1010101010
0101010101
1010101010
0101010101

L]
cee ®
WMEEE X |
. EE N XIIT]
c+ 200000009
*°2 000000000
c20000000000
s 200000000008




10110
01001
10101




Basic S'l:*r'ing ngemfcions

S{w'mas are sequences of characters enclosed in single quotes (ke

double quail® 47" " ) ror triple quotes (''' '’ ""\'V ).
No. OPe-rod:Ion :DescrIPHOn Exo.mPLe.
Joins two or more strings 1. = "Hello"
1. | Concatenation (+) J /g i
into a slnSLe s*hr'mﬂ 3 S& '® 1 :
si +/52° —~ HelloWorld
2. Re.Pe.'El.'E.Oh (*) RQP&&£5 'H‘\'e. S‘b‘l"lnﬂ n s = Pﬂfhon
number of +times. S #3 — IPt]‘l'.hc}'npﬂ'l:'ﬁmcm'1:>-‘._I-J1.:]rvcml
T 2 Access o chavacter ot D Pﬂthonl '
5, ncle.xmﬂ fi slio] = 'p
o SPe,m i index . 5[3] i ‘h'
. 2 Access characters from 5y Pﬁthonl :
L. Neﬂajcwe Inde.xmﬂ } Sl-1180—>'|'n
'H\e. e.'nd o-'; the s’crmﬂ o o
n[Col —
st Extract o part (Substrinﬁ) B\ Pﬂkhonp"’oﬁrammw:‘ﬁ
5. Leing : i s [076 1A %>« Python
O o S flns . S [6 g 16] S 1 Pnr-osnram t
Membe'rshT.P Checks W o Substﬁns s = "Hello World"
6. (f.n e 'm) exists in the S{‘.'t‘;hs "Hello" in s - True
’ or not. "Hi" not in s = True
1 P i (Le.'n ()) Returns the +total number | 5 = & Pﬂ-lzhon 3
) 3 of characters in the SJc'rInq. len (5) - 6
g ComPo:rT.son ComPo.res two strings sig= dopple , s2 = bonana
. (== N /[ <=) lexico ral:;h{c.all : (& W e
R o | J J sd == g2 — False
. Strings are Ssequences of s = "ABC” Output :
q. S‘l:'rmﬂ o5 Se«:"ue.nce 3 p 4 -Fo'r 27 ind A A P
chavocters (iterable) . B
P'rf.n{: (ch) c

- Note :

ll Indexlnj starts from O.

. S{'.‘r;.nss are immutable (c.o.nnojc be c,lmo.nﬂed) .




String Indexing and Slicin

;& S{:r'm& Ind.exin&

. Ind.exinﬂ meons a.cc.e.ssT.nS o character Exo.mP\.e.: g = : Pﬂ‘h'non i

ot a sPe.c.'rF'u.c. Fosl‘l:?.on n a s‘c.r‘mﬂ 5

e In PS{‘.'non, the first character has index O. Index 0 1 2 3 L 5

. Negqﬂve T.nd.exins is used *to occess s[i] P y H h o n
characters from the end of the string. .
J g B¢ Y ol ECH VS
Index
Exa.mEl.e.s :
1) s[o] = ‘¢! (£irst chovacter) RS TR S O AT O D N NN
2) s[3] - 'K iNo{:e. 1
3) $bk~11 = '» (last chavacter) : e If we try to access an index outside i
) s[-2] = k% ! the range, P:.ji:hon vaises an IndexEvror. E
5 sl=6] = ' ( fivst c.ho.ro.cier) i . Ind.e,x'l.nﬂ is used to oaccess o s'nns'Le. i
1 i
I |

character .

2. Sbrinﬂ SL'Lc.'mﬂ
. SLicina s used to extroct ‘o Path, (su'bs{:rins) of a s’c.r'ms.
o Tt is written in the form’ - | s [start : stop : _c,tf__Pju Example : s = ll?:_jj\:ht?n—l

staxt — 5’car{:7.ns index (included) T odes 0 1 2 3 L 5

sjc.oP = e.'ndlnﬂ index (not included) el P y + h o n

S{:e.P — s{:eP size (default is 1)

Neaative
s P AR 1S = s )
Examples of Slicing :
1) sifo: 3l 2N, Pyt * (from index O to 2)
2) sii2is] = " tho" (from index 2 Ao &)
3y sLiuT g . PHH‘ : ( from start to index 3)
4) &3l = " hon ( from index 3 to end. )
5. a3l - g Pat'hon * ( whole S'Eri'na)
) ol k) - " Pto" (s’cep of 2)
3 sls:-A4l o/ X hoh'c:]?" ( veverse string / backward slidns)
g) sl5:1:-1] = "noh" (backward, slicing from index 5 to 2)
et e ke o e e e 5




Sjcring Formcd:’cing

S{:rins Formaiﬁna is the process of Inse'r{:'mﬁ values inside Pl,ac.e'nol.d.ers

(Plo.ce.ho'l.de.rs ore special sambols which ﬂe."ts rePl.o.ced. with  actual values)
to produce a formotted string .

i Usr'ms % oPera:l:or (Ol s-h:j\.e. -Fo'rmo:l'.{:ins)

Sﬂn‘i:.o.x : " formot 5’(:1‘1113 % % volues
Exo.mBl.e, :
name = " Amit" M:
e = 20 §
s =" I"'Ivd nome is %s and I am %d years old." % (nome, uae.) M:j name is Amit and I am 20 nenxs old.
P'r'mle; (s)

Common Formok SPec.H:le.rs :

Specifier Meaning Specifier Meaning
%s String %x Integer (hexadecimol)
%d Integer (decimal) %o Integer (octol)
%f Float %% Prints % sign
%c Chorocter % .nf Flook with n decimal  places

— e e e e

_%_._ Usi‘nﬁ SJC.T.'FOTMO.:E() method (Ne.w s’c.\ljl.e -Forma.{.ﬂﬂs)

| _E}:dnTc-a: _l: " format S‘Erinﬁ I] ", formakt (vo.l.uei, voluel, . .2
Exa‘mEte :
gt :
nome = " Awit" 2oy
age = 20

s = 5 Mﬂ nome 15 {} Q.nd I o {} 520."5 QL&..“."FO‘I’W\G.{;(“O.T\'\E, Gﬁ&) MS s AML{—. Qnd I Lotk 20 33-0-1'5 Ou.

Prinf ( s)

& Uslnﬂ £- s’cr'mﬂ ( Formatted string literols ) (Pﬂ‘l'.'non 3.6+)

§3ﬁ+._o.>; = £ " format si‘.r‘ma {axFre.ssiani} {exPresstonQ.} Tosn
Exo.mELE. .
" g 0 Ou{:EU.'I: w
noame = Amtt
oge = 20 3 3
s = £" M:j nome is {nome} and I am {aae.] years old." Mﬁ name is Amit and I om 20 geors old..
Prin’c (s)
Notes : Example (Width & Precision’ with format) :

s 7 operotor is old and less preferred now.

o Sl 18 were Uletile ard Bebdable,

. F-s'crlnas ore fostest, most readable and
Fre&weni in modern ?3‘];'n0n.

x = 3.1445926 Output :

s = "Value of P'L is {..l-c}".ﬁormo.‘l:(x) Volue of PI s 3.14%
Prln'l:(s)




Commonlg Used Sjcring Methods

Sjcr'ma methods are in-built functions thet Pe,r-l:orm cPeroﬂchns on s’crlnﬂs

and return a new 5‘]:1-[\'13 or result.

No. Method Descrlpﬂon Exampla
4 P () Converts all characters to - PﬂThOn %
lowercase. . glici-4W + ' Python :
9. upper () Converts all characters to s g PﬁThOn 5
uppercese . . u.PF-e.r{) &/ IPyrHON'
3 C.O.P[ Lahian [3 Converts the Ffirst character s A P-d'l:'non onaro.mmins "
to uppercase, vest lowercase. s. c.aPH:o.llze.() — 1P5'H~\on Prosramm[nal
4, Litle O) Converts the first character of B Pﬁthon Prosro.mmina :
each word to uppercose . s.title() — P:j{‘.hon P\'OSTO.mm-LnSL
g swapcase 0) Squs lowercase to uppercase T PdThOn 3
ond. vice versa. S. swapcase (}y —= PYi’.HoN g
6 g ‘I.'.flp 0) Removes lead.lna ond. i:ro.i.l.ins s = " helle "
whitespace . s.strip() =  hello’
F. LS'EY'LP O Removes Le.o.d.lng mhlteslao.c.e.. s = “hello *
> LS"C.‘I"IP( IN= 'helle
3. 'rer:r;.F- () Removes Jcroil.i.na whi‘l:espm. s = " dello "
5. 'rsi:ripf ) = hello'
9 gl e (ol.d. new) Re.Fl.o.c.e.s all occcurrences of s = "hello world"
F : old substrinﬂ with new. 5. re.PLcu:e (" borld™, " Pﬂthon" )
=  'hello PU‘c'non'
-3 SPLIJCS H"\e. 5{1’:.1'\ 'LﬂJCO a LLS'{. 0; g = " L L,e,, bc\nqn{x,mg_n o“
10. SPLLJC (56'P) Substrinss bﬂ Eepo.ra.tor sep. x LH_'(..P..P) & ekl Ibinm[ -
(defoult  is space). =k . s f J
1. SRy PR Y Joins elements of an iterable gls) TEs
join (iterable) (separated by the string). s et [ o, 06" e ) s gl
: Returns the Llowest index of the = e u
12. find (5&5) substring sub. Returns -1 if " . "e i uiorl.cl
not 'Fou-\'\d. h 5. -Fl.nd. (: world ) —> [
5 Returns the highest index of the = e T
13. Y-F"nd' (S-U..ID) substring sub. SRel:u.rns -1 ¥ ¥ . ¥ ” “0-
not  found. S. r#md( L ) = 4
RQ%U.'I'“S ‘H\E. “L.L\"nbe.f O‘F OCLUYTYences g = ¢ anQna-“
14. C.Ol.l.nt (sub) of Subst\'f-ns sub. 5. count ( 0" ) i 3
. . Checks W the 5":.rf-.n3 storts s = "hello world"
15. | sterteiSCNGEMEP ] e specified prefix. ¢ U th (JrellolD Y True
. . Checks if theo string ends s = "hello world"
16. | endswith (suftix NS "G specified ~ suffix. s.ads DL D)) 0 True
. Returns True if all characters 5 = "“Puthon'
1%. I.So.tPlno_ (} are a.lphabe.’cs g 5. LSCLLpht'a ) “» True
. g Returns True ¥ all characters 5 = ‘g20fs ¢
18. LSdLSLt ( ) are digits. s. isdigit (3 — True
. Returns True f all characters 5 = "abcl23"
. tsalnum ( :] oare alphanumeric. 5. tsalnum () —  True
. Returns True f all characters 5 = AF
- b e () are whitespace . S. lsspace ) — True
Note :

L] MOS"’. meﬂ'\ods TE{U."Y\ A MNeLw S'l'.F-L'I"IS or o VO.LLLE..

. SJcr'mﬁs ore immutable, so metheds never c.'mmaa the orisi.nal sfrins :




i Creating Lists

-

A lst in Ptj{hoﬂ is an ordered collection of items (elements) separated.

bﬁ commas ond enclosed in square brackets [ . Lists are wmutable
(modifioble ) and con store items of different data’ types.
Al Creo.ﬁnﬂ an Em‘:{:a List Exo.mELe. :
Syntax : list _mame = [] my-list = [l
grinﬁ(ma_usi:) # Qu.tPu.’c.: L[]

. Cre.o.{:inﬂ a List with  Elements

Eudn"t.o.x H list _name = [T.’cemi » ttema P ttema 5 = ] I ettt T T e e

i Note : i

E le : ! [

SRR | ® Elements are szpo.m'he.d lcnd commas . i
[

fruits = [ 'Q.PFLQ.' , 'banana', 'mcmso':l 1 e Ttems can be of any data Jf.m:e. :

Pr‘m‘l’. (fruits) # Ou{:Pu.‘E B 'O.PPLP.' , banona', 'manso' ] | o Duplicates ove allowed. :

L e e e |

' i C\’eoﬂna o List Uslns the List() Constructor

§3M__ : List_name = List (iterable)

Exu.mEl.e.s :

e From a string : chars = Llist ( 'hello') — LR, /}' ., YWuo]

e From a tuple : numbers = list ((4,2,3,4)) — [&, W/ &4

e From o range : r &= U.s’c(rcmse(S)) — [aVYel, 266* 4]

e From another Llist : copy = list (fruits) = [ 'apple’, 'banana’, 'mo.nsol:l

L. List with Different Data T3F35
é:jn{:ax 3 list_name = [10, 'hello', 3.44, True, [1,2]]
Exu.mELe. % [ o e W e, e e =

Pﬂﬂwn lists can store different

mixed _Llist = E:!.O, 'hello', 3.414, True, [i, 2]] data Jr.td'i:es n a sf.'nsl.a List,

Print(mlxe.d_].'tsi) # Ou{‘.Pu’c: [10, 'hello', 3.414, True, [:i, i)

[
|
|
|
I
|
|

Summa.rq of Different Woys to Create Lists

Method Syntox Example Output
Empty List list _name = [] e =[] L]
List with Elements list _nome = [items, itema, ...] bl = ;2,37 LiS2,3]
From String List _name, = List( 'string') ¢ = list('abe') ¥a', 'b', 'c')
From Tuple List _name = List ((...)) d = Lst( (4, 5,6)) [4,5,6]
From Range list _name = Lis'c{-m.nse.(n)) el= Li.s{-.(-ro.nse.(3)) [ike #4529
From Ancther List M _nome = list (oncther_list) | £ = Ust([7, 8]) [#,8]
Mixed Doka Tﬁpes List _name = [wvali, vala, ...] q = [1,'x"', 2.5, True] [1,'x"', 2.5, True]

= Re.me.mbe:r .

