix.append(stack.pop())
stack.push(char)
while not stack.is_empty():
prefix.append(stack.pop())
return ".join(prefix[::-1])
# Example usage
expression = "A*(B+C)/D"
print("Infix:", expression)
print("Prefix:", infix_to_prefix(expression))
Output :
Infix: A*(B+C)/D
Prefix: *A+BCD
I HISgR Tl b R] TRURHHT URe (e 30T ffthey TeRHTE S $UTR dH= b,

JEATHS HIUde! UY ST, HIIT i
55 o Al U, Y RIS - 94 B T, S B T (Queues: introduction

to queues, queue applications - breadth first search, depth first search):

Maharashtra State Board of Technical Education 101



ST WaRR T UrgYH-313306 Data Structure Using Python - 313306

o T (Queue): TH T(Queue) § T ST TRTT 31T ALY YYH-SRIAT-UYH (FIFO) HHM
e SISUAT ST HIeuard! WA fel o, 31ufd, queue AEd Tald ufeem gedh
Sreal I df gaid Ulgedid Hledl Sed. I W¥a-al dTdR BRI RS STaTHi=l
HHARIT BT Ud, ST &1 BT B0, BT UichaT, 30T ge-T TR,

Ly AIYRUYT HTROT (Reason of using Queue):
¢ PHARIT 3qU:

> dl gehi HHME! 6d odd (ST Ucdh SISiad 3MTed).
> Y Uyl HRUTTH HHARIT BR-3, The -3¢ (FIFO) Ufhar 3.
< Wﬁ;{ﬁm &I'IﬁTEaE'ESﬁFT (Task Scheduling and event handling) :
> & FYiRa HRogrITat st arufiesdr uarmé! Had .
> 3 IS SRcied e Uihal HRUARIST, BT queue T SITgH SHATIOT
PHARII UichdT H- il Wl e el
& A&-AfET (Multithreading):
> Teel-AfET TaiaifAd HRUGMTET IS I Sl YaTe IH-ad HrRUANIo!
TR ST,
> U YS-RI&A SHASSTauita Sfaid, U 3 IS i LhHe
T Slig fdhdl BHIg YRIGTUU He T,
<> Giﬁlﬁ'ﬁ'—mm(Asynchronous Programming):
> fafay wrafen v e vae IH-ag HRUTRITS! Hed .
> STIXHAY SeSd HTOT SHRIh I UfthaT FRd TS YA B Hraed
30T gfaret dad.

3=t Gayd aTIRTYS UraYe Hel o SHAaSaut Sfid Iugad 3Mfor sralerd oR.

gy A fafay U= o 3ied, T =T afRrsed) S1fYT aToRivTa! avaTe! YR 3R,

Y FHTg! IaTexul el et Smed:

1 .ﬁlﬂﬁﬂ(Simple Queue)

& THAYT el WRAHLE enqueue 3T dequeue BT THIIT dedT STTATG.

& e queue T RAAC! SISG! ST 3T queue =T TYHTGEH HIgdl SIdId, Tl
FIFO (Ufgd Siied, Ufed dled) HHTHR aTdR SR,

& UGYT AH T lists, collections.deque, 3T queue.Queue dIU=+ HHAIIM Td.

Z.Wﬁﬁﬂ(Priority Queue):

& TH queue 318 MY UcH I Il TUHHAT TWRITAR UfshdT drail Sild.

¢ I UYHEHAl Sad Ucdh areid WG SR gedTgal UiehdT HRudrd
Ial

& Uy AH T heapq ﬁl@ﬂﬁm queue.PriorityQueue AT+ HHITd Td.
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3. '\‘Iﬂ?i?l?ﬂ(Circular Queue):
¢ B P UHRAl F Sl WEAT 315, off JHa: Red-ciA Rerid ™ &
Jmi, fife S, ST FATE)) AR oifd. JTYRUT FgAL, ST 7 W S,
deeT 74 Ueh SIS FgHE ST 9d. TR YRR gAY Th GadeR Gal
3{Tg, SATHE] RIAT /ac! T e SlieeaR, SR o Juigul 1R 3¥d, @R o gzl
godTaredl Sl URd ST,
& U 99§ U FiYd-SR Gt fdhdT collections.deque AU AT Ud.
4, WQ@GH{(Deque Queue):
&  Deque fddT Double Ended Queue 8 ST TR 3T SUTHY Uk faaRa 10T Hled
VOIS Rhdld.
& U9y HE collections.deque dIU=- AT U,
5. @RE §9 B 3i1¥¢ & (LIFO Queue):
o LIFO (fddT Last-In, First-Out) queue § ScT IRTHT 38 WOHeY 3ifdH SHeadl gcdh
YT Hled o,
qraYy-d 'F[‘Eﬁ% queue.LifoQueue AU 3T A4,
I TG Gl THRIUET % THR 3Rdrd, ST Jdd USRS Ji faviy
JIRITST TRl 3MTe. Y= o & fafdy SR queues IO Sl IRTT 30T
SFIANTIHED GURON BRI Hed Bl
UTgYHA Y DT HRAAT (How to create Queue in Python)
1. fore ara=a (Using List)
UYTHE Queue SHASITIUN HRUGTH Teb HIUl Ugd 38 dl 3¥cll a¥l giel foe arue
R[ehdl. Ted feReedT RIG I append() HUSTT ATIR e St dl Sirdrd 10T RHTHE pop()

ﬁuSdl dIUR dH = index 0 d¥=- Ohlcsﬂnl vildld. ddIGQUIIHIOﬁI:

# implement a queue using a list

queue =[]

queue.append(l) # enqueue

queue.append(2)

queue.append(3)

print(queue)  #[1, 2, 3]

X = queue.pop(0) # dequeue

print(x) #1

print(queue) #12, 3]

2. collections.deque” dTU=-

URIY=AT “collections’ Al “deque’ (STA-USS RY) Sl AT 3HTg, SATH ATUR Hier]
T SRR VZcae SISV O dUeae Hleuadl & BUH dliR &
R[hdl. 3GIgRURAEU:
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# implement queue using collections.deque

from collections import deque

queue = deque()

queue.append(l) # enqueue

queue.append(2)

queue.append(3)

print(queue)  # deque([1, 2, 3])