Lists are ordered, mutoble, ond allow duPL'Lc.o.{'.e values .



List OPemd:'Lonsﬂ

’f;ro.ve.rsina ekc .

List oPe.ra’clons ore used to Pe.r-?o*rm vasrious

tasks lists

on

o.c.ce.ss'ms elements , mocll?glnﬂ them , com ;1n'm3 lists , c.he,c.klnﬂ me,mbership 5

such as

g,_. Ac.c.e.asinp( Elements
e By index

. B,'j slice —

2 MOI:L 'Fﬂm.a LLS{‘,s

— Posi.ﬂwz. oand ne.sa.’cive. 1nd.ex1n3
e.xl:-racﬂﬂs Pccr’a: of the Llist

Exa.ml& H

L[o] .~

=\[10,20, 30, 40,507
LL-1} — 50
L[1:4]) = Ta0, 30, 40]

g.:. L;.S'h COﬁC.G.'hEﬂO.Jf.i.OT\ Q.‘ﬁd. RE.??.‘E‘LJC;.OT'L

o Concatenotion (+) —

joins two lists

i{*_. Me.mbe.rsh[-la Ope.ro:\'.lons

OPe.m'Hon Sﬂn{:u.x Desc.r'tpﬂon Exo.mPl.e.
C'no.nae, Bl cdant LfdesT & walus C'.ho.nae.s the wvolue ot L= Ei; 2; 2]
given index . L[4 3 = 20 — [i , 20, 3]
Adds on element ot VLT L
APPe.ncL L.append(val.ue) A L ,o.PPend.(?:) e W G
2 : Inserts an element ok I i
Insert L. insert(index, value) sPe.ci-Flc. Fosi’cion, i mse.r’c( T ey
i Adds oll elements of N J 1, 2]
o - \ereble) an iteroble ot the end. L. extend{[3, 4]) — [1,2, 2, 4]
Removes Ffirst occurrence LALA 2, 3, 2d
Remove L . remove ( volue) 8% wAnie. i Tamovg( 2y D, 3, 2]
Re.mcve.s D.nd T’E.{‘.ums L = [i 2‘ 3]
P"P L. F°P( [index]) element ot index. I8 P( ) L= 3 L - [1, 2]
(Defoulk removes last) 1 PoP(O) — 1 L — [2]
Removes all elements L & [ M ,.4, 3 :]
CLEOT L 9 CLGQTC ) 'From ’che. L;s"r. . L p (;]_e,a._r( ) —> [ ]

=5 returns True ;:P element exists

]
]
|
1
I
L] ReFeﬁH.on (*) - rePe.ois the Llist : & N =
ExamFal._e: 1 E"“"‘“FE:
= [1,2), B =[3,4] i = [10, 20, 30]
A+B — [1,2, 3, 4] | 20 wn L —  True
&
A*3 - [1,2, 1,4, 2] : 40 not n L 3 Gue

_5_._ Tterotion (Tro.vers'l.nsz

f_}; Other Useful OPe.rn.'l‘.lons

re{:u.r'ns Tru.e. i'g el.emen']: doe.& 'I"|.O£ exll.s.{:

1
I
e We con traverse all elemenks of i OPe.rcd'.lon Stdn{;u.x Desc.r‘v.P‘l:Ion Exo.mPLe
o list using loops. | lanL) len{L) Bl fober Len(L2, 2, 31)
| of elements - 3
Exo.rnpl_e. : i 4 ;
i minlL) min(L) Returns smollest min([&, 1, 7])
= [io; 20, 303 : element — 1
for x in L: I mox{ L) max (L) Returns lorgest max([4,1,%])
P'ri.n‘l: (x) i |45 element — 7
# OU-'tPU-'l'-: 10 20 30 1 su.m( L) .su.rn( L) Returns sum of all sum [1 il I 3]}
: numeric elements — 6
e e e e e e e e e e S e R e e e s S e
Lists are wmutoble, so c.ho.nses made to a list affect the orl.sm.o.'. list.

[ Incle.x'ms starts from O.




Index'mg ond. Slic'mg in Lists

@

Ind.e.x;.ns meons o.cce.sslns elements of a Llist u.slna theur Posl’c:.on (index) .

S'L;.clna meons e.xtro.c.ﬁns o Po.rl‘. (sub-list) of o Llist u.s'vna o range of indices .

—i'l;._ Ind.exlng in

Lists

e Each element n a list has on index (Posl’clon) .

Acc.ess'ms Elements

. I'nd.ex'l.na starts  from 0. Exp‘resslon Ou’cpu’c
Exomple 1 LLo] *Apple’
L = I: 'APFLQ_1 ) 'Bqno,m' § lc.hg,rr'yl y “DO.'['.E.I 3 'Elde'rbeﬂ'yr'] L[Q.] 'C‘ne'rr}r‘
Positive Indexing :
0 1 2 3 4 K™ "Elderberry’
"Apple’ 'Bonana'  “Cherry’ "Date’ 'Elderberry’ Rr_4] Eldeh 5
- r eﬂ'y
Negative Indexing : ' '
_5 A ” 4 > L[-3] C'ne,frv
'Apple’ 'Bonona.'  'Cherry' 'Date’ 'Elderberry' L[-5] "Apple’
2. Sl.'l.c:.'ur'uzyi wn Lists
R LY r,___.,____________——____]
- Sl.;.c;.ns ollows us to extract o Po.r’c (su'c—lis’t.) ‘?rom o L'l.s'c ) Note. £

LE

. Sﬂn{:nx H

start

stop step ]

4

\ . ™

Fo————— e ——

e IF stort is omitted , defoult is O.
e ) If s’cop is omitted , defoult is

St fiolinie  Shp size Fenolll) off \list .
(indluded) ( excluded ) (defoult is 1) * If step is omitted, defoult is 1. |
‘_3_.. Common SL.LC.I.'I"\H EXO-,mPLGs
Expression Meo.rti.ﬁa Example (L = [40, 20, 30, %06, 50]) Output
LL1:4] Elements from index 1 to 3 [ 20, 30, 40] [ 20, 30, 40]
[ aifiaa From et to widex 2 [10, 20, 30] [10, 20, 30]
- L[z From index 2 to end [ 30, 40, 50] [ 30, 40, 50]
ECi] Copy of the entire List [ 10, 20, 30, 40, 50] [ 10, 20, 30, 40, 50] |
B el | Every 2nd element [10, 30, 50] [10, 30, 50]
B LE4::2] From index 1, every 2nd element [ 20, &40] [20, 0]
LL::-1] Reverse the Llist [s0, 40, 30, 20, 10] [50, 40, 30, 20, 10]
L{&:4:-1] From index 4 ko 2 (reverse order) [ 50, 40, 30] [50, 40, 30] M
L. Ne.su.’tlve. Ind.e.xi.na with Sucj.nﬂ Ir“——————————T——————————“——j
| 5. Importont ?om’cs :
Example (L = [10490, 30, 40, 50]) i |
__Exp'resslo , Me.cmihﬁ Ou‘;Put i o Lists o.rfr. mutoble , but 5|.Lc.m5 returns i
L[-3:] Lost 3 elements [20, 40, 50] i o mew list. 1|
L[:-2] AL except last 2 (10, 20, 30] I ¢ Original list is not changed by slicing. ll
LL-&4:-1] o =i & =9 Lzo_ 30, 40] i . Slic'ms works in the same woy oS sl'.rlnss. {l
L[-1::-1] | Reverse from last to ‘start [50, 40, 30, 20, 10] | ® Step can'be regative (for reverse slicing). |
| S A A YRR |

Exo.mpl,e P‘roqrm‘n :

L UK, 1B ety 'Y B
Pvi.nt(L[:L]) # B
print(L[-1]) # E

Pri.nt(]_[i:‘i-]) # [‘B',
Pri.n‘l:(!.[:s]) # ['AY,
Pri.‘n{:(L[R:]) # [hev,

W | i print(LL::2])  # ['A','C','E']
B, et i Prlnt(L[::—i]) #O[UELDIE R ]
s




Built-in Functions Used ori Lists

and List Methods

—

ope,rcu’ci.o'ns :

Pst'non P-rovlc'l.e.s bullk -in functions thot con work with lists ond o set of
list methods thot con mocl:.-FtJ' o list. Both are very useful for common

1. Built-in Functions Used on Lists

Function Description Example Output

i Returns number of L = [10, 20, 3GEEERO |

len (List) B G st . bea(L) "
: Returns lorgest element L = [40, 20,0727

mosx ( List ) in sthe > list . max (L) -
i 3 Returns smallest element L = [10, 20, 30 AN

min (List ) AL SRy ¥

sum(l.i.s{:) Re’cuﬂts sum of all b o= W 4 00 A a5 15

numeric elements . sum (L)
3 Returns a new sorted list L = gL, 22 27
sorted ( LLSJC) (o.scend.lng order ) . sorted (L) L4 » 2,3, 4]

Returns o new sorted list |

[43 i! 31 2]

sorted (list, veverse =True) n desce.nd.i.ns order . sorted (L, reverse = True ) [&,3,2,4]
i Returns sum of elements s = il 231
pranififeds et plus_ the start volue. sum (L, 40) 14
. Returns True f any L = [0, False pa,C ]
s ( LLS{:) element s True . ony Gl o
: Returns True f oll L = [1,/A3%H
LL( List el
all (List ) elements are True . alLCL) Wej
4 . Cvea’cesalisl‘.%mnns t = (4,9 ;33
List (iteroble) therable ('cuplz, s’crlnﬁ,mae_,e’m.) Vit (8D E @, 3
2 . LLS{'. Me.’chods ( Mod;.:pa the orlﬁ'mol LLS"(‘.)
Method. Description Syntax Example Result (L)
Adds element x ot L = 1.2
o.ppend.(x) A ek L.uppencl(x) L,appEnd,(B;I [i, 2,41
'-I.Y\SE.\‘JC(E., x) Inserts x ot index 1. L.i.nser"c(i., x.) t-;‘se&(’i?]z} [i, 2., 3]
. Adds oll elements from : IL =5 fiqg o]
extend (iterable) arbin Lo e il - L.extend (iterable ) Resaliea @3, &3 [i, 2,3, %]
remove (x ) f;m:us Pk Sjeliryity L.remove () :: :e“EDt;?Q’;"l] [, 321
Removﬁ Q"\A Tetu.ms
pop ([i1) element ok index 1. L.pep(L[i]) :: 4 [(13’2’ 3] 2 |
(defoult is last element) 4l
Removes all elements o= [ 9 31
clear () From the [list. L.elear () L. clear () CJ
. Returns index of first . L =\[&, 20,/p80]
Lﬂ&ex(x[,s{a&[,end]]) - WASN L. index (x [,s [,e]]) L .index (200 i
Returns number - of RN\ 2@V < FY
count (x ) o e L. count (x) L.count (2) 2
sovers) AP e Bt | e O Tl L L W,
Sorts list in oscending L.sw‘l‘.(ke3=Nm, L= E¥ sz
sort [ke:j] , Lreverse]) order in place. veverse = Folse ) L.sevk () [1,2,3]

Notes :

s+ PBulll-in functions do not c.hnnse. the o‘r';.a:.noj. List {exr.ep*: when the function itself veturns o List
ond. you ren.ss'tsh ).

e List metheds mocl'ups the crla‘mal. List .




Dictionaries : C‘r»aa’t:'mgL Dic’cionoxa
" —®

Tt stores data n keH—va'l.u.e polLrs .

A d.lc{:loﬁarﬂ n 'PH{.hon s on unordered collection of items.

Keﬂs must - be  unique ond. immutable (e..g., 5'\:1'-11'135, numbers , ‘\:up'a.es).

Whot s a Dic{'iono.rﬂ_?

- Di.c‘l:lomrﬂ is a mutoble (chmseable) dota {'.'dpe..
e It is written inside curlid braces { }.

e Items are sepa.ro.':ed 1::3 commas ;

e Ovder of items is not aun.mntee.d (P:j{:hon < 3.%).
(Insertion order is P‘reserve.d. n PBl;hcm 3.74+).

jo

: Creaﬂns a ch.’c.?.onart.)

We con creote dictionaries in several ways .

A) Us'ma Cu.‘rl.!j Broces { } (Most Common)

Exmmei.e :

* Eoch ttem hos o key and o volue separoted by colon :

student = {'nome': 'Amit', ‘age': 20, 'city': 'Akola’}

NA 6T 1]

valde ke,zj value

ke-d ke Y value

B) Usihﬁ dict () Constructor

student = {'nome': 'Amit’', 'o.ae' : 20, Ic‘l.tldrl 'Akolo }
Pr-'..nu( student )
# Output: {'mame': 'Amit', 'age

20, ek 'Akola }

student = dict(noeme="Amit', oge=20, ci’c\d_ ='Akola')
P ink(student)

# Ou’cPu{:‘, {'name': 'Amit’', 'cu_:le.': 20, 'c.'l..{'.\.!l: ‘Akcla'}

C) Us'ms dict() with Ke.\\.;-Vo.l.ue Pairs

D) From Tuwo Seq'u.enc.ss (kegs and. volues)

E(.o

. Valid and. Invalid Keu:E

e e e e e e . e e s s e o e e e e . o S . . o B e

student = dick([{ 'name', 'Amit' A
{'nﬁei, 20), ('C.H'.Hr, ‘Akola')])
Pri.n‘l:( student )
# Ou.tpu.i:: { 'name': "Amit', lage't 20) ‘city': 'Akola’ }
_E_) Empty Dictionary
empty _dict = {3 I Note :
empty dict2 = dict () =
P‘ri.h{‘.(e.mpig_dlct) # Ou{'.Pwl:: {1 I
Pri.nt(emp‘l:tj..d.i.c.’t.i) # Output: {3} :

ke-ds = ['nome', ‘uﬂe', 'ci.’cg':]

['Amit', 20, 'Akola’]

student = dict (zlp( keys, values))

print ( student)

# Output: {'name': "Amit!] ‘age'£720, 'city'; ‘Akola'}

volues /=

* Keys wmust be immutable (siri.na, number, l‘.upl.e.).
* Values can be of any dota type ond con be duplicote.