X = queue.popleft() # dequeue

print(x) #1

print(queue)  # deque([2, 3])

3.queue.Queue dIU=+

U= queue’ AISIAHE "Queue’ AT 31Tg, SATHT ATIR Hee e Y TR SIS, dhvdll.
g put()’ TUSTT TR H R ITh Sle el I3, bdrd ST "get()’ HUST IR

e R dcd plecd] vllxn Andld. Salexlixdy:
# implement queue using queue.Qeque
import queue
queue = queue.Queue()
queue.put(l)  #enqueue
queue.put(2)
queue.put(3)
print(queue.queue) # [1, 2, 3]
X = queue.get() # dequeue
print(x) #1
print(queue.queue) # [2, 3]
& WraRha ?IGI:I"CIWT\‘[ (Operation on Queue)
1. SIS SMTURRHE(Blocking Operation):
URIYT=T queue Hiedaded sl T SRR WU get() 30T put() TUSY, S Aes
T U IS YA STl led AHAAMT fhdl FHA Sl Sied AT ISl sl HRdld,
TEUISHd 98 Yigad SITdl siudd sfaféra o guf gid Argt.

2. ﬂ'\‘l‘l’{ﬁ '\‘ﬂ'HT(Size of Queue):
maxsize WRMHIR (fhagT maxsize() BYS) ATGTA HIVATE] & HR T bl BlS Adhd. o
U HE@rAT BRI Ugraed ™, 31 Je() fhdiFr aRaR dRaR 3Ry HXd Siegl
ST JUCTsY i, ATl aToR o g 3Hf¥dh Wcll aroRuaTe IRGUiTdl Suged 3Te.

2. T:Rl\_rﬁgﬁﬂT (Joining of Queue):
A queue.join() TYS AT0EA g fobagl 3Hfdh g Siiedl Idid, SY Udd °gch Hlaa
S d faRTY ol
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< TYUT RIS WTeiTd SHTIRRI B bl
3§ Enqueue - Enqueue BT 3TRTM T8 ST 3001 FHY Uk Siredl. SR 7 YUl 3&d R
?TER?EHT 3[R 37Tg. Enqueue HIFCET Rt O(1) 3118,
SR Dequeue - Dequeue BT SHTTRT 318 WY U AL T Uch Hladl. Uh Uch ATl
THTfasta e FaRd gid. SR g Rad fd R o FGAT AT 318, Dequeue T
HigoR Rid 0(1) 3718,
Wic Front - Front 8T S{WW@WW YCH I . Front I HIUGH] RICT 0() 38,
¥3R Rear - Rear 8T 3TRTM UI3IaE U ek Hladl. Rear HIUGH RidT O(1) 3Tg.
1. Y B T (Breadth-First Search):
fa=IaT: T1 T 91U B Y YHR 3MTe SNl HIUATe! Wl fhal TR Fd U RIFTt
SIOIh & Al A1 Jedaal Sl 3Tg. AR, &l Algeldl T
SUINT: I T dTR T, Heddh, Scray fhal SaR Sel IRa-He JRid! meoft Hruga
# 6 MY (Graph Search) 3qIgXUI:
from collections import deque
def bfs(graph, start):

visited = set()

queue = deque([start])

while queue:

node = queue.popleft()

if node not in visited:

visited.add(node)

print(f'Visited Node: {node})

for neighbor in graph[node]:

if neighbor not in visited:
queue.append(neighbor)

# 3QIgr Ul UTh
graph = {

‘A" ['B', 'C1,
‘B ['D', 'EY,
‘C[F],
D[],
E
=

E*[F],
F
}
print("BFS search:")
bfs(graph, 'A")

Maharashtra State Board of Technical Education 105



ST WaRR T UrgYH-313306 Data Structure Using Python - 313306

OutPut:

BFS search:
Visited Node:
Visited Node:
Visited Node:
Visited Node:
Visited Node:
Visited Node: F

2. %WW\%ﬂ?f(Depth First Search):

fa=IvaT: o1 19 S B MY YHR 318 S HIVATG! ASURE = sl M0 AT AISa
gcH TR Td [aagd A8 2, 3for FaR e 94 el g s =t o,
SUANT: I &7 IR AT MU TR ot gk d el WA 3-d, S B |
a?gﬂ B I (Breadth-First Search, BFS) AT S e T (Depth-First Search, DFS) dl
ST Hed WA TR0 THoaa 3B,

EIE‘—I'\&@PI (Binary Tree) 3clgrUl:

class TreeNode:
def __init__(self, key):
self.left = None
self.right = None
self.val = key

# DFS XY Tha’H

def dfs(node):
if node:
print(f'Visited Node: {node.val}")
dfs(node.left)
dfs(node.right)

# 3GTgNUT ATt ¢

root = TreeNode(1)

root.left = TreeNode(2)

root.right = TreeNode(3)

root.left.left = TreeNode(4)

root.left.right = TreeNode(5)

print("DFS search:™)

dfs(root)

Output:

DFS search:

Visited Node: 1

Visited Node: 2

mmogooOw>
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Visited Node: 4
Visited Node: 5
Visited Node: 3
< R
1. Y B T (BFS):
% U&d I ded ceud
% ® (queue) ST TR TRl
2. S B TY (DFS):
% S99 9 cgud
P (stack) ST IR ATAR!
S UBR: Recursive 3T Iterative
IR ISRV qrT BFS 3101 DFS & IRGH $HY STiidc HR1ad d R Wdval. gt

U MARIHATIR § HFNRGH 9 HTH H= bl .