Valid Keys (Irmutoble ) Invalid Keys ( Mutable)
. S'E'ri.ns i 'name', city ! e Lisk : [4, 2, 3] x
* Number : 10, 3.14 * Dictionary : Yoaleedlk x
- Tu.PL& (i, :ﬁ'.), clal, 1'0‘) ° SE‘-t {i 9 3} x®
¢ Boolean : True, False ¥ .
4. More Examples
Code Description Output
person = {'name': 'Riya’, 'age': 22, "is student's True} Dictionary with {"name': 'Riya’, 'age': 22 'is_student': True}
print (person) different doka types
numbers = {1: "one', 2: 'kwo', B8: 'three'} Dictionary with {4: "ene', @: 'bwo', 3: 'three'}
print (rnumbers) numeric ke.\_js
mixed = {'roll': 101, 'marke':\[85, 90, 88], Dictionary with nested | {'voll': 404, ‘marks': [85, 90, 887,
‘info': { ‘grode’s fA' 1% dictienary ond list “info': {'grade': 'A'}}
Pr'Lnl'. (mixed ) |
e e .
ll Summmrﬁ Dictionaries store dota in ke.\d -value pairs. We can create dictionories I[
I u.si'ns {3}, dict(), keﬂ -value Fo.:.rs or from sequences. ]l
s . N S S ET i W Sty e M. W S S R N L =



Di::’rionaries: Ecessins a;d Modifg'ms keﬂzvdue Pairs

A d.i.c.*.i.ono.rs n Pﬂ":hon s o collection of tems stored in

Eﬂ.Gh kes 15 u.n;.qu.e o.nd. meu‘]:o.bLe (Sl‘.‘r';.na 3 nu..mbe.'r 3 t\J.PI.E

ke&j : value Pn.i.rs :

etc.).

Exn.mpl.e Di.c.ii.om:n—!j -

student =

‘[lna.me.' : YAk,

! [

kmd voalue

10.3&.': 20, "eity': 'Akola'}
P 1T I
kcs value kmd volue

4. Acc.e.sslns ke.td:value. Pairs

A) Ac.c.essins o Value Us‘mg Ke.5

® ‘olues ore oaccessed usinﬂ their kr.\ds.

& Modl-FﬂinS ke.-d:va’Lue. Pairs

A) Acld.'ms a New Kea:mlue. Pair

s Add a new ke& with s volue .

- San"tox : dict _name [keu‘.j] e I key does not exist, it will be added. .

student = {'name': 'Amit’', 'cn.ﬁa‘: 20, ‘cL':td'z "Akola' } student = {'mme.': ‘Amit', 'o.ae.': 203

pri.ni(sl:ud.e.n‘l’. ['neme']) # Output: Amit student [ eity '] = 'Akela’

Pri.nl: (student [* nﬁe' 1) # Ou‘l'_Ful'. r 20 P'r'u‘\l (student )

Frini(&lu.deni L ':.iiu‘.j']) # Output: Akola # OQutput: {'nome': 'Amit', 'age': 20, ‘city': 'Akola'}

B) Usi‘na set() Method (Sofe Access)
® Returns value for the lu.a f it exists.

B) Upd.ailnﬁ an Exi.st'mﬁ Key
s If the key already exists, its value is updated.

|
I
I
I
1
|
|
i
|
|
I
|
|
|
|
|
|
|
I
i
i
i
1
1
i
1
|
i
I
|
e Returns Neone (or defoult volue) if kes is not found. i student = {‘nome': 'Amit', 'o.ae,': 20%
I
| tudent [ 3 = 24
Prin'l'.(stud.e,n{:.ae.t('mme.')) # Ou'cput‘. Arit I % b G ]
I Pv"vn‘l: (student )
int (student . get ( 'qrode’ # Output: N i
Ly gy 8¢ ( == 2% o B S I | # Output: {'mame': "Amit', ‘age': 24%
print (student . get ('grade’, 'N/A'))# # Output: N/A !
- | C) Updating Using update() Method
1
c) Accesains Kg.:ls ond. Volues i » update() adds wmultiple key:velue poirs.
e E « 1f key exists, value is updated, else new kes is added .
Metheod Description Exm-nple DLd'.Pl.d: i
| | student = {'name': 'Amit', 'o.ae': 20}
did‘._.ks'ss(['nw'. : % & E ! vt
keys () Returns all keys student . keys () ‘age’, "city']) : student .update({'age’': 24, 'grode': 'A'})
i print {student )
. v .t |
valuss O30 ] mavinns a0 Gaking studert . volues() dict_values ([*Amit', 1| # Ou’cput: {"name': "Amit', 'a.sz.': 24, 'arnd.e': Al
20, 'Akola']) |
Ll Raeling v Skleliag Ta il Tis
Ramsil) Returns all key : value stident  thame () d.wtfn.h.ms({‘_ name’, i 9 3 )
pairs as tuples Amit?), (lage’, 20),| || Method Description Example Output
Ceity’, ‘Akola)]) | | - =
cuby”, o 1
: ol diat[kmd—] Remowves the del stu.d.s.nl:['r.i.tu'] {"name': "Amit",
! key : value pair. print (student ) ‘age': 20}
D) Checklna W a Keﬂ Exists i
| Remowves Iu.nd and, oge = stu.\.d.en’c.pop('n.ac') 20
e Use the in keauord. ! Pap(kg!’) returns its value. print(age) {"name': "Amit']}
® Returns True if key exists, else Faolse, l print (student )
! Removes and veturns | item = student.popitem() (leity', "Akola')
Pri.nl'.('mme' n sl'.u.clent) #* Ou{Pu{:I True I p-opi-i.r.m() et insarii print('sh.n) r oAt
Pri.r\l.('sru.dz' in student) # Ou{Pu{:: False i key : value "poir. print (student ) ‘age': 20}
i
| R e e e s . i e e e USRS S S S TR e ST i T s e e e b |

lmpor'{‘.m-d: Points :

* Keas must be um.ovue. and. tmmutoble (sbr'ma, number , ":u.P'Lg., bool ).

* DLc.’cLonmr-d is mutoble, we can add, update and remove key:value pairs.

I |
| |
| |
| |
! #* Volues con be of any dota {:dee. ond con be duplicate. I
I |
| |
| |

#* Acc.e.ssi.na o non-exustent keﬁ usi.na [] will roise Ke-dError. Use as‘E() to avoid errors.




._Built -In Functions Used on Dicﬁqnaries

——®

. PHUnon Provld.e,s several built-in functions thot can work with dictionaries .

¢ These functions 'nelP to 3e.t information obout dictionaries or their contents.

ExamP'Le Di.dtiono.rﬁ :

student = {'nome': 'Amit', 'oﬂe.': 20, 'ci{'.-d".‘ '‘Akola.’', '3ro.d.e.‘: Al

List (dict. values())

oll the wvalues.

List (student.values( )

Function Description Example Output
ol ik Returns the number of
en (dict) k9,3 : volue pairs in the Llen (student ) it
d.'l.c{:i.onorﬂ :
. Retuw the t of o
'h}jP"-’- (di-ﬂ{'-) the :::ﬁona - Jpe Jc-dPe (s{:uclen'k) <class 'dict'>
dict () Creates o new clicﬁmarﬂ : dict () {}
dict (nome="Amit', a3e=20) {'name": 'Amit ', 'a.ﬁe : 20}
: Returns the strin =" S T
str (cch,{:) i 3 4 sl Catudind name ', ‘age ]
TePresenia{.m O'F d;cl:mr:.j T e e ) |('.H.'.51 : IAkOI.G.I 3 ‘ﬁfﬂl‘ielli ‘A‘}"
3 : Ret list of :
List (dict) dli;.;:\:ra akeH: : list (student ) ['name', ‘age’, 'city', 'grade']
: 1 Returns List toint :
List (dict. kﬁﬂs()) il e :eﬂs . oty list (s’cucl.en'c.ke.ﬁs()} ['name', 'asei : 'c.H:ﬂ‘ ; 'Smduf]
Returns o list c.onha?.nlnﬁ

L'Amit', 20, 'Akola.’, 'A']

List (dict.items())

Returns o list containing

all ke.H:vo.l.ue, Pnlrs as

'l'.uPl.es :

List (student.items())

[('name', "Amit"), ( 'ase', 20),
(‘CH‘.SLr 1Ak0|—QI), (13\'0&{2., |A1)]

Returns o sorted list of

sorted (dict) kel sorted (student) ['uge.' : 1‘:.H:i.!1 , ‘grade’, 'name']
i wrn orted i
sorked (dict. keys () ﬁ::s_ e st sorted (student keys()) | ['age’, 'city', 'grode’, 'name']

sorted (dict.values())

Returns o sorted Llist of

values .

sorted (student . values())

[26, “A°, "Awak’, ‘Shoka']

sorted (dict.items())

Returns o sorted list of
key:value pairs (sorted
ha ke:.js}_

sorted. (student.items())

]:('o.ae‘, 20), (lt‘.;.{:ﬂl, 1Ako|.o.1:1,
(lsfo,dl’.l, ‘AI)) (‘hame.t, ‘Am;-t-l)]

Returns True W the

Qnﬁ(d.uc'l‘.) dickion b X empl:ﬂ. o.ng(s{:ud.e.ni) True
' Returns True f all keys
O-LL(.A-‘-C{:) and. volues are True . all (Skude.nf} False
(Rume\.ﬁ used )
Returns the lorgest :
max (dict) (Keys must be 3 5mk:3 mox ( student ) 'name.'
{:ape ond. corr\Pamblze.)
Returmns the - smallest key.
min (dict ) (Keys' must be of same min ( student ) 'qae‘
':3\:1!. and mPo.ra.bLe)
| Notes : g o sk _ AT N i
: % AlL the above functions do not rnod.?.% the orlai.nol cli.d:lor\o.r:.j : :
| % List(), sorted() and similr functions reburn new lists. |
| #* wmox() and min() werk on ketl's, not on wvalues. I
I * For emptﬁ u\.i.c.{::.onm-ﬂ, len ({}) returns 0 oand cms({}) returns Folse . J|
iy et S e W R A el e B o O ey B oo STRD RS T J6 iy e o i e e




:ch’cionm"ld Methods

—

*—

D;.CJL:.UTL&TH ‘I"I"\E.JC]!\.OCl.S are LLSE.Cl. {‘.0 PE\"‘FO‘I"'I"‘I"\ OPETQ.{.:.OH.S on ALC{.LOT\.Q.TLE.S .

T'ne.ﬁ mocﬁ:ps Un.e. CrI.C.JC.:.DﬂQTS or re{'.urn some Ln'Formajr.Lon o..bou"t L{'—

Exo.m-[:;l,e. D:,c{’.;.ono.rﬂ H

s':ud.en{r, = {‘nn.\"n.e.‘:

"Amit ', ‘o..se.': 205 ‘CL':H". 'Akola.’ 'arn.d.e': ‘A3

Method De.sc.-rLPJcLon Sﬂn’cax Excxmple Ou’cpu{
‘ = d = student.copy()
RE.'\'\'\.OV!.S ﬁ.u- L{e‘ﬂ'\s #rom ?H
clear () = dict clear() d.clear() i}
the - dictionary . 4
() RCJC-UJ‘I"\'-’- (=% 5h¢’alow c.opﬂ ‘:L* t d. = siud.m{ \ COFH() ‘ {I‘r\alrlne,l H IA:\‘“’L";' Id ’ ;
copy B, \/7 .4 g Lct . copy () a ‘ age ! .20‘ B cd‘.s : 'Akela,
31'0.:'.2. : ACT
Returns & rew dlt’c.loﬂara keys = ‘a', g c ]
kaass(szct,whm=ﬂm:] with ke35 From seq, and | dict _-Frnmlcz:js(sneq,mlue) d=1{} .-promkess (]‘535 ,0) flaly 0, By 0, et 0B
value os wvalue. d
-Re.tms .{'n.l.‘ ml-‘ft -FO'I- ke.3 \ S-E'U.&'.\'\t.ae{( me.) !Am‘l.tl
3@.’: (keﬂ)ddtml’uNmz) if ke.a s in imtmna.ra dict .Se.t(ke.ﬂ , default) sl’.ucl.enl:.ﬁei('morks' /A "N/A®
else veturns default.
Returns a wview cbjec‘h dict _items ([ ("name', "Amit'),
ttems () that displays o list of dict . items () skudent . items () ("age',20), (eiky', 'Akola'),
key : value pairs. ('3'\'0-4-?-' A1)
Returns o wiew obje.c.'f. : ; cl;.d:_keﬁs ([ "name', L-::.nse.' i
k&lds ( } that d.;.sPloﬁs n keﬁs . &.Lc’f.,ke:.js() student . keﬂs(_) : C'l-‘f-ﬁl : 131_“1&.])
Removes key and retums | 20
op (e[, defoult]) | ot volie. 1 ey e o b SPTATN & s,(c* :'E)WPSO K Ol
Lkl and. default not given, . ri. e y c,'d:a' : 'Akela'
Ke.ldErro‘r \s roised . : srn.d,e' AN
Removes ond refurns the d = s’cude.n":(.optd() ('Smd.e.', A
Popi.’cem( ) last inserted key: volue dict .PnFL'Eem(} d. FaPH;gm( ) { 'nowme': "Amit',
poir as o tuple. d 'age': 20, 'city': 'Akola'}
Returms the value for key . d = student.copy (@) ?: 4

setdefault (key, defult Nore)

I{: kud nﬂt ;.n (:I.Lc.ttannrﬂ,
inserts 1“":! with default
volue ond velums it.

dict. setdefoult (key, defoult)

d . setdefoult ( 'vorks', 85)
d..sebde?nulk(‘nme' : 'Ri.ﬂn.‘)
d

{.nnume.l‘. 1Am&.‘, 10.30.'! 20,
' eibyts Rkolat, avada's R,
"rarks’: ‘35}

UFd@'tas cl;.c-’:iwwxd with

d = student. copy ()