*

o
*

o
*

*

T &t (References) :

https://www.geeksforgeeks.org/how-to-use-lists-as-stacks-and-queues-in-python/
https://www.geeksforgeeks.org/array-data-structure-guide/
https://www.datacamp.com/tutorial/data-structures-guide-python
https://www.youtube.com/watch?v=pkYVOmU3MgA
https://loungecoder.com/dsa-in-python-linear-lists-and-arrays/
https://www.pythonforbeginners.com/data-types/stack-in-python

o arwNRE
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gfe -6
Aq-fafraR SerReR

(Non Linear Data Structure)

oo st (Course Outcome): 1 ST IR AR HRUATTST U UMY fdehRid &l.
Hed o=t (Theory Learning Outcome):

1. U9y Ple areH [afdy UHR&AT ¢ Sel WaeRTd SHdequll Hul.

2. Y HIe e+ afqy ThRaT ¢ sl IdeRaR fafde o=y &,

6.1 ;Pr gl IR BIEAC S (Tree Terminology)

¢l STT TR T T AhedHT 3Tg Sl HIUMdh AR STl TaRITIHTS! aToRel S,
g U& A& d Wy 3Mg Y Sel AIgaa =urd Jredal ol $fr Iaird d6y
3. ITd AL 18, IR e S0 Jd-A18d SRIAd, S TolgR Shedid ST
3T L T80 Wbl 1 ¢t T el IWRRAL e Lol ST0T A1 ArSsiisaat e,

Root

Edge

. \/\ /\\/\/\C\ Level 1
Parent Node ———————:#;KD x /\, \ £ /\\f/ Level 2

Level O

< / { '\/’

P i Ry Y\ J S e
Child Node ----» | ) J Y \\’_ K T Level 3
e /Y C Siblings
s it ~ - “‘a
CLBEres Leaf Nodes

Figure 6.1: Tree data stucture

6.1.1 iﬁ el Wﬁ YcP (Element of Tree Data Structure):
1. € (Root): T UfRdT I8 ST aid aR S,

A8 (Node): TS Tisc S ST Traddl.

TS (Edge): a1 AIS9H Y 3.

WE (Leaf): ST IS DIVdG! A6 ANl

TS (Child): 1S SFIhHld re.

T (Parent): T fohal 31 e 4o re.

T IS (Parent Node): -1 ST AIgaT Ydad Mg Te T Aiedl WRe A8 UK.

{B} 8T {D, E} I1 4o IS 3Tg.

8. dATSGS IS (Child Node): ST ATHIS ITRMUBRT SRITdT S AT A8l
q1gcs A1 WUIdNd. 3aTeRU: {D, E} 8 {B} d dI3ce IS 3Ted.

N o g s~ owDd
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9. ¥¢ I8 (Root Node): HTSTAT Haid axdl 18 fdhal a1 Aede HIvda! URe IS A6l
el ¥¢ A WU, {A} FSHl & A8 3le. R T9ded Jremedl Uh Fc

10. i s fdar mﬁa s (Leaf or external Node): T :hm‘?ﬁ EIES] :ﬁ?ﬂ
AT G A% 8" WM. {K, L, M, N, O, P, G} SITST=dl U1 7T 3MTed.

11.rsdn 1175\_:[ (Ancestor of a Node): I e el AFTaRId HIoTTa! qﬁa?ﬁ
ST AT Ar8d Jaol UIdTd. {A,B} & AIS {E} d Jdol A1 3MTed

12. Rafe T (Sibling): THM Ureish Aig=n o Ryafel wurdrd. {p,g} i Ryafei
TR UIdId.

13. ST UTd&! (Level of Node): ¥¢ TSURT T Aeuddedt AN Sl T,
wc AISHY UIdes! 0 3Te.

14. 3{@d TS (Internal Node): HHIAHH! Th Yo ST AI8dl Sdid -Ie RUIdd.

15. -89 JSTRT (Descendant): T ST UTdd [dhdl JaTA g el AT Aled QIR
T UIdId.

16. &S (Sub Node ): SIS HIUdTa! IS ITAT dRSIE.

Figure 6.2: Tree Terminology

o e AF-fIER SeT o &1 A S

S AL ST SFIH IS Jdi- WIed Bl SIId ATg!,. ANl d 3 TRIoR Haryd Jufed
el ST fdaT SMTU0T UL bl Hi 51 Tb AUNeG a1 3. IT HRUMRGA, Sl A9-ArgR
ST WaR M S,

. gﬁéagaaﬁr Representative:

due T Alg, 301 Y fobar aif¥ieh ¥adt T1, T2, ..., Tk S/ATd B SHAT ¢ ASURH
Td® Ae-led ¢ Aeudd Udh Tel 3d. A8 X =1 Jac e T4 AIed 3¥dld oaId ¥¢
IS WU IS X 3.
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Representation of Tree Data Structure

; ; .'/d_hx\\
: neottioge I }I. \
_____________ J /
| Subtree ; N S . 12
| [EE—— . ‘ v E
| of Tree 4 . J | L '\
! ' 20T k. . T2 | o TK

A R S S A A S SRS Sy .

Figure 6.3: Tree data structure Representation
Python function to represent tree data structure
class TreeNode:
def __init_ (self, value):
self.value = value
self.children =]
def add_child(self, child_node):
self.children.append(child_node)
def __repr__(self):
return f"TreeNode({self.value})"
def tree_to_english(node, depth=0):
indent =" ' * depth
representation = f"{indent}- {node.value}\n"
for child in node.children:
representation += tree_to_english(child, depth + 1)
return representation
# Example usage
if _name__ =="_ main__"™
root = TreeNode("Root")
childl = TreeNode("Child 1")
child2 = TreeNode("Child 2")
childl_1 = TreeNode("Child 1.1")
childl_2 = TreeNode("Child 1.2")
child2_1 = TreeNode("Child 2.1")
root.add_child(childl)
root.add_child(child2)
childl.add_child(child1_1)
childl.add_child(child1_2)
child2.add_child(child2_1)
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print(tree_to_english(root))
Output
When you run this code, it will produce a structured representation of the tree:
- Root
- Child 1
- Child 1.1
- Child 1.2
- Child 2
- Child 2.1

6.1.2 ;‘ﬁ YD (Type of Tree)
1. ST &Y (Binary Tree): U -ISdl SRl SIRd &F drgegd SYdd. SR S,
TS A8l SRl oI & A8 Siieda! 3Ry I, SR S Hla! IHR UHRAE
quf SRT <1, ol IRt <, Sdfera IRt ¢ onfir fesRe fdhar duidiied SRt ¢
e JHTY g,
2. G O ;FT (Binary search Tree): CIREK] Ej?ﬂ Udh foRy geR MY U s
SdIhSdl Ya-IS Bicl Tl ISTdibedl Ja-le HIST 3.
3. TFATd &Y (AVL Tree): ITRI T Sl U UHR Sl Agferd SRl
4. @& (B Tree): § WAl Iferd HRUMR ¢ 318 o faRIvd: Scray 3110 wisd Rreaqsd
CISESASIGH
5. @8t dl(Turnary Tree): S-XI ¢ Bl ¢ 3¢l WaeR 31T ST T AISHL SIRId SIed
A 1SS ASY S dld, HRId: “Sldids”, “He” 30 "Ioldidbe” 3 diF Al 3iewd
NIGIGE
6. SAR® & (Generic Tree): SHR® ¢l § AT TUg 3Ted O UAH A1 Bl ScT WRR
3RTd S YPhie 10T AT d1sce & el gdl. e dwawn JEren faudid, uds
o Eﬂ% SUIRT (Use of Tree):