{'na.m':

A", 'c«sg': a0,

update ([other]) [ key:velue poire from other | g \paote (other) d.updote ({'morks': 881) | 4", ‘Pune’, "grade's ‘A",
dictionary or from iterable d. update (city="Pune') ‘eakals 85
of kc.ad:mhu. poirs . d. manER
Returme o view ob:]eck. : dick _volues ([ 'Amit' , 20,
values () thok R, o\ dict  volues () studert  values () ‘Akola’, 'A'T)
Notes
. kei:js (), volues() ond ikems () reburn siew objec.':.s (:it.ijLc) ;

o Methods like clear(), Fop{) 4 Fopi.’cem() , sebdefoult (), up&.o.’c.e L) modi.-P\d the cli.c'd.mmra_
. ':’OPH:) returns o shallow copy - Chmse.s n copy do not offect the or[ﬁlnnl d;.c.':.u.owsj

O.LL:.C 'ﬁ. S LLTY\\'\'IC‘.\.‘I"H

Mt [ 4 . ACSEEEREE 7~ R R ¥ Wl sl ke i
clear () Remove all ems i__ PopP { Remaove kmi and return ks value I
copy ( ) Returm o copy I PcPv.l;.em {: ) Remove and veturn last inserted Pca'ur I
'Fr:wnke-ds @] Creote new dicﬂ.omrﬁ with given keys I setdefault () Get volue; if not found, set defoult I
__af‘t Q Gebl value for ke.ﬁ (safe) : uPd.m’c.e ( } UPdad:e. di.:.ﬁurnnrﬁ with new kems I
tems [: } Get ol ke_ﬁ : value Fu;.rs I volues ( ) Get oll volues i
el N e EFEREEREN  SY ENean ]




i The del Statement .

e The del statement is used to delete objec.{'.s.
e Tn dictionaries, it can be used to delete o keﬁ—vo.b.m ]:n;.f, a ke-d , or the entire d.lc,ﬁomrﬂ.
¢ Once deleted, the item cannct be accessed a.-auln.

1. Syntax
del dickionary[‘key'] ~ # deletes the key-value poir with the given key
del " dictionary # deletes the entire dickionary.
del variable # deletes the varioble (and the object it refers to)

2. How del Works with Dm‘tmnes

A) De.l.eﬂnﬁ a Kea -Value Pair B) De].eﬂnﬂ the Entire Dl'.c’ti.ono.rs
¢ Removes the spu:;.{:i.ed. ke.ﬂ and  its mesponclmﬁ value ¢ Deletes the d‘l.c.l:.{.onarﬁ obje.ci thself .
‘va the d.i.c"flm’m.rﬁ . L4 A'Fte.r this ’ the d.T.\’.Hcrmrs cannot be wsed.

o IF the keﬁ does not exist, KeﬁErrm- is raised .

Eﬂl.e :
d = {lql: i ‘bl: 2’ 1¢-l: 3}
Pr;.r&.(" Before del.eﬁna d.i.r.’t.:ana.rﬂ M d)

Example :
student = {'name': 'Amit', 'n.ae' B R 'c.l'.tld' : "Akola'}
Prl'n.l‘.( "Original dictionary :", student )

: : g ; del d # delete the entire di.c.’:Lm’mrH
del student[ a,se] # delete kes age 83
int(d
prin{’.("A'Fter .ie.l.e.ﬂns 'aae.':", student } ¥
# OUiFU.*. H
# Ou{'.pu.{'_ :
# Before dd.l.!.'.u‘\a d‘u:ﬂomra el 4, Yb'r 2, e aj

# Original dictionary : {'rame': "Amit', ‘age': 20, 'city': "Akola'}
# After deleting 'aﬁa': {nome': "Amit', 'c.i.i:ﬂ': ‘Akola' }

# NameError: mame 'd'is not defined

Trying to delete o non-existent key : | Note _i

del student['marks'] ~# KeyEivor | | After del d, the name 'd' is removed, :

# Output : KeyError: 'marks’ I i_so {'.v'sf.nﬂ to uwse it raises NameError. _i
c) Deleting the Dictionary Variable D) Deleting Multiple ,Ttems
¢ Removes the reference to the dictionary . * We can delete multiple key-value pairs one by one
* The dictionary object is destroyed i no other references exist. using del .

Example : Exo.rflt. :

d = {'x': 20, 'y': 20} student = {'name’: 'Amit', 'age': 20, 'city': 'Akola’,

Prlﬂ‘l:("DL:ii@mrﬁ £ d) 'Sv-mir.': Uy

del d # delete the wvariable d del s.kudz.nt['asa':l

Prln{‘.(d) del stuclent['c;.l:g‘]

# Output : Pri.r\i(stualenf.)

# Dictionary : {'x": 40, 'y': 20} # Output : {'name': 'Amit', 'grade’: 'A'}

# MNomeErrer: name 'd' is not defined

3. Imporl:md: Points

i

# del removes items P-errnumnﬂ.a. |

del dictionary [ 'key'] vemoves only that key-value poir. :

del dictionary removes the whole dictionary. |
del voriable removes the reference to the object . I s  NomeError: when uslﬁﬁ

|

|

!

. KeuErrofr when cieL:’c[nﬁ
o non-existent key.

I we try to delete a lt,qu that does not ‘exist, KeyError is raised. a deleted d.E.cl.‘mnnrﬂ
After d.el.q_’r_q.nﬁ a d.u:l.'n.nrmrﬂ (d.q,L d.j ; k_r:j'nns to access ik ra'ures NomeError . variwable .

T ———

* & 5 8 @

4 . Summo.r}j Tﬂh Le'

Statement Whot it does Exemple
del dict[ 'key'] Deletes the key-value pair with the del student['age']
del dict Deletes the entire cl‘u’.lﬁm‘mra. del student
43k vavisiile :Del-a{:ﬁ the wvarioble and the objec)c |

L{: "G$!J'5 +.O.
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. Unit IT : Tuples and Sets

o Ordered —
Irvamutable -

Hetcrose.ne.ous

Tu.PLes

Ttems hove o defined order.

Once created, items cannot be chonsed (no ‘add /remove / updai:e} :
Allows dupl.lco‘l:.es — D-.-.Pl.ic.a'ce values are allowed .

—  Con store different data types.

-:'l._; Creo.ﬁng _Tupl.e_s

Tup\.es con be creoted inmultiple ways .
A) Usf.na Pu.ren‘l:heses () (Most common)

B) Using comma without  parentheses

t1 = (10, 20, 30, 40)
print(t1) # Output: (10, 20, 30, 40)
Pri.n’c.(l'.ﬂpe.("ci)) # Output: <class 'tuple'>

ta = 10, 20, 32, 40
print(t2) # Output: (10, 20, 30, 40)
pﬁnt(iape-(t?.)) #* Outpml;: <class "Eu.PLe'}

C) Cre.ni'.[ns an t.mptl\.j 'E.LAPI.E.

D) C-r-eoc’c.i.ns a tuple with one item

t3 = ()
Pr'n.n.’c (£3) # Oukpu.k anl )
Prln’:(’cape(tau)) # Ouiput‘. <class 'tupl.e.':-

E) Usins '\‘.upl.e() constructor

t¢ = (5,) # Note the comma
Pri.n{’. (ts) # Output: (s,)
pri.nJ:. { +-3P° (£4)) # Ou‘l:Pu{ : <class ' t-.;pl.e.‘ >

1| Witheut the comma, Pai'nan will not treat it as o tuple.
; t4 = (5) —
|
I

This s an i.t\‘ttﬁt.r, not a l‘.uPLo..

Prin’;(l:ape(t#)) # Ou’r.pul'.: <class “int'>

F) Conver’c.lna other itersbles to tuple

t5 = tuple([1, 2, 3, 4D

# From list

L = [40, 20, 30]
t6 = tuple(l)

Pr'l.nt (te )

# Output: (10, 20, 30)

print(t5) # Outputs (1, 2, 3, 4)
Pr't.n'l‘. ( {‘.aPe.( t5)) # Ou’c.put : <class ' {:upl.e. e
Poinks to Remember

# From s!.rins

[ 1
| I
[ | " "
| ¢ Tuples are immutoble (connot be changed after creotion). | s = "Python
: * Tuples support indexing and slicing. ' t¥ = tuple(s)
| # Duplicate values are allowed. : print(t7) # Output: ('P', 'y, 'R TR, e, n')
: * Heterogeneous data types can be stored. t
: e Use bu.PLa() to convert other iterobles to tupl.e._ |
N s o e oottt o e S L 0 i o i il J
v Exo.mPl.e.s
Code : Description Output ] : Summnrsz
!
£ = (1,2, '8) Tuple. of numbers G Ruoe are crested mﬂﬁ()'
I
t2 = ("Amit", 20, 9.5] Tuple' with different dato bgpes | ('Amit’, 20, 915) S\ Wby comma seporated volues,
| “or us:.nﬁ i:uFLe.() constructor
£3 = tuple("ABC") Tuple from string CHAT M. FEw) |
E Use a trailing comma for
ta = () Empty tuple O | single item tuples.
|
t5 = (400,) Tuple with one item (100,) AT PO L sl L e i




Unit II

: Tuples and Sets

@ @
Basic Tuple Operations
A tuple supports various read-only operations since it is immutable.
Operation Description Example Output
(1) Indexing Accessing an element t = (10, 20, 30, 40) e
using its index. Indexing print(t[0]) # first element o
starts from 0O print(t[2]) # third element
® Negative Indexing | Accessing elements from t = (10, 20, 30, 40) i
the end using negative print(t[-1]) # last element 5
index. print(t[-2]) # second last e
© Slicing Extracting a part of tuple t = (10, 20, 30, 40, 50)
us[ng slice apemtor_ prlht(t[l’i}]) # FI"OI"I"I. l.n.d.e-x 1to 3 (20’ 30' 40)
print(t[:3]) # from start to index 2 (10, 20, 30)
print(t[2:]) # from index 2 to end (30, 40, 50)
print(t[-3:-1]) # last 3rd to last 2nd | (30, 40)
O Concatenation Joining two or more tuples A (RS o R T
using + operator. :g . E;‘ +512 (1, 2, &, &, B)
print(t3)
Repeating a tuple multiple | 't = ('a’, 'b")

© Repetition

times using * operator.

print(t * 3)

("a', fbWFo, 'b', 'a', 'b)

©® Membership

Checking if an element

t =iy "B, g%

exists in a tuple using print('b' in t) True
in or not in: print(‘'z' not in t) True
Findi mb f t = (10, 20, 30, 40, 50
@ Length inding nu : er o ; ) i
elements using len(). print(len(t))
© Min / Max Finding minimum or t = (10, 20, 30, 40) 10
maximum value in tuple. print(min(t))
; 40
print(max(t))
© Count Counts occurrences of t = 1, 2, 2, 3; 2, 4) "
a value using count(). print(t.count(2))
Index Returns the first index of t = (10, 20, 30, 20, 40)
the given value using print(t.index(20)) 1
index( ).
ErE oA ey a2\ o - oo W  / Av 1
| Important Points I Il Examples :
|
| . Tu.Ple.s are immutable (cannct be chm\.ﬁsd after creation). I I‘ t = (10, 20, 30) :
: e All operations return o new b.:.p'l.e; orv'.si.n.a]. tuple remains unchanged. I l e t[1] - 20 :
: ® Indexing and slicing are similar to lists. I l o t[-1] - 30 :
e e i . 9817 o A i i i | * t+ (40, 503 (10, 20, 30, 40, 50) |'
Note e tx2 % (10, 20, 30, 10, 20, 30) |
Since tuples are immutable, operations like adding, remeving or I o S0 i % Teus I
upclntlns elements are not allowed. I bl - :
_’
Exn.mplc: t = (1. 2. 3) L. o ) :

t[o] = 10

# X TypeError: 'tuple’ object does not support item assignment




= Indexing and Slicing in Tuples

[2] Slicing in Tuples

Sllclna means extracting a pc\ri: (subtupl.e) of a l:u.pl.e

using slice operator

t[start: stop: step]

o
e A tuple is an ordered collection of items.
e We con access individuol items using indexing and o range of ‘items using slicing .
e Tuples are immutoble, so we can read items but cannot modify them.
(1] Indexing in Tuples
Indexlng means accessing an element at a particulor position.
t = (10, 20, 30, 40, 50) l Index 0 1 2 3 4
|
print(t[0]) # First element | Value 10 20 30 40 50
print(t[2]) # Third element :
print(t[4]) # Fifth element ' Nesati.ve Indexi.ng
I We can occess elements from the end using negative index.
print(t[-1]) # Last element i A T o NN N
print(t[-21) # Second last element i R - R ot el
print(t[-5]) # First element I SrEackpT
|

it adjusts automatically.

Slice Descri.p’:ion Example Output
t[start:stop] Returns elements from index t = (10, 20, 30, 40, 50) (20,30, 40)
start up to stop-1 print(t[1:4])
t[:stop] From beginning up to'stop-1 print(t[:3]) (10, 20, 30)
t[start:] From start index to the end print(t[2:]) (30, 40, 50)
t[:] Entire iu.PLP. (c,ops) print(t[:]) (10, 20, 30, 40, 50)
t[start:stop:step] From start to stop-1 with print(t[::2]) # step = 2 (10, 30, 50)
si.ve.n si:ep print(t[1:5:2]) # start=1, stop=5, step=2 (20, 4#0)
R T . R . e i L ol e 3
More ExamEl.es I Important Points '
£ ow @t Bt e, WYL e I . Ind.exi.na returns a single element . :
print(t[-3:-11) # ('e’, 'd") I . Sli.ci.n.s returns o new tu.PLe (subl:u.ple). E
print(t[:::1]) # Reverse -> ('e', 'd', 'c¢', 'b', 'a') I & Tigiaol Tuple memcing inchonged. :
4 | e If index is out of ronge, IndexError occurs. i
print(t[1::2]) # (46", 4d') ' e ; ; ;
i L] SLLCLI\.S with out of range index does not give error, |
print(t[-4:-1:2]) /# ('b', 'd') | I
|

S l..l.meTH

. TuPLzs are immutable,

* Use positive index O to n-1 from Left.
* Use negative index -1 to =n from right:
o Use sLi.cina to extract parts of the ’LuPLe.