1. SergRd (Data Searching): CIBER ?ﬁf@ﬂ?ﬁ ST Sldc QYT Ial.

2. ST TR (Data Storage): TRRG T Sl AT STUIRITAI,

3. ST WeH (Dynamic Sets): 3=, TSR Sfor T Tgoids HRuarIa.

4. ST SSfauT (Database Indexing): Eﬂ-?ﬁﬁf STIETHE SlaG RIS aroRdTd.
o dIt 9@ STIRR=A(Basic Operations on Tree):

1. TC (Insert): STHE A I8 ¢ B0,

2. f&dic (Delete): ?ﬁﬂ‘éﬁ%m

3. 9 (Search): ajmﬁwmmaﬁu YOI,

4. TTRUT : 4 AST- THT [ARIF HHM cRyul. (SN 3H3iTex, Waiier, UResiiey)
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SclerUl:
10
/\
5 15

N\
37 20

IR IETERUMG, 10 8 FC IS 31E. 5 30T 15 § 10 o AT]Y 3Med. 5 d Argeqd 3 301 7
3{Tgd, 0T 15 =T TTges 20 38,

&} ST AT STl SIS TaRITIARITS Sidd UHTdT 38 31O T ures fasmrdia fafay
SYANTHE TRl ST,

6.2 ITIRY €t

IORI < U UBRA! Sl WA 3HTg IHH YD ISl SIld SRkd G d3ce a4
3YAId, o "SraT Ages” 3l "Iofal dscs” WUH Hidwd Sdd. aa-s SHe) sl
SRRR®A UG- dredal Sal 1 &g MY, S99, SaRH, samK e gau
SHHdId.

Figure 6.4: Binary tree
simple binary tree structure:
class TreeNode:
def __init_ (self, value):

self.value = value

self.left = None

self.right = None
CIRER]] Tfl% Ycd (Element of Binary Tree):
¢ (Root) : T UfRaT I8 S ¥afd av Rl
A8 (Node): TS Ulge S SeT Jroddl,
TS (Edge): T IS99 TaY 3.
I (Leaf): S 1€ HIUde! Agcs A9dl.
TS (Child): ST SIhUId IS,
WE (Parent): THT fdhdT 3Hf® a-IS @1 ¢ Ale.

o 0k~ wnh Pk
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7. TIafed T (Sibling) : ¥HM tRe RIdT AIgy.
CIRER]] T;ff TR (Operations on Binary Tree):
1. ?F\‘I"«’h (Insertion): '@T[‘r‘ﬁ a1 IS e,
. feefie (Deletion): ?ﬁﬂiﬁ 1€ H1eul.
. T (Search): T TETRNT A8 =Y 0.
. @3’\“?[ (Traversal): T4 :ﬁ?ﬂzﬂ ue fafry oM ﬁﬁ@f
a. S?GI\'I%T @Eﬁ?{ (Inorder Traversal): dAUe - TC - Tlﬁ_c’
. ﬂ’f\?fﬁ'%’?'w (Preorder Traversal): ¢ - AU - lerc
. URC3ER @3’\“?[ (Postorder Traversal): e - WsC - FC

CIRE Ml S ACTAT RV

A w DN

8

/\
3 10
/\ O\
16 14
I\ /
4 713
CRNESARRUIGE
. 88 TCHIS 3.

. 8T AR 3 AT 10 TR,

o3I AREY 1 AT 6 3HTed.

. 6T TASEY 4 AT 7 3Teq.

« 1077 TISTS 14 316

. 1471 TS 13 3.
6.2.1 G‘ﬁ'wmiﬁ% uﬁlﬁf\ﬂﬁ(Representation of Binary Tree using array)
IR S SR T Uit HRugrE! ugd Aidt Sffor guret offg, faRiwa: guiifed
(Complete) dTIRT SHATAY. 3R snumd wfdfAfdard, sl dadia Sy Th sRae
TRTIU 3¢ STArd. SRAE Agudl SIhAfUGT [ARIY Ugd dac Siid [ AIged
RO TR <R ufaffd:
Jalexur:
Teh] 1T SIRI i 38R0l U3
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1
/\
2 3
/\/\
4 56 7

R IR ¢ 3R Ul o giger:

\lCDU'I-hOONl—"ﬂ

31} AT (Structure of Array):
A=[1,2,3,4,5,67]
. ®e IS (1) 3= 0 YR 378,
o IS 2 9 AU ARE (4) 3T 3AT YMIER 38 MU AT AR (5) SRAT 4

RYTTER 378,

. IS 3T Uw A1ECS (6) 3NN 5T RIMIAR 3T AT IZC aReS (7) 3T 631
RYTTER 378,

. SEIERUl

I_0d ¢ 3R gfafAfera(T):

alplclp[Flomlr ][] | [®[ [ [ |

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

Figure 6.5: Binary tree representation using array
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6.2.2 STOIRL '@%ﬁlﬁ o yfafAfia (Linked Representation of Binary Tree)
fiide ufdffI@ (Linked Representation) #& SIIFRI <1 Ud® Aecl Uh Wad sl
L FRIGU AI6dd Sifd, STHE U AISHe] Sl 1O GIF Uised (S1aT SIfor Iod1 ages
Fe FeRId HRUNR) ST, & Ugd faRvd: St et Sada anfor HRga= Ja Hq.
IR ¢ fofe UfafAfd@- Linked Representation
T AI8d T 18 Iqrd (Structure) 3T SIHYH dH geh SR

1. S¢l (Data): :ﬁ?;%ﬂﬂ\?q.

2. STAT ATSTS (Left Child): STaT IS (A3 R1d HRURT UrSeR,

3. I9IdT TS (Right Child): 3571 a1 fAGRId HRUMRT Ulgex.
CIREL] Eﬂ% JQIeRUl (Raxample of Binary Tree):
feies wfafafera (Linked Representation):
gde Aied foiae ufafiida Erdiauam s python A& fdae foe amoeq <&
SeREHRRT UM B STd. TreeNode I S U Ared oo SHTI0T Argcs ot fefd docien
a3,
WIS TSYHT e Sl

1. Define the ListNode class for linked list nodes.
2. Define the TreeNode class that uses ListNode for its children.
3. Create a function to represent the tree

JETENUT : <1 WiAayaT0! feich deiedl Yaia dTuR e URd el SIS, L.