50 we can Oﬂl.'d access

(read) items, not modi.FB them.




Built-In Functions Used on Tuples

* Tuples are immutable, but we can use built-in functions to perform various operations.

® These functions help us to find length, minimum, maximum, count occurrences, search index, etc.

e All these functions return a new result; the original tuple remains unchanged.

Function Description Syntax Example Output
Y P P
® len() Returns l'.1:ue number of beni{ tuple) t = (10, 20, 30, 40, 50) 5
elements in the tuple. len(t)
® min() Returns the smallest ) t.- (10, 20, 30, 40, 50) i
element in the iuplz. min(t)
© max() Returns the largest t = (10, 20, 30, 40, 50)
element in the tu.Pl.e. max(iuple) max(t) i
O sum() Returns the sum of all
elements in the tuple sum (tuple) t = (1, 2, 3, 4, 5) 45
(only if all elements are sum(t)
numbers ) .
@ sorted () Returns a new sorted "
list from t@welements sorted (tuple) £ (:? 10, 30, 20) [10, 20, 30, 40]
of Ll tupl. porfedls)
(6] mvgrsgd() Returns a reverse iterator t = (10, 20, 30, 40) <reversed objecl::-
object of the tuple. reversed. (tuple) reversed(t) i Bo. 20, 103
list(reversed(t)) N i .
Converts an iterable
o ’r.upl.e() (List, string, ete. ) tupl.e(i.i:erable.) 1 -1 [:-Jj 2 8l Clier, 8)
into a tuple. tuple(i)
(5] QL'.() Returns True if all elements t1 = (1, 2, N
of the tuple are True (or aLL(tuple) t2 = (1, 0, 3) True
r—— all(t1) False
all(t2)
(9] o.ng() Returns True if any element t1 = (0, 0, 0)
of the tuple is True cmtj(tupLe.) t2 - (0, 2, 0) False
(or non-zere) any(t1) True
5 any(t2)
@ enumerate () Returns an enumerate EE et B, B
object (index, element enumerate (iupl.e) K g <enumerate object>
d enumerate(t)
Pau-s) of the tuple.
(11 Zi'P() Combines elements from k1 = (1, 2, 3) <zip object>
two or more tuples. zi.p(*lupl.es) £ = (at, R, et list(zip(t1, t2))
zip(t1, t2) (64, '), (2, 'b'),4(3: ‘e'd]
i Important Points 1: i More Examples i
® Tuples are immutable, so these functions do not change the original tuple. : I t = (5, 1 SSEERANE 1)
= : : 2 A I 1 print (len(t)) # 6
! Functions like rm.n().-mnx(}, sum () work only on numeric tuples. : : Pedft (ainlt)) i !
I e sorted() returns a list, not a tu.plt. : J| print (max(t)) # B :
| o reversed() and zip() return iterator objects; convert them to list | | print (sum(t)) # 23 I
I l | print (sorted(t)) P, YL & 5 8] :
| or tuple to see results. | i print (list(reversed(t))) A I Rs’ 3,8, 1, 5] |
l e all() and any() are very useful for boolean data. I | print (t.count(s)) # 2 (not built-in, but tuple method) |
| I | print (t.index(8)) # 2 (not built-in, but tuple method) l
[ B S T SRS, W RO R A i

y Note: Tuples support only redd ‘operations. All the above functions return new results without moding.ng the original tuple.



Relation between Tuples and Lists

e Both tuples and lists are used to store multiple items in Python.
e They are similar in many ways but olso have some important differences .

e The main difference is that tuples ‘are immutable, while lists are mutable.

Feature Tupl.e List

Definition An ordered, immutable collection An ordered, mutable collection
of items enclosed in () of items enclosed in []

SBHLQX L = (1r 2; 3) 1 = [1: 2; 3]

Mul;a_bi,l,i,l;H Immutable (cannot be chr.mged Mutoble (can be ch.cmged. after
after creation) creation)

Modification Not allowed (no add, remove, Allowed (add, remove, u.pdal‘.e
u.pd.ote of elements) elements)

Methods Few methods Many built-in methods

Performance Genemllld faster SLi.th.ld slower

Memory Usage

Uses less memory

Uses more memory

Hashability

Hoshable (con be used as key

in dictionaries)

Unhashable (connot be used as
keH in dictionaries)

Tgpi.cal Use

Used when data is fixed and
should not change

Used when data may cko.nge
(damrni.c data)

ExquLgs Coordinates, d.oﬂs of week, fixed Collections that g‘r‘ow/ shrink,
records, ‘daotobase rows arrays; stacks, queues
— e
Similarities | Key Difference ExumpLe
e Both are ordered collections. et R i
¢ Both allow duplicate values.
; : - 1l = [, 0%, 3
e Both support indexing and slicing.
i A 1[0] = 10 # Allowed |
e Both can contain items of different data types . i
o Both con be iterated using loops. 1.append(4) # Allowed |
print(1) Faiies Q. 3. s :
. e W e B s, i e s ) I |
i Example: Similar Operations : # Tuple is immutable I
[ *E m (G0 20, B0. &0 : £ = (1, 3% 3) I
|
| 1 = [10, 20, 30, 40] L | # tol = 10 # Error }
I # Indexing : # t.append(‘}) # Error I
| print(t[1]) # 20 i | print(t) @ (1.\2._ 3 |
| print(1[1]) # 20 TR, A N . o)
I I L g y
% # Slicing : Surnmm‘u
| print(t[1:3]) # (20, 30) : S ;
Ir Srink(1[4:3] # [20, 30] I » Use tuples when data is fixed ond should net change.
| : » Use lists when daota may change (add, remove, updote).
I # Leneth I » Tuplss are sofer (immutable) and can be used as dictionary kegs.
I print(len(t)) i : » Lists are more flexible ond come with a rich set of methods.
| print(len(l)) # 4 H
I I



. Relation between Tuples and Dictionaries _

¢ Tuples store ordered sequences of items.

* Dictionaries store key-value pairs for fast lookups.

e Both tuples and dictionaries are built-in data structures in Python but they serve different purposes.

Feature Tuple Dictionary
An Of‘dal'ﬁd, irenutcble collection An unordered ('F'O'l'ﬂ Psth.or\ 3.7 ardared.).
Definition of geFeralosed in () mutable collection of -key-value pairs
enclosed in { }
SBnt.ox t =, 2, 3) d = {'nome': "Amit', ‘age’: 20}
Ordar Maintains the order of elements. Unordered before Python 3.7,
ordered from Python 3.7+ based on insertion.
Mutability Immutable (cannot be changed Mutable (canladd, remove, or modify
ofter creation) key - value pairs)
Access Accessed using index (0, 1, 2, ...) Accessed using keys.
Elements Stores a sequence of values. Stores key- vaolue pairs.

Duplicate Values

Duplicates are allowed.

Keys must be unique.
Values can be duplicated.

Heterogeneous
Data

Allows different data types.

Allows different dota types for
keys (immutable hdpes) and values.

Methods / Functions

Limited set of methods
(count, index, len, etc.)

Many methods (get. keys, values, items,
update, pop, clear, ‘etc.)

If oll elements are immutable, tuple is hashable

Dictionary is not hashable

H -
ashObLutH (can be used as a key in d:.c!.l.anor‘g) (cannot be used as a key in d.i.cti.onarg).
Topitonll Wss Used when dota is fixed and should Used when we need to map keys to volues
not change. and data may change.
Exeample t = (1, 'a'; 3.5) d = {'id': 1, 'nome': 'Amit', 'cgpa': 9.25}
e SN ™ o e s e S S L e P~ - S ST —— e
Similarities | Key Difference Example

¢ Both con store heterogeneous (different type) of data.
¢ Both support iteration using loops.

Both con be nested (a tuple can contain dictionaries
and o dictionary can contain tuples).

¢ Both support membership test using in and not in.

Tuple (using index)

£ =ik Myl RED)

print(t[0]) £ 'x'
print(t[2]) # 'z’
print(t[-1]) # 'z’

Examples: Accessin.g Elements

Dictionary (using key)

Tuple (Immutoble) Dictionary (Mutable)

& = (15 2, °8) d= {‘a': 1, "b': 2}
tfo] = 10 # Error d['a'] = 10 # Allowed
t +a (4] # Allowed (creates new tuple) | d['c'] = 3 # Add new poir
print(t) # (1, 2,3, &) del d['b'] # Remove o pair
| print(d) # {'a': 10, 'c': 3}

Summary
» Use tuples when you hove a fixed collection of items.
» Use dictionaries when you need to store and manage

d = {'name': 'Riya’, age': 20, 'city': 'Pune'} key-valuSQRNonchidk .

print(d[ ‘name’]) # 'Riga’ » Tuple = ordered, immutable, index-based access.
print(d[ eity']) # 'Pune’ » Dictionary = key-value, mutable, key-based access.
print(d[’age'1) # 20 » Tuple can be o key in dictionary if it contains only

immutable items.



Tuple Methods

® Tu.Pl.e. methods are built-in functions that Perﬂ::r*m operations on tupl.es.

L] Tu.Ples are immutable, so oni.ﬂ two methods are available.

e These methods do not modi.ﬁd the or'i.gi.no.L tu.pl.e; ’cheH onl.:.j return results.

No. Method Description Syntax Example Output
1. count () Returns the number of e p— b = (1r o /2.)2)
times @ specified value print(t.count(2)) 3
occurs in the tuple. print(t.count(5)) 0
2. | irelext) Returne the iindax of the i t = (10, 20, 30, 20, 40)
tuple. index(x)
first occurrence of a print(t.index(20)) 1
; ; [, start, end]
SPBC'-{“Wd- value in the # first occurrence
tuple. print(t.index(20, 2)) 3
# search from index 2
print(t.index(50)) ValueError
i eE Rk @€ YR | ERaEEey 7 2 eav O I
| Examples: count() I I Examples: index () l
I | | [
i t = ('a', 'b) UM 'ol] 'b'} i i t = (40,20, 30, 40, 20, 50, 20) E
|
i print(t.count('a")) # ->'3 | i print(t.index(20)) ¥ ¥ 1 i
: print(t.count('b"')) # - 2 I I print(t.index(20, 2)) # -> 4 I
| | | |
| print(t.count('c')) # -3 1 : | print(t.index(20, 5, 7)) # -» 6 :
I | | |
I print(t.count('d")) #->0 I | print(t.index(60)) # -» ValueError I
L P '

@/ I_mporiant Notes

count (x) returns how many times x oppears in the tuple.

e index(x) returns the index of the first occurrence of x.

e If the value is not found,

index() raises a ValueError.

e In index(x, start, end), the search is per-For'med from index start up to end-1.
e These methods do not chanae the onsml. tup!.e.

Summara

e Tuples have onl.H two methods:” count() and index().
e Both methods return information about the tuple.

¢ Tuples remain immutable;’ methods only read data and return results.

‘t=(5,1,5,2,5}|

/

\

count(5)
-> 3

index(2)
-» 3

‘* T;..P: Use count() when you need how many times a value exists.

Use index() when you need the Posi.t'l.on of a walue.




Using zip() Function in Python

e It returns a zip object (an iterator) of tuples.

e zip() is a built-in function that combines two or more iterables (lists, tuples, etc.) element-wise.

® The zip object can be converted to a list, tuple, set or used directly in loops.

1. Syntax

2. How it Works

zip(iterablel, iterable2,

# Returns an iterator of tuples

..4, iterobleN)

e zip() tokes the first element from each iterable, forms a tuple.

® Then it takes the second element from each iterable, forms the next tuple.

e This continues until the shortest iterable is exhausted.

3. Basic Example

5. Convert zip object to Other Data Types

print(n, '-2', m)

6. Important Points

Ze =B Sk 10, | 29 S0 v zip() returns an iterator (zip object).
>3] bt = [l v e R
w9 s iptls ) v Use list() or tuple() to see all pairs.
ss5 Ligt(z) v Works with any iterable (list, tuple,
[(10, 'x'), (20, 'y"') N3G )] | string, etc.).
>>> tuple(zip(a, b)) : I v Stops when the shortest iterable

gissh Wity 1o \
(€10, "x"35 (20, "vi), (N EED is finished. |
>»> set(zip(a, b)) ! |

v W ful for combini lated data.

{10, ‘x'), (20, 'y*), (30, 29§} e MR Sl e o

>>> names = ['Amit', 'Riya', 'John'] names Amit Riya John
»>>> marks = [85, 90, 78] marks 85 Gy i
>>> zipped = zip(names, marks) l Ve T l
>>> list(zipped) ..
R lt (list) | 'Amit', 85), 'Riya', 90), 'John', 78
[("Amit', 85), ('Riya‘', 90), ('John', 78)] _ esu_(_LS) . e ’ i s i 5
4. More Examples
Example Code Output ] Explanation
= a2 =4y 2, 1]
1. Two Iterables U, ', < [(1, 'a'), (2, "o )Y )] Pairs elements from a and b.
>33 1ist(zip(n, b))
| >33 = 2] I : :
% FET AN )] (€1, 'x’, Trus), i Combines ':hﬂ!& iterables
Thre s>> M [T o Fabie] (2, 'y', False)] element - wise .
>>> list(zip(a, b, ¢)) |
>>> a €M1, ¥ 3, 4] | Stops at the shortest
3. Unequal Length =" ‘g’ ‘P’ ‘q' i
q ng >»> b =¥'g, 'q’] [, ‘p"). (2, *q')] iterable (b).
1 YA _ >>> list(zip(a, b)) | e
>>> names = ['Amit', 'Riya'] Iterat i d
&. iilitna. in Lo >>> marks = [85, 90) Amit -> 85 g ef ¢ e
% g P ss>»> for n, m in zip(names, marks): Riya -> 90 baples i o ooy

7. Real-Life Analogy

Think of zip() like making pairs

of shoes.

If one box has 3 shoes and another
has 2 shoes, you can make only 2
pairs. The extra shoe will be left

I without a pair.

e

Box 2

e

Result — 2 pairs

L _E




Sets in Python —

&f'

Note: Use sets when you want unique elements and fast membership testing.

e A set is an unordered collection of unique (distinct) elements.
e Sets are mutable (can be changed after creation).
e Elements in a set must be immutable (int, float, str, tuple, etc.).
e Sets do not allow duplicate values.
1. Creating Sets 2. Characteristics of Sets 3. Basic Examples
e Using curly braces {} ¥ Unordered - no index or position. | >N S @&, 2, 3, 2, 4, 1}
si = {1, 2, 3, 4} Unindexed - we cannot access » Nagfe
print(s1) # {1, 2, 3; 4} elements using index. : 1, %, 3. &}
e Using set() constructor v Mutaoble - we can add or remove
s2 = seb([1, 2, '3, 3. &]) elements. Fr3 et is
print(s2) # {1, 2, 3, 4} ¥ No Duplicates - duplicate values False
tomati moved. .
¢ Empty set grgoufematiclly s »>»>» 3 in s
v =
23 = cav() 2 97 Cwst & =~ ID Heterogeneous can store True
different data types.
4. Common Set Operations
Operation ] Description l Syntax Example Output
[ s = {1, 2483}
Add Adds an element to the set. ‘ s.add(x) s.add(4) F1 02, 3, &)
| SANEY 4 | F printQIRYEY 4 | = i
| . [ s = {1, 2}
Update SN ::‘lt"’:‘“l;[mh’ ‘l:"_t’ | s.update (iterable) s.update([3, 4, 41) {1, 42,030 &)
| f i | print(s)
Removes the specified ]| s = {1, 2,23
Remove | element. Raises KeyError | Js.remove(x) s.remove(2) ¥, &}
| if not found. print(s)
Removes the specified s = {1, 2, 3%
Discard element. Does not raise s . discard(x) s.discard(5) 1, 2, A}
error if not found print(s)
P Removes and returns an I 2 O et 2{‘)3} q # (any one element)
op ; .pop x = s.pop sall
arbl.l:mrﬂ element. : srint(x, ) f2, 3} # (r‘e.rnmruns set)
I SN Ir s 5 {1 2, _3]_- -
Clear F {0k, Smirita s.clear() s.clear() set() # empty set
from the set. print)
Returns number of s = {10, 20, 30}
Lang#h elements in the set. LawL) | print(len(s)) *
5. Set Operations (Mathematical) 6. Important Notes
Operation | Symbol Sypice Example Output ¢ Sets are unordered, so we cannot access
Union [ p AIlB 1,2} | {2,3} {1, 2, 3} elements using index or slicing.
Intersection & A& B {1;2.3} & {2;3-4} {2, 3} & Set el,emcn}.s must be immutable (I’ID u.st,
Difference - A -B | 1,2,3}, G {254) {1, 3} dich dFi8et inside o set)
SH'“'“‘“-""E Difference | e i A B_ l_fl'fia_}__h {254} | {1'_‘*__:_}_ 4 Sets are used when we need to store unique
Subset <= { Gl L 2} <=c{1,2,3} True items and perform mathematical set operations.
Superset >= —[l_ A >=B L[1.2.33 >= {1,2} True + In sets, order may change after operations.




«— Set Methods in Python —

¢ Sets are mutable, so we can add or remove elements aofter creation.

e Python provides several built-in metheds to perform operations on sets.

® These methods modify the set in-place unless otherwise specified.

whether the element exists in the set.

Method | Description Syntax Example Output
s = {12, 3}
Adds a single element
add() . ”:19 s.odd(x) s.add(4) e 2 3 W)
) print(s) |
- _1__._ =1 v . . . / F y  EEER §E — v . . —
| Adds all elements from : Lty
upd,ote() S, VR i thadect s.update(iterable) s.update([3, 4, 5]) £14.°79.7 3. 4, 5}
print(s)
2 |
RﬂmwetsF:ZG specified s = 1.3}
remove () el.ew iighy, | m s.remove(x) s.remove(2) {iz,- 3}
Roises KeyError if :
element not found. print(s)
Removeés the specified s = {1, 2,6
discard() ;L::":‘oms:h‘: as. ¢.discard(x) s.discard(5) I {1, 2, 3}
| if element not found. print(s)
| Removes and returns = = {1, 2, 3}
an arbitrary element - | 1 (or 2 or 3)
POP() from the set. x = B-PBP() F - :(P;"P()
Raises KeyError if Flanets | {2, 3} (remaining set)
the set is empty. print(s)
| s = {1, 2, 3) ‘
Remove: I el t
clear() ot t:eusete ki s.clear() s.clear() set() (empty set)
R print(s) |
. ' o N » N !
Ret B 4l s = {10, 5}
copy() B e sct s.copy() t = /s.copy() | {1, 2, 3}
print(t)
i ;
Returns the number s = {10, 20, 30, 40}
} | &4
len() of elements in the set. i ten(s) print(Len(s))
!
Returns a new set with all | s = {1, 2} ‘
union() elements from both sets s.union(t) t = {2,3} Pl 2 34
(OR operation) . print(s.union(t))
Returns a new set with w1 29 371 |
intersection() elements ‘common in s.intersection(t) t = {2, 3, & {2, 3}
both sets (AND aperation) . | print(s.intersection(t))
Returns o new set with s = {1, 2, 3%
difference() elements in s but s.difference(t) L {1, 23}
net in t. | print(s.difference(t))
Returns a new set with | s = {1, 2, 3} |
symmetric_difference() | elements in either set s.symmetric_difference(t) t = {2, 3, 4} | {1, 4}
but not in both. print(s.symmatric._di.ﬂ:amnc.e(t))
. Ret. T if s i s = {1, 2}
issubset() s:b:::sofr:e g s.issubset(t) £ owcfiy 2 33 True
4 print(s.issubset(t))
, : : s = {1, 3 7%}
issu‘perset() f:tu::tTol“Fu’i s is 5.i.ssu.psrset(tj t = {10801} True
Pe ] print(s.issuperset(t))
Bt - waloa s = {1, 2}
isdisjoint() ! h; w "1 5. isdisjoint(t) t /= {3, 4} True
ve no common elements. 4 i Y .
| print(s.isdisjoint(t))
Exa.mple: Usi.ng Set Methods Important Notes
s = {1, 2, 3} ¢ Sets are unordered ond unindexed.
£-afe 4] * {1, g I &) # Duplicate volues are not allowed.
s.update([5, 6]) # (¥ 2.3, 4, 5, &} . i
 removst2) A N 5. 6} ¢ Set elements must be immutable (int, float, str,
s.discard(10) ML, 3.4, 5, &} tuple, frozenset, etoly
x = s.pop() # removes any one element ¢ Methods like add(), update(), remowve(),
print{x) # (elg. 1) discard(), pop(), clear() modify the set
print(s) # remaining elements in-place.
t= {3, 4 7} # Methods like union(), intersection(), difference(),
print(s.unien(t)) # {3 &4, 5,6, 7} symmetric_difference() return new sets.
print(s.intersection(t)) # {3, 4}
print(s.difference(t)) # {5, 6} Tip
'pri.n.t(s.sgmmetric_dLFFerence(t)) * {5' 6, ?} W Uss discard() instead of remove() when you are not sure




—— Traversing of Sets in Python ——

® Traversing means accessing each element of a collection one by one.

® Since sets are unordered, elements are visited in an arbitrary order.

e We can traverse a set using loops.

@ Key Points 4

e The order of elements may change every time

we run the program.

_— - ) — — — s - —

1. Traversing a Set Usingfor Loop

e Sets do not suppert indexing or slicing. 1

¢ We cannot access elements using index. 2.

¢ We can only visit each element one by one 3.
using loops.

Ways to Traverse a Set

Using for loop
Using while loop with iterator
Using set comprehension (to visit and

process elements)

Code
s = {10, 20, 30, 40, 50}
print("Elements of set:")

for x in s:

print(x)

Output (order may vary)

Elements of set:
1@
20
30
40
50

(The order can be different each time)

2. Traversing a Set Using while Loop with Iterator

Code
Idl }

# create an iterator

si=dfaal; "B, 1e¥,;
it = iter(s)
print("Elements of  set:")
while True:
try:
print(next(it))
except StopIlteration:

# get next element

break # ‘stop when all elements are visited

Qutput (order may vary)
Elements of set:
a

b

[+

(The order can be different each time)

—

and create a new set.

Set comprehension can be used to perform some operation on each element while traversing the set

3. Traversing a Set Using Set Comprehension (Processing Elements)

S — —_—

| Code ]

= =l 2o 3ol 6

# Create o new set containing squares of each element
squares = {x*x for xin s}

print("Original set :", s)

, squares)

print(“Squares set

Complste Exumple Output (order may varg}

s = {100, 200, 300, 4e0} Traversing set using for loop:

print("Traversing set using for loop:™) 180
for val in s: - 200
print(val) ! 380
480

print("\nTraversing set using itérator:")

it = i.t.er‘(s) Travursing set usinﬁ iterator:

while True: 100

try: 200

print(next(it)) 3ee

except Stoplteration: 400
break

*

Output (order may \mn_.[)

Original set

Squares set

{1, 2, 3, 4, 5}
LA, 9, 16, 25}

Important Notes

Sets are unordered collections of unique elements.

+* »

We cannct access elements of o set using index.
Traversal visits elements in arbitrary order.
Use for loop for simple traversal.

Use iterator (iter()) when manual control is needed.

* * + »

Set comprehension allows traversal along with

processing elements.

Remember: The order of elements in a set is not fixed. Do not rely on any specific order while traversing.




«— Frozen Set in Python ——

L&

A frozenset is an immutoble version of set.

It contains unique elements, just like a set.

Once created, its elements cannot be changed (no add, remove, clear, etc.).

Since it is immutaoble, a frozenset can be used as a key in dictionaries or as an element in other sets.

2. Characteristics

3. Basic Example

1. Creoting a Frozen Set

Using frozenset() constructer v Immutoble - cannot be modified fs = frozenset([1, 2, 2, 3, 4])
fs1 = frozenset([1, 2, 3, 4]) ofter creation. print(fs)
print(fs1) v Unordered - elements do not have # frozenset({1, 2, 3, &4})
# frozenset({1, 2, 3, 4}) an order.
; ! type(fs)
E - v Unique elements - duplicate
rom o se # 2 g
2 ard inclival il <class 'frozenset'>
s = {10, 20, 30
{ } v Hashoble - can be used as a key Larlfs)
fs2 = frozenset(s) i ¥ y SreLve
in dictionaries or as an element
print(fs2) # frozenset({10, 20, 30}) ; wh
in sets.
= — 8
4. Operations (Same as Sets)
Operation Description Syntax Example Output
o 2 | i fsl = frozenset({1, 2, 3})
Union ehnl:::ha wb:::em o fs1 | fs2 fs2 = frozenset({3, 4}) frozenset({1, 2, 3, 4})
fs1 | fs2
Returns elements common
Intersection i fs1 & fs2 fs1 & fs2 frozenset({3})
in both.
Difference Katirns : ents G fsl1 - fs2 fsl - fs2 frozenset({1, 2})
but not in fs2!
Symmetric Difference Bitusha: elpSghL s\ Siha: fs1 " fs2 fsl1 ~ fs2 frozenset({1, 2, 4})
set but not in both.
Subset Checks if fsl is subset of fs2 fsl <= fs2 frozenset({1, 2}) <= fs1 True
Superset Checks if fsl is superset of fs2. fsl >= fs2 fsl >= frozenset({1}) True
o Checks if two frozensets & 2 FR
Disjoint fsl.isdisjoint(fs2) fsl.isdisjoint(frozenset({5, 6})) True
hove no common elements.
5. Immutability (Cannot Modify) 6. Use as Dictionary Key and in Set 7. frozenset() vs set()
fs = frozenset([1, 2, 3]) As Dictionary Key set frozenset
fs.add(4) # X AttributeError d = {frozensst([1, 2]): "A", frozenset([3, 4]): “B¥} Mutable Immutoble
] : {ean e) (cannot change)
fs.remove(2) # X AttributeError print(d{frozenset([1, 21)1) ‘ e ?
| Cannct be used as Can be used as
fs.clear() # X' AttributeError : V yV /I dictiondry key dictionary key
fs.pop() # X AttributeErr ‘ s ElgnSNvr Sek | |
2IRSR "R =0 1 O L, 21) Cannot be element | Con be element of
" —— b b o & of another set f another set
3 Reason: fs2 = frozenset([3, 4]) .
frozenset is immutoble, so metheds thot : ‘ s = {fsil, fs2} 7y Supports all Only supports

modify a set are not allowed.

7 print(s)
)
4 .3

# [Frozenset({1, 2}), frozenset({3, 4})}

! modifying methods

s P

non-modifying methods

* Ti.p: Use frozenset when you need a set that stays constant and must be used as a key or stored inside another set.






Jﬂpes of Files

_———— %

A file is a named collection of data stored on
secondo.r3 storo.ge (disk).
Python supports different types of files based on
the kind of data they store.

No.

Type of File

Extension

Description

¥

Text Files

Binoxtl Files

CSV _kiles

Los Files

JSON Files

XML Files

‘ Image. Files
Audio/Video Files

Executable Files

ctxt

.bin

. CSV

i los

.JSOI‘\

xml

-JP9» - P"9,

‘9iT, etc.

.mp3, .mpk,

.wav, etc.

.exe, .bat

Stores dota as characters
(strlnas).

Human readable.

Can be opened and ed.ited
u.si.ns any text editor.