L, Il ol <1 Dol K N [ | [ofln [ |
[vw] + o | [w] s [w] [vo | « [ |

Figure 5.6: Linked binary tree Representation
Code
class ListNode:
def __init__ (self, tree_node=None, next_node=None):
self.tree_node = tree_node
self.next_node = next_node
class TreeNode:
def __init__(self, value):
self.value = value
self.children = None # Head of the linked list of children
def add_child(self, child_node):
if not self.children:
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self.children = ListNode(child_node)
else:
current = self.children
while current.next_node:
current = current.next_node
current.next_node = ListNode(child_node)
def tree_to_english(node, depth=0):
indent =" " * depth
representation = f"{indent}- {node.value}\n"
current = node.children
while current:
representation += tree_to_english(current.tree_node, depth + 1)
current = current.next_node
return representation
# Example usage
if _name__ =="_ main__™
root = TreeNode("Root")
childl = TreeNode("Child 1")
child2 = TreeNode("Child 2")
childl_1 = TreeNode("Child 1.1")
childl_2 = TreeNode("Child 1.2")
child2_1 = TreeNode("Child 2.1")
root.add_child(childl)
root.add_child(child2)
childl.add_child(child1_1)
childl.add_child(child1_2)
child2.add_child(child2_1)
print(tree_to_english(root))

TS TR (Node Operations):
1. STHQT-'-I (Insertion):
. foigs ufafficard, Fa9 s 3R WU A e daR HRu 30T gy feaoft
Uigey JHISId HRul,
2. f&ette (Deletion):
o f&dllc HRamn @ e discy Jeqd HeU HaAH 3d AU IaRd Argd
GG DRI AT S,
3. 9 (Search):
o ¢l cpuaa fafay UG- (O 3sier, Wisiiex, URe3HIeR) Taxad -Aredl MY ol
.
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4, aﬁ'@fﬁ (Traversal):

o TR ¢ CRHA HRAMI iF YT UHR aT0Ra STl

1. 3?31@ @%ﬁﬂ (Inorder Traversal): AT - ¢ - Tlg_c’

2. Iﬁ&lﬁiw (Preorder Traversal): ¥=¢C - e - Qléc

3. ORe3TeR @%ﬁﬁ (Postorder Traversal): e - TI%‘C’ -xc
1.s=raﬁ’:s"\r aﬁﬁﬂ% function (Python 'F[%a):

def inorder_traversal(node, result=None):
if result is None:

result =[]

if node:
inorder_traversal(node.left, result) # Visit left subtree
result.append(node.value) # Visit node itself

inorder_traversal(node.right, result) # Visit right subtree
return result

R IR, Tl TSR ¢RUd § U4 ATl Slaih e Soldidha caguHATor uRumy
ey fiic @vd.foiae ufaffda st S fafay o= gaay &d 1o g SRaAn
faRva: wifee Ser TR=mT 3nfdr s nRerard! Jeantt 1.

2. Waiisy aﬁﬂﬁ function (Python 'F[‘iﬁ):

def preorder_traversal(node, result=None):

if result is None:
result =[]

if node:
result.append(node.value) # Visit node itself
preorder_traversal(node.left, result) # Visit left subtree
preorder_traversal(node.right, result) # Visit right subtree

return result

3. TR 3ATSR aﬁﬁﬂ function (Python 'F{?ﬁ):

def postorder_traversal(node, result=None):

if result is None:
result =[]

if node:
postorder_traversal(node.left, result) # Visit left subtree
postorder_traversal(node.right, result) # Visit right subtree
result.append(node.value) # Visit node itself

return result

6.2.3 ATGL 'gfl%rW(Types of Binary Tree)
IR ¢ fafgy geR sied, udieTa ARy Turerd sifor Sean sied. WeiayAm g-d
SR S UbRidgd Alfgd! faet o
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1110f‘q'rq=|ﬁ;9r (Full Binary Tree)
o U SR S UAP IS dl G [hdl YA d15cs 3. T, Td® 18 fodar
R G AZe]d AT fhal d T ol A I
JalerUl:

o ‘@

~

»

Figure 6.7: Full Binary Tree

2. tlﬁ'lIUf CILEE]] iﬁ (Perfect Binary Tree)
JH AR 3.
JalerUr:

Py
Iy

o
o g 00
Figure 6.8: Perfect Binary Tree

3. quiiferd SRIART € (Complete Binary Tree)
o JUIfhd SR ¢IAeD, Ydeadl dad diesdl ¥d dad quigol HReledT Sdrd, Sfor

Qe dad Sldidh g Suldids HIadl! 3R,
Balsqul
o o
N v
\
™ \4 L/ o

Figure 6.9: Complete Binary Tree
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4. ST | ﬁ (Binary Search Tree)

o TETI T ¢ (BST) UH ORI UHRAT T-RT ¢ 3R AW UI® Ared! =it = 1
A B! SdIbSdl a-le (subtree) T AISUET HHI JedTd SRIA AU Iofdiebedl
eTS T ATSUET SIRd HedTd 3.

|

5<8 8<12

—_ ’ RN
- e "
/ \\ / \
/ : I \
I 28 gez / A28
1 \ 1
II@ @l |I ll
|
|
\ .
6<7 I !
\ / \ !
\ \ F
b Y / \ /
% 7

13<16 16<20 .
== - ~ oy

- . -

Left subtree contains

Right subtree contains all
all elements less than 8

elements greater than 8

Figure 6.10: Binary Search Tree

5.¥gs CIPET] fo (Skewed Binary Tree):
o TS TGRS BT TE ST U UBR ST,
o WgS ¢ 3 faRy UBR 3med
1. A% s CIRE ] iﬁ (Left Skewed Binary Tree): g1 373t s SIRERY ff 3{T8d
WA ¥4 AleuH e S1d A58 3Id. B SIodT dTo[d dusd o] ¢l 31T,
2. 399d TGS T € (Right Skewed Bibary Tree): 31 3=t TS S-RT <1 3Med
ST 94 AT A1 A18cs 318 fhal d1sced ATel. &1 Jorcd STo[d ad™d SRIo! ¢f

o8

®
@

Left Skewed Binary Tree Right Skewed Binary Tree
Figure 6.11: Skewed Binary Tree

Maharashtra State Board of Technical Education 119



ST WaRR T UrgYH-313306 Data Structure Using Python - 313306

7 fafay gerea It domes fafqy ot THwieR gHTdt 3o Hriem Iurd Teor
U 8. Ud® UbRAl IRt < fafky sHuiige) araRe Al onfor e favy
TUIYHIeS ST WG, RNYUI, 30T AR HRO gaH Bld.
6.3 ATA-IRL gfr iﬁﬁﬁ (Binary Tree Traversal)
TR € Creeda U UeT ARy M st dnelie Od Aiede el Quarh Ul
SR ¢ CTeea e dla! TG UGl e d:
. S?GI\'I%T gﬁ'\‘fﬁ (Inorder Traversal): AU - TC - TR_C
. ﬂ’f\%ﬁ'@»’?@'\‘fﬂ (Preorder Traversal): ¥ - AUT - lecc
. URE3ATSY @'\‘fﬁ (Postorder Traversal): AUE - s - FC
. T3S TN
1. E&%Eﬁﬁ (Inorder Traversal): 39-31T8X ‘g@ﬁaﬂ?ﬁﬂﬁm AU - T¢ - e AT
HHH TRy ol SiTd. JraT 37, AUYH ST Tac ol Ty [Gdl Siid, Hav ¢ Aredr ST
Qact JofeAT Facid.
SrANTYeH: .
1. STl gaciel gogd .
2. ®CAISd TRy H.

3. Il gacidl cey .
Python Implementation:
class Node:
def __init__(self, key):
self.left = None
self.right = None

self.val = key
def in_order_traversal(root):
if root:

in_order_traversal(root.left)
print(root.val, end="")
in_order_traversal(root.right)
# Example :
# root = Node(1)
# root.left = Node(2)
# root.right = Node(3)
# root.left.left = Node(4)
# root.left.right = Node(b)
#in_order_traversal(root)
#Output: 42513
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2. Wi-3iTex cgda
TH-3iTeR CrRiaHe AIgHdl ¥¢ - UUC — 5C A1 HHM ™ fa! oIId. JIUYH = el
SrANTYEH:

1. =c Aedl ey o,

2. ST A TRy .

3. JorHl qacIdl Ty B,

Python Implementation:
def pre_order_traversal(root):
if root:

print(root.val, end=""
pre_order_traversal(root.left)
pre_order_traversal(root.right)

# Example:

# pre_order_traversal(root) # Output: 12453

3. URe-3HT8R egdd
URe-3{Te} CredaHe] AIgydl d0e - ¢ — ®c I HHM <&y fadl Sld. UYH ST
TqECHdT, Ao IoreT Gacidl ST RIae] ¢ el <@y faa oild.
SAATNEH:

1. STl gaIdl TRy .

2. JoTHl qEcIdl Ty B,

3. ¢ ASdl TRy B,
Python Implementation:
def post_order_traversal(root):

if root:
post_order_traversal(root.left)

post_order_traversal(root.right)
print(root.val, end=""

# Example:
# post_order_traversal(root) # Output: 45231
1
%
2 3
/\
4 5
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2IIT'@'F[@E[:
. TS 1M

o 17 STCAT STSLQT 2 3101 ISTedT ST[al 3 318,
. 2] TSI ST[AT 4 STfO1 ISTeT ST[Al 5 3G,

1. 37-318R gTedd (@R - T - W4T

Traversal Order: 4251 3

2. W-3TER TG (F< - AU - AEQ)
Traversal Order: 12453

3. e - TSR TTgd (AU - WRE - &C)
Traversal Order: 45231

Python DI IEEIU

& TR HRUTMTS! 1T fafqy ST HRUaS! uayH $is:

class Node:
def __init_ (self, key):
self.left = None
self.right = None

self.val = key
def in_order_traversal(root):
if root:

in_order_traversal(root.left)
print(root.val, end=""
in_order_traversal(root.right)
def pre_order_traversal(root):
if root:
print(root.val, end=""
pre_order_traversal(root.left)
pre_order_traversal(root.right)
def post_order_traversal(root):
if root:
post_order_traversal(root.left)
post_order_traversal(root.right)
print(root.val, end=""
from collections import deque
def level_order_traversal(root):
if not root:
return
queue = deque([root])
while queue:
node = queue.popleft()
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print(node.val, end=""
if node.left:
queue.append(node.left)
if node.right:
queue.append(node.right)
# Example usage:
root = Node(1)
root.left = Node(2)
root.right = Node(3)
root.left.left = Node(4)
root.left.right = Node(5)
print("In-order Traversal: ")
in_order_traversal(root) # Output: 42513
print("\nPre-order Traversal: ")
pre_order_traversal(root) # Output: 12453
print("\nPost-order Traversal: ")
post_order_traversal(root) # Output: 45231
print("\nLevel-order Traversal: ")
level order_traversal(root) # Output: 12345
1. Traverse the following binary tree into preorder, postorder and inorder.

Root

7\ VAN

Left Subtree Right Subtree
Figure 6.12: Example

Inorderr D - B—>E—>A—>F—>C—>G
Preorderr A—-B—->D—>E—>C—->F—>G
Postorderr D  E—-B >F—->G—>C—> A
2. Traverse the following binary tree into preorder, postorder and inorder.
Inorder: BDAGECHFI
Preorderr ABDCEGFHI
Postorder: DBGEHIFCA.
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Figure 6.13: Example
3.Traverse the following binary tree into preorder, postorder and inorder.