Stores data in binary format
(0s and 1s).

Not human readable.

Used for images, audio,
executables, etc.

Stores data in comma
separated values.

Each line represents o record
and wvalues are sepa.m.ted

by commas.

Readable in Excel, databases,

and other programs .

Stores logs of events, errors,
activities: of a program or
system .

Used for debugging and

moni.{:orins .

Stores data in JSON (ja.VG.SCriP{',
Object Notation) format.
Lightweight format used for
data e.xcho.nse. :

Stores data in XML (eXtensible
Markup Lansu.o.ae) format .

Used for data sharing between
different systems .

Stores  images. in various formats
like JPEG, PNG, GIF, etc.
Binary files.

Stores audio or video data.

Binary files.

Contains program instructions .
Executed bﬂ the operod:ins sﬂsi:em‘
Bino.ra -Fi.[es.



. CreatirE and Readins Text Data

—®

Text files store data as characters (strings).
We con create a text file and write data into it.
Then we can read the data from the file.

1. Creating and Writing Text Data
= We use the'open() function in 'w' mode to create
a new text file and write data into it.

Sntax; Example:
- T # Create o text file and write data
f = open("filename.txt", w') . ("d txt” 'w')
= open("demo.txt", 'w
f.write("data") f.write("Hello, this is Python File Handling.\n")
f.close() f.write("We are learning to create\n")
f.write("and read text data.\n")
f.close()
TN | pri.nt("Do.ta. written to file successful.l.g.")
xplanation :
gl N\ o Content of demo. txt:
+ write() - writes the string to file. Hello, this is Python File Handling.
* \n = moves to next Lline. We are learning to create
¢« close() — closes the file. and read text data.

2 Reading Text. Data

- = We use the open() function in 'r' mode to open an
existing text file ‘and read data from it.

Example :

Syntax : - -
B oo @ Gilarome. txb" o'c") # Read entire content of the file
e ’ e ("demo. txt”, 'r’)

data = f.read() # or other read methods goen ==
data = f.read()
f.close() print("File Content:\n")
prf.n.{‘.(d.o.'l:o.)
f.close()
Read Methods:
+ reod() — reads entire file. Output:
+ readline() = = reads one line at o time. File Content:
+ readlines() - reads all lines and returns Hello, this is Python File Handling.
a list of Llines. We are learning to create
ond read text data.

| Other Example: Reading Lline by Lline

f = open("demoltxt”, ‘r') - :
print("Reading Lline by line:") Output :
line = f.readline() Reading Lline by line:

while Line 1= ''% Hello, this is Python File" Handling.
print(line, end="") We are learning to create
Line = f.readline() ond read text data.

f.close()




File Methods to Read and Write Data

Files in Paihon have built-in methods that allow ws to read data from

a file or data a file.
These methods are colled on a file obje.c{:.

1. File Methods for Re.a.d.i.ns Data

write into

If size is not given, file

Method Description Returns
Reads the entire file. If size is sp-e:clfied 5 <
ize=-1 A st
readisike ) reads that many charocters . g
Reads one Lline from the file. If size is
; e g A stri
EESC nallales ) specified, reads that many characters. e
cediRasl R.eo.ds all ‘LLT\GS and returns them as a A st of & (P
list of strings.
sadhBoifsdl. Ghances] Moves the file Pon.n.ter to the given Post.{'.l.on : g reburh
whence : 0 - stoart, 1 - current, 2 - end
tell() Returns the current Posi.ﬁ.or\ of file pointer. An i.nteser
2. File Methods for Writing Data
Method. Description Returns
wri.te(sl:ri.na) Writes the string to the file . Number  of
characters written
writelines(List_ of-stri.nss) NS ee, o st of stxings i e St No return
Each string is written as it is.
seek(offset, wiSUGEE) Moves the file pointer to the given position No &tdn
(same os in reudi,na) 3
tell() Returns the current position of file pointer. An integer
truncabel size shond® Resizes the file to the given size. ? S

is cleared.

3. Examples - Reading Data

(L) Using read()
f = oPen(".*.mPLe.txt", 'r')

data = f.read() # read entire file
print( "File Content:\n", data)
f.close()

(i) Using readline( )
f = oper\( "sumple = e )

[
(i) Usi.na

f =

f.eclose()
(i) Usina

open( "output . txt", ‘w’ )
count = f. write("Helle Pﬁihon File Handling!\n")

pri.n.l'.( "Characters written:", count)

line = f.readline() # read first Lline lines = [°
Pri.r\t( "First Lline:" . Line)

f.close() " f.close()
(i) Using readlines()

f = open("sample.txt”, 'r'J I S

lines = f.readlines() # reod all Llines

4. Examples - Writing Data

write()

# open for writing

writelines()

f = open("ou.tput.l:xl:", 'w')
"First Line\n",

f. writelines(lines)

"Second Lline\n", "Third Lline\n" ]

(i) Usi_ns seek() and tell()
open( "sample . txt", 'r+’ h » open for read ond write
print( "Current ' position:", f.tell())

for L in Llines: f.seek(0Q) # move to start
pri.-n.l'.(l. 3 s'l'.ri.p( M | Pr'i.n.tl: "After seek(0):", f.tell())
f.close() | f.close()
Note:

* ALuaHs close the file after operation using close().
* Use 'r'

a

for rcad.i.r\s, ‘e " Gfor wri.i'.Lns (overwrites cxi.sh'.r\s data),

for nppend.i.ns data without dt.l.a.hi.r\s e.xi.ski.ns content .
* With statement is preferred to automaticelly close the file.

Exa.mpl.e Usi.rus with Stotement
with open('dﬂm. kxt”, 'r') as f:
doto = f.read()
pr'i.r\l'.( dota)

# File is closed automatically




; The Pickle Module L2

The pi.c.kl.e, module in Pﬂi‘.hon is used to serialize and deserialize

F’sthon objects. It converts o Pudthon object hierarchy into a byte

stream, and back again.

1. What is Pickling?

* The process of converting a Python object into a byte stream is called pickling.

* The byte stream can be stored in o file for later use.

* The reverse process (converti.ns bﬂte stream back to ol:ject) ts called unpickling .

2. Functions in pi.ckl.e Module

Function Description

SH I"I.+.O.X

pf.ckla . d.u.mp (obj : Fli.l.e)

Seriolizes (pickles) the object obj and kD). deimp(obj, file)
writes it to the file object.

ickle . dumps (obij)
E P J o bate streom .

Serializes the object obj and returns

pi.ckl.e .dumps (obj )

into a Pathon obJec‘f'..

Reads a pickled byte stream from the
pickle . load (file) file and deserializes (unpickles) it obj

Pi.c.kLa i Laa.d.(-FLLe)

pi.ckl.e .loads( bstes N Deserializes the siven

and returns the Psthon object.

b:j te stream

obJ' Pi.ck[.e .loads( bsfes)

a5 Exo.mp[e - Pi.c.klins and Unpi.cki.l'.ns

(F\) Usi.nﬂ du.mp() and.  Lload()
# Piclena (wri.t'ms object to file)
import pickle
data = {'name': 'Alice’, '‘age': 20, ‘course': 'B.5c'}
with open('dnia..pkl.', 'wb') as 'F:
Pi.c.kle..dump(clutn., )
Pri.nl'.("Object pickled and stored in d.a.to..pkl.")

# Unpickling (reading @bject” from file)
with ope.n("da.l'_u‘pkl', ‘') as f:
data2 = P'LckLe..Locwl(F)
print & Unpickled object: ", dota2)

(B) Uﬁins d.u.rnps() and loads()
import Pickl.e
data = DNLOTEEOEEEO, {3d: 1, fy"of}]

# Pic,kl_'m.s (to bﬂtes}
b = pickle.dumps(data)
print ( "Pickled bsta stream: ", b)

# Unpicktina (from bgte.s)
data2 = pickle. Loads(b)
print i Unpickled object:", data2)

4, Points to Remember

¢ Pickle can handle most Pa'l'.hon objects including Llists, dicts, tuples, sets, strings, numbers, etc.

*» It cannot pickle objects like open files, modules, or functions.
* Use 'wb’ mode for writing pickle data and 'rb’ mode for reading.
¢ Pickle is Python specific, not compatible with other programming Llanguages.

5. Example - Stor‘inﬁ and Re.stor'i.r-.s Different

Objects

# Storina multiple objects in o file

import pickle

list_obj = [1, 2, "SgEA

dict_obj = {'a': d0, @20}

str_obj "Hello, Pickle!"

with open("obje.cts.pkl', ‘wb') as f:
pi.ckl.e.,d.ump(List_obj, £)
pickle .dump (dictl obj, £
pickle.du.mp(str -obj, )

n

print ( "Objects stored su.ccess-Fu.LLﬂ L9

# Re.sl:ori.ns abjeci:s from the file
with open( "obje.c.‘l;s i Pkl" , 'rb') as f:
Li.st_ob_j = Pi.ck.l.e.. load.(f)
dict _ obj = Pi.ckl.e Load(f )
str_obj = pickle.load(f)
print ("List:" , Lifg obj )
Pr-'.n.t (u D'Lctiona.rﬂ 0", dict_ obj )
pri.rd: ("Strinﬂ i obj )]

@ - ALwaﬁs close the file after oPeru’LLons using close() or with statement.

- Pi.ckLe. LS \.re:rtj use.'Fl..LL 'For SCIVi-I\S trained

ML models, QPPLi.CatLOrI data, game states, etc.




Python os and os.path Modules

The os module provi.cles functions for i.n."te.ra.ci:i.ng with  the ope.rahi.,ng sgsl-.e.m,

The os. pa.'r.h submodule provides o set of functions for worki.n.a with file

and. d.i.rec,’cor‘:.j paths .

L.

Module

os

The os module provides o way of using

ope.ra{:i.ns sHsi:e.m depencle.n{ func.'l'.i.onca.l.i.{'.a,

SD"‘L& C.OMI"I‘\OI‘[LB L.Lse.d. o5 I"ﬂOdU.LE. 'FU.I‘\.C*.’LOI’\.S:

2

0s .

pu.ﬂ‘t Module

The os.path module provides functions to
work with file and d.ired’.orﬂ pu.{‘.hs.

Some commonly used os.path functions :

Function Descri.p‘f.i.on Function De.scri.P'l'.i.on
os . ﬁetcwd() Returns the current working os . path . abspath(path) Returns ‘the’ absolute path.
directory .
os . Pal:k. hnse_n.nme.(Pcd;h) Rel:.urns the bmse. PUOLTTLE DF
os . chdir( Pnth) Ch.cm.se.s the current worlt.i.na the path.
i L h .
dmec‘l'.orﬂ el aren Pak os . path. dirname( Pn.l'.h.) Returns the dirzctor5 port
os . Listdir (path) Returns o list of all files and of the path.
directories in the given poth. i Mk s ) Joins one or more path
os . mkdir( pn{.h) Creates o new dj.rectorﬂ at tompor\.ents :
the given path. os . path. split(path) Splits the path inte
os . makedirs (path) Creotes all intermediate-level (head., tail).
directories. os  path . exists(path) Returns True if path exists.
os . rmdir(path) Removes (deletes) an empty os.path.isfile(path) Returns True if path is
directory. an existing file.
os _removzd.i.rs(Pnl:h) Removes empty directories os . path. i.sd.i.r(Pa.th) Returns True if path is
"3""-'-"5"-“’13 . an existing directory.
os .-#.moue(path) Removes (deletes) the 'Fl-Le os. path. aetstze(pa.th) Returns size of the file
ot the given path. in  bytes.
os . rename(src,dst) | Renames or moves a ’Fi-Lf- os . path. Se.‘tmti.me.(]:n‘th) Returns last modification
or d.i.rectors ; time of the file.
os.path. exists(path) | Returns True if path exists, os . path. sP'LL’ce.xt( Pn{'.h) Splits the path into (root,
else False. extension) .
3. Examples

(A) Exomples using os module

impor t os

Prin"c( "Current Di.rec‘hcrs: = , OS. se.{:cmd.( ))
os . chdir( ' TestFolder')
Pri.r\.h( "Chq.n.sed Di.re.c.torﬂi " es. setcwd.( M)

pri.r\.l'.( "Files ond Directories:", os.listdir())
mkdir( 'NewFolder')
: mnked.i.r.s( ‘ASB/C )

rename( "old (txt', 'new kxt')

o5 .

os

os

o5 .
. rmdir { 'NewFolder')
print("Path exists:", os. Po.th,exi.sts( ‘A))

os

remove( ‘new.txt")

# chnnﬁe dlrectarﬂ

# create di.re.ctors
# create nested directories
# rerame file
# remove file

# remove gmpts d.i.rector:.j

(B) Exo.rn.PLe.s u.si.ns os . Pa.l:h

i.mport os . Pal:l\ as Ptﬂ;h
P " 'C: /Users/John/Documents / file . txt'
pri.r\t( "Absolute Path:", path. nhspnth(P) )
Pri.r\‘t( "Base MNome:", Pul'.l\ L hnser\nme.(P))

module

pri.nt( b Di.rectors Name: ", path. d.lrnnme(]:))

Pri.ﬂ.t( “Join Path:", Pn.i:h : Joi.n{ ‘C:/Users', "John', 'Decs’))
print( "Split Path:", path.split(p))

Pri.r\t( "File exists:", Pn.th..exi.sl‘.s(P})

Pri.rd'.( "Is File?:", path. Lsfi.l.e(p})

pr'mt( His, Directory ®: e . isdir('C: /Users/John'))
pri.r\t( "File Size (bal'.es) ", path; gel:si.ze( P ))

pri.nt( "Last Modified Time:", path. setmtime(p))

Print( "Splitext:", path. sPLLtext( p))

Points

to Remember

Use the os module te perform operations related to the operating system Llike

crea.l'.-'.ns / removing directories, files, chn.n.gins directories, etc.
Use the os. poth meodule to handle file and directory path manipulations.
os.getcwd() returns the current working directory.

os . chdir( pa.’c.h) changes the current working directory.