Figure 6.14: Example
Preorder:100, 20, 10, 30, 200, 150, 300
Inorder: 10, 20, 30, 100, 150, 200, 300
Postorder: 10, 30, 20, 150, 300, 200, 100

4. Traverse the following binary tree into preorder,postorder and inorder.

Figure 6.15: Example

Preorder Traversal :B,A, E
Inorder Traversal :B,A,E
Postorder Traversal : B, E, A
6.4 AT T &1 (BST) TeUTS B2
ORI 9 ¢ (BST) & S-RT Sl U A=Y TRl oA 318 W Ud® Aied! dlal
aRreed ST

1. A% AISHe U PI-Hed 3.

2. U Ared aIF Fa-Is (left child 3TTOT right child) ST,

3. I Ared! [ I Faciadd 9d Argyd &1 Jed ¥ A8 &) Jod Uall HH

3.

4. I AISd! FaC T TG ArgH B o T AST DHIUSHT SR 3.

5. TP e Wd: U Sia-8! 99 ¢f 3T,
CIBE RS E Kol RS TA R
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8
SN
3 10
™ ™
1 & 13
¥ A W
4 T A3
IR T Sear gayd SITRR=:
1. ﬂ?f(Search)
2. ﬁ'c:(lnsert)
3. %EﬁE(Delete)
1. 9 (Search) TR

BST A TWEIG! B! Td TRUANIS], T ASURT & H& JIad W IR Hedl
NIGIGE
e GRS None &@ﬂﬂ?ﬁﬁﬂj\q'@ﬂ%ﬁqﬁﬁ
o SRAISH B MY AT HIIRTT S IR LMY goi.
o SR XMYT FcAc DI ST DHIUET TG e TR STl Fag TS QM.
o SR MY fGici Bl ST BIUGT HIST 3RS TR ool Jac HS e,
Uy His:
class Node:
def __init_ (self, key):
self.left = None
self.right = None
self.val = key
def search(root, key):
if root is None or root.val == key:
return root
if key < root.val:
return search(root.left, key)
return search(root.right, key)
# Example usage
root = Node(8)
root.left = Node(3)
root.right = Node(10)
root.left.left = Node(1)
root.left.right = Node(6)
root.left.right.left = Node(4)
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root.left.right.right = Node(7)
root.right.right = Node(14)
root.right.right.left = Node(13)
key =6
found_node = search(root, key)
if found_node:

print(f"Key {key} found in the tree.")
else:

print(f'Key {key} not found in the tree.")

2. ?F\‘I?f (Insert) ST
BST A TEIC! &1 SIC HRUIMIS], WIEd W SIERUI Hedl ST
1. SR 3 Rt 3id @ 7dH 1S 81 % Are §dl.
> CURN Yo aTd H, Il STURTAR Y YT eI,
SR P AlSwl DIUE HHT SR dR STl FacHE .
R P A1SeT DIUEH SR 3 dR ISl FadHed .
. Oy R 3BT i 1S TR H.
Uy $is:
def insert(root, key):
if root is None:
return Node(key)
if key < root.val:
root.left = insert(root.left, key)
else:
root.right = insert(root.right, key)
return root
# Example usage
root = insert(root, 5)
print("Key 5 inserted in the tree.")

feelic (Delete) 3TRTH
BST HeH THId! o] {Selic HRugmral, Wicid W HIIRUI Hedl ST
1. f&diic HRugr I =T,
2. IS O RUcUD! THId 3e:
a. Hted PIVIde! s ATEY (leaf node): ST AT BIgH T,
b. Ared THd facs 37 TSl AT AR A Sadd <lbl.
c. e g fIes oNed: S9N YacHed qaid HH B el e
(inorder successor) e dafd clohl 30T HeR successorcll hlg- Clhl.

U W

Ty Bis:
def min_value_node(node):
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current = node
while current.left is not None:
current = current.left
return current
def delete_node(root, key):
if root is None:
return root
if key < root.val:
root.left = delete_node(root.left, key)
elif key > root.val:
root.right = delete_node(root.right, key)
else:
if root.left is None:
return root.right
elif root.right is None:
return root.left
temp = min_value_node(root.right)
root.val = temp.val
root.right = delete_node(root.right, temp.val)
return root
# Example usage
root = delete_node(root, 3)
print("Key 3 deleted from the tree.")

§ IaIERU IRI T S TMY, S AT fSaile TR &Y HH HRald § a=ifdd.
BST Bl U HRI&H ST TR 3118 Sit fafae SrauranTiae aroRet ST,

Binary Search Tree Solved Examples
1. Construct a Binary Search Tree (BST) for the following sequence of numbers-
50, 70, 60, 20, 90, 10, 40, 100
When elements are given in a sequence,
o Always consider the first element as the root node.
o Consider the given elements and insert them in the BST one by one.
The binary search tree will be constructed as explained below-

Insert 50-

Insert 70-
As 70 > 50, so insert 70 to the right of 50.
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Insert 60-

As 60 > 50, so insert 60 to the right of 50.
e As60<70,soinsert 60 to the left of 70.

Insert 20-

As 20 < 50, so insert 20 to the left of 50.

Insert 90-

As 90 > 50, so insert 90 to the right of 50.
e As90> 70, so insert 90 to the right of 70.

Insert 10-

As 10 < 50, so insert 10 to the left of 50.
e As10< 20, soinsert 10 to the left of 20.

Insert 40-

As 40 < 50, so insert 40 to the left of 50.
e As 40> 20, so insert 40 to the right of 20.
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Insert 100-

As 100 > 50, so insert 100 to the right of 50.
e As 100 > 70, so insert 100 to the right of 70.
e As 100 > 90, so insert 100 to the right of 90.

Figure 6.16: Example
This is the required Binary Search Tree.

6.5 &1 eI wead fafay sy mued aruRer 9Idl. ¢ WAl drat UM SuanT!
Tdl @t foeft \’rﬂ%: (Use of Tree data Structure)
1. B1gd R (File System)
o WA RcHAe T Sol WaRdl dR Hed bR AU Biceud! sARPId
CFRRAL AR el ol
2. e §SfRAT 9database Indexing)
o STEYTY ST TSR HRUINIS! B-Tree 10T B+Tree RWAT oI Sl ARl dlR
Bl STl TS S BT ared.
3. FHTFA SATIOT YRR (Compiler and Parser)
o HUEAUAYT RicHT ¢t oMt sistcae Rica ¢t (AST) § ¢ Sl R WeUTd
3RIATd of AN Dled [aReryor FHrara.
4. SIS @M (Routing Algorithm)
o FCTH AHCT HENNRGHAL Tl WaaRdl AR HE el 0 Ja-cad! HawT
bl .
5. fefpRrad sefemis (A1) smfor #=fta @ (viL)
o Al 30T ML Aefia fofg _gpf (Decision Trees) &1 U AT Sl RN 3T STl
TR FIHROT 30T HiTSaTuft FHRUarTST Hal ST,

6. e HA Fﬁﬁﬁm 9haffman Encoding)
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e THEA TAHISTHE §HH ¢l STl RN AR H&d Scl YHdd 1 b Wil
7. AT gt (Social Network)

o TR ACafhT Agcad o e ¢l Waer dad ol
6.5.1 THIURH ¢l U H1A?
TR 'gp[ (Expression Tree) &l Sal R 3{Tg SN TfOra TaRuRE o wfafAfera s,
TRUYA AT ¢ 9da Ueh 3O 3 al 301 YA Hidke S (internal node) &
JHTIRER 3ALIGTH AEH (leaf nodes) § STIRCAT HTIRIGH (operands) SRITG.
IRy, (3 + 4) * 5 7 F TARIURH 13T THRIURM T ST SR

FAAY
+ 5

/\
32 4

IR TRIURMA S, * g TS 31g. * =T STl dI9dl + SHReR e, W RIS 3
3TFOT 4 3T, * =T ISTeH SIS[ET 5 3G
IR UT JETAT T YR AU (traversals) TTAYHT TRd:

1. QdsH (Preorder) EMAUA: ¥C -> AUC AI8-> Ve A1

2. HYHH (Inorder) Eﬁﬁﬁ: AT IS -> =€ -> Qléc TS

3. GWRPH (Postorder) TMAHT: AUC IS -> AsC IS -> T
RIS TFADRUT G&Td TTTI R WA TATHT SR

. TO%hH CIaud: * + 345

o HEHH AU 3+4 %5

o JURPH AU 34 +5*
TR0 ¢ fafdy nitrda anfor wenfE T Jeged oMe, S B S iBRu
HeUHIUA (evaluation) 30T BT STRRE (code generation).
STl TWFERAH THRIUYH ¢ Jured

o SIS 75H TAH TSUgR cRIfad STard. § TIRS 78! SRR TR Sdrd.

. Dihe TR, URefhad TaURNT ST SAMhe TR HedihA

HRUGTS! TRIURM ¢ S hall SIS e,

JAANNGH THIURM ¢ TUR HIUATATS! SANNGH
1. QTEFQQF[ SIdnlor>§-1 3odihs Wb P, (Scan the expression from left to right.)
2. IRE edN, HaR T HULSHTS! Th IS TR DRI IO AR Lh T Gahar 1.
(If an operand is found. Then create a node for this operand and push it into the stack.)
3.3 HTEH N, WHHYA G gy UId BT 310 IR = 1S TUH 30T &H
3{TICH STAT 0T IoTAT SISl 97 Uh IS §9dl. W hHH TdI I8 T D,
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(If an operator is found. Pop two nodes from the stack and make a node keeping the operator as
the root node and the two items as the left and the right child. Push the newly generated node
into the stack.)

43T 3T URE [ fadi=l act dghudd aiid G axure goRIgel $HRd
Xol. (Keep repeating the above two steps until we reach the end of our postfix expression.)
5. XHAY AN e TRIURH ¢l ¥ed UidHfda ®Rdl. (The node that is left behind in

the stack represents the head of the expression tree.)

3grexul

1. Draw the expression tree of given expression 7 + ((1+8)*3)

T
s "y
+ )
J
Ay
L R
TN PN
a8 { w ]
x\ J
L
e - P uk__:(\
e e,
i ™ e \‘.
=] | 5
.
— g e

4 . Draw the expression tree for (a2+2ab+c2) + (p2+2pg+r2)3

Let’s rewrite expression with operator as
(a"2+2*%a*b+c2)+ (p2+2*p*q+1"2)"3
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Write a python program to generate binary tree
class Node:
def __init__(self, value):
self.value = value
self.left = None
self.right = None
class BinaryTree:
def __init_ (self):
self.root = None
def insert(self, value):
if self.root is None:
self.root = Node(value)
else:
self._insert(self.root, value)
def _insert(self, current_node, value):
if value < current_node.value:
if current_node.left is None:
current_node.left = Node(value)
else:
self._insert(current_node.left, value)
elif value > current_node.value:
if current_node.right is None:
current_node.right = Node(value)
else:
self._insert(current_node.right, value)
else:
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print(f*Value {value} already exists in the tree.")
def inorder_traversal(self, node, visit):
if node is not None:
self.inorder_traversal(node.left, visit)
visit(node.value)
self.inorder_traversal(node.right, visit)
def preorder_traversal(self, node, visit):
if node is not None:
visit(node.value)
self.preorder_traversal(node.left, visit)
self.preorder_traversal(node.right, visit)
def postorder_traversal(self, node, visit):
if node is not None:
self.postorder_traversal(node.left, visit)
self.postorder_traversal(node.right, visit)
visit(node.value)
def print_value(value):
print(value, end=""
# Example usage
bt = BinaryTree()
values=17,4,9, 1,6, 8, 10]
for val in values:
bt.insert(val)
print("Inorder Traversal: ", end=")
bt.inorder_traversal(bt.root, print_value)
print()
print("Preorder Traversal: ", end=")
bt.preorder_traversal(bt.root, print_value)
print()
print("Postorder Traversal: ", end=")
bt.postorder_traversal(bt.root, print_value)
print()
Output:
Here's the complete output:
Inorder Traversal: 146789 10
Preorder Traversal: 741698 10
Postorder Traversal: 16481097
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Hau '\‘Fﬁ (References) :

1. https://www.codecademy.com/learn/learn-data-structures-and-algorithms-with-
python/modules/trees/cheatsheet
https://www.tutorialspoint.com/python_data_structure/python_binary_tree.htm
https://youtu.be/-xJvpnenx6Y?si=D1_HbreWMnWzXv55
https://www.pythonforbeginners.com/data-structures/tree-data-structure-in-python
https://www.programiz.com/dsa/trees
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