Always check if a file or directory exists before performing any operation.




Regular Expression Operations:

e Uhsing Spestal, (Chanrockes & G

Re.gul'.o..r Expre.ssi.on.s (rese.x or re) use spe.c.i.n.L characters to r‘e.Pre.se.rd:.

Po.tte.rn.s. These spe.c.i.ai. choracters have spe.c.L-Fi.c. me.cm.i.nss and. he.[.p

in se.arc.hing, matc.hi.nﬂ and. mo.nipu[o.ﬂ.nﬁ text .

1. Common Spe.ci,a.!.

Characters in R.e.sui.o.r ExPressLon.s

{n,m}

occurrences of the Precad.u'.ns

element .

Special Character Meaning Example Matches
j Motches an:j: 5|.n5l.z character o\ hbe. A2Y 4ic
except newline (\n).
Matches the start of o stri.ns_ M hello helle  world
Matches  the. end of a string . world$ hello . world
* MaETY P Br modEs ccedgoogeds ab*c as dbe; abbe; wbbe
of the preceding element .
$ Motches 1 crr‘ more occurrences S e bbb skt
of the Prececlw..n.a element .
2 Matches 0O or 1 occurrence c:-F 2 L lo
f ie Jpreabiify elkkalt, colou?r color, colour
Motches exactly n ocecurrences
3
{n} o-F the Pre-:ed.:’.ns element . D-{ } e
{n} Matehes n  er more ococurrences " {2 } E il
: of the Preced.i.r\.s element . " : & S
Matches between n and m
Q{Z,q} ao, oo, o000

L]

Matches any one cha,m.s;;ter
inside the brackets.

[abe]

a, b or ¢

An:j character e.xc.e.Pi;

I: A :l Motches any character NOT [A % c.]
inside the brackets. ; &, by oy c
wd Matches any digit (0-9). Wd+ 123, 45, 78490
"D Matches Gy nen- d.i.s it chaorocter. WD+ abe, #$%, hello
Matches any word character
3 Y | Nw+ ab bl 2%
g (o.l.Pho.numaf'f.c. + underscore). p § N g o
W Matches any non-word character. oW+ @, #, $, %, !
e o Matches any whitespace character ok o by odfby ofnb
(spoce, tab, newline etc.). .
\S Moatches oany neon-whitespoce WG4 e Sl@ %5%
character . a e
L Matches either the pattern before | . & | dos cat or dog
or after the | (OR operator).
C Groups patterns together. (abe) abe
ps_p 9
2: E""“’"—""“I?’l‘?-S 3. Complex Ex.nmpl.a
1. Dot (.} : a.c
Text: "abe ale a@ec ace” — Matches: abe, ale, a@c Patterm : A[A-Z][a-z]+\Wws\Wd{41}$
2. Start (;) E Pﬂthﬂ{;‘ i shi * "B d=tort of ‘string
Text : " :jlih.on LE un —» Matehes : Ut or . . V. 3 5
3. End ($) ¥ /£ [A-2] first letter capital
Text : "helldPw R la" V, Mbiches  Quadld e [a-z]+ —=+ one or rore small Lletters
4 Stor (%) ab*ec * Ms . = a spoce
Text: "oae abe obbe abbbe" = Matches: all « wWd{a} = exactly &4 digits
5. Plus (+) : ab+c - % — end of string
Text: "oc obe abbe oabbbe” = Motches: abe, abbe, abbbe
6. Question (?) : colou?r Text :
Text: "ecolor colour eolouwr" = Matches: color, colour John 20254 v b Motéeh
7. Character set [] : [aeioul, . Alice 1999 bl Match
Text : "nppl.a barara orange i —= Matches: a, e, a, a, a, & bob 2024 %X “No Match (b is ok c-np'd;ol}
8. Digit (Wd) : Wd+ Tom 123 % Mo Mabch ol 3 ldiaits)
lext: "Room 12, Floor 3" - Motches: 12, 3 5, 5 3
A B ah . s Jerry 20234 X No Match (s d..shts)
Text: “Hello_123 world!"® — Matches: Hello_123, world Pileg-0fes X No Match (no space)
e e e e e e v
Note :

» Special characters help in building powerful search patterns.
e Use row strinss (" pal.te.rn. ke ) in P‘dthon te aveoid es:o.i:-i.n.a boackslashes .
# Combine these characters to create complex and flexible rt.su.Lnr expressions .




Regutar Expresswn Methods

The re module in Pﬂl‘.hon. provides various methods to work with regular expressions .
These methods are used to search, match, find, split, substitute, etc.

1. Common Regular Expression Methods

Method Descri.p-l’.i.on. Suntn.x Returns Example.
re.makeh() Checks for a match only re.match(pottern, string, Makch object if re.makch(r'abc’, 'abedef')
at the bu.ai.nn.h\a of the flags=0) match  found, _ )
string. 3 o # Match object
re.search() oy )it re.search(pattern, string, Match object if re.search(r'abc', 'zzzabczzz')
OCCUrTence n-F the Pal:tem £l S’O) found, else MNone b Mol ob t,
onumhm in the string. *3 & Jee
; Returns all non-overlapping | e findall(pattern, stri List of all indall(r'\d*', 'a1b22¢333"
ra.-Fmd.a.l.l() meQResgbthe 74 P ing, B re . fi (r o c )

in the $|:r'm3 as a list.

flags=0)

v 'L

2', '333"]

re.finditer()

Returns an iterator ';fl"‘u""ﬂ
Motch objects for all non-

re. finditer (Po.H'.errL » string,

Tterator of Match

re.finditer(r"\d*', 'a1b22c333")

- Pnl.uuas wie raw str-inss. (r

) for regex patterns to awoid escape sequence issues

ap | objects 4
Sty Joha. flags=0) B # <callable iterator>
re. fullmatch() | Checks if the entire string | re_fullmatch(pattern, string, [ Motch object if |, o ynsben(r'\a¥, "123457)
motches the pottern. flags=0) entire string !
| e 3 N g T # Match obJe.c.’c.
e sBliE0) s:l‘::*m t:ds*;mﬂ bsq"zt re.spli&(putter:, string, List of substrings rg.sPll.i.t.(_r:,\..s‘.',llnl, b <, d4")
of substrings. moxsplit=0, flags=0) &R L )
re.sub() Raplaces all occusrences re.sub(pattern, repl, string, | String with re.sub(r'\d*", '#', "a1b22c333")
Q'F the Pﬂ.ttﬁﬂ'\. with the CDU-I’L".’O, FL@SS”O) rgplnwts # Iﬂ-#b#c#l
replocerment sl'.ri.na.
il Same. as re.sub() but re.subn(pattern, repl, string, | Tuple (new_string, | re.subn(r'\d*', '#', 'a1b22c333")
also returns the number count=0, flags=0) numberof_replacements)| 4 (‘a¥bkck’, 3)
| of raplo.mnmts made .
| re.compi.l.e() [ Campil.cs o pattern inte a r!..cnmpi.i.e{pn’c'cem, 'FLnas-O) Reﬁzx pattern ij. - r‘t.co‘mpih.(r'\d.")
| | Regex ohject for repeated use. | object
2 Exa.mpl.e.s
(o) re.motch() (b) re.search() (e) re.findall()
import re impart re import ‘re
text = "hells world" text = "welcome to ps':hm" texil & H°‘PPL‘ 12 o 45 b 78"
m = re.match(r'hello’, text) m = re.secm:h(rrpﬂthon', text) : :
4 4 d : Lst = re.findall(r's &', text)
Prm‘h(m} # Match object Frm.t(m) # Makch object ; Ny e
m = re.match(r world’, text) m = m.senrch(r"jn.m', text) pr-.n’c(l.st) # ['12', "45’, '78']
Prl..r\.t(m) # None (not ot start) pri.r\,’c(m) # None
(d) re.finditer() (e) re.fullmatch() £ re.sp].it()
import re import re import re
text = "itemi item2 item3" et i
for m in re finditer(r'item\d’, text): text1 = "12345" text = "a,b, ¢, d,e"
a &‘Pﬂz%("'--amr()} text2 = "1234Sabe" parts = re.split(r’,\s*', text)
# u.m : print (re.fullmatch(r'\d*', text1)) # Mokch print (parts) # ['a','b", e, 'd', 'e']
: ::::; \J Frmi.(re}hletah(r‘\d.“‘, text2)) # None
(g} re.sub() (k) re.subn() (i) m.campi.l.s()
import re import re import re
text = "My numbed is_1834° text = “abc 111 def 222 ghi 333" pab. & re. compile (r' [A-2]+2)
new_text = re.sub(r'\d®’, "XXXX", text) || new_text, count = re.subn(r'\d*’, '#', text) || text = "PYTHON is FUN"
print(new_text)  # My number is XXXX print(new text) # obc # def # ghi # m = pat.search(text)
Pri.nl(mmk.) # 3 Pri.nt(m.smp()) # PYTHON
3. Match Objed‘. Methods (used with match, search, fullmotch, finditer) { Exampla:
- 3rau.p() Returns the ‘matched stri import re
+ start() Returns the  starting index of the match. m = re.searchCri(\d+)=(\w+)’, 'ID: 101-Ajay’)
e end() Returns the ending index (first index after maktch). print (m.group(}) # 101-Ajay
* span() Returns o tuple (start, end). print (m.group(1)) # 101
. sr‘ou.p‘-!(.) Returns all cmptured. groups as o Euplﬁ. pl'inl:(m.sroup(Z)) # AJ“-:;[
* group(n) Returns the nth coptured group. print(m.start())  # Start index of whole match
Pru\t(mmd-()) # End index of whole match
Mote : Pri.rd;(m.spcu\,()) # (Stnrl) End.) o‘F whole match

¢ re is case-sensitive by default. Use flags like re IGNORECASE for case-insensitive matching
* Use re.compile() if the same pattern is used multiple times for better performance.




*Name.d Groups in Pﬂthon. Re,gul.a,r Expressions .

Nomed groups allow us to assign o meaningful name to a group (subpattern)

so thot we can refe.r to it later in o match obje.c’t

1. Stdnta.x -For Named Grou.ps

u.si.ns the name .

Sﬁntax Description Exomple
Defines o named ca.p‘turinﬁ group.
‘name’ must be a valid Python (?P< word > \w+)
(?P<name > pattern) identifier (letters, digits, underscore) i g
and must start with o letter or Y T " Y
underscore .
P=
2 Refers to o pre.vi.ousL:] defined (P =ers) _
(.P=nu.me) e # Matches the same text
J P as group 'word '
2 Acc.e.ssina Nomed Grou.ps
Methed Description Example

srou.p( "name. ')

the named group.

Returns the subs’cri.ns matched b‘\.j

m.sroup( 'nn.rne.'}

# Usi.ng nome

unnomed) as a tuple .

grou.l:ndi_c{‘.( ) Returns :_d_ d::;omrgj_u:{: all nomed m. srwpdi.ct() # Returns dict {name:value}
groups a ir v s.
sroups( ) Returns all greups (named and m. Srou.Ps() # Tuple of all groups

start('name'), end('name'), Returns start

spcm.( 1rm.rm=.')

index, end index, or
(start, end) span of the nomed group.

m.start('nome'), m end('name'),

m.spo.n('no.mr}

3 ] Exa.mpl.e.s

(A) Accessing Named Groups

import re

text = "Nome: Alice, Age: 25, City: Pune"
pottern = r“Na.mg:\s'(?P(mm)\w*),\S‘Aaa:\s‘
(?P<age>hd+), \s* City:\s* (PPeeity>iw+)"

m = re..se,a.rr.h(Po.H:e.rn, kext)

# Ac.c.assi.ns u.si.ns sroup(mme.)

Pri.n{‘.("Nw e m.aroup(‘ruune')) # Alice
Pri.nt(" Aae. o m.srnup('a.ae.' M # 25
print & C;.t:j M m. 3f‘ouP( 'c.Lt:‘ £ ) # Pune

# Accessi.ns all named groups as d.i.cti.amrs
prmt(m.smupdkt()) # {m.m “Alice’, ‘aﬁz': 25 'cttﬂ : 'Pu.nz'}
# AL groups as tupLe.

Frint(m_arf;ups()) # ('Alice', '25', 'Pune’)

(B) Usins G No.me.d. GFDI..LP RE{E.‘I’ERGE.

meor"t re
text = "abc123abce”
pottern = " (PPeword > \w+ INd+ (2P = word )"

# (?P=word) matches the same text
# that wos motched bs the group named ‘word’
m = re..se.a.rch(Po.H‘.err\, text)
if m:
pri.r\.t(“ﬂa.tched.i", m.sﬂ;up())
Pri.n‘h("word. 3roup:", m.SMuF('word'))

# abc123abe
# obe

else:

print ("No match”)

) Usi.rus stort(), end(), 5Po.n() with Named. Groups
impert re

text = INV-2024-567, Date:

"Inveice No:

m = re. seu.rc.hl:Fa.Uce.rn, text)
L‘F m:
Pant( "Involce:", m. smP( ')

pri.nt("D'ate Q) m.ﬁmup('d.a.l:g')}

12-05-2024"
pottern = r'Invoice No:\s* (PP<inv> \w+=\d+=\d+), \s* Date: \s* (?P<dote> \d {2} - \d{2} - \d{4})"

print ("inv span

print ("date span:", m.span(‘dote’))  #° (32, 42)

", mospan('tnv')) p £12, 24)

r4. K-e:j Points
* Named groups make regex more readable and easier I,’

to maintain, I

s Use srequ'nnm.a') or Sr{:upd'\d:t) to occess them. :

* Noamed groups work with all match ol:_jeat methods :

like start(), end(), span(). !

. Bmkrefgre_nms con be made usi.nﬁ (?P'Mm) :

| ® Names must be unique within the some pattern. :
|

(?P<nome>... )
| (?P=name)

m.sroup('mm'}
m.srouPde:()
start("name ')
end ('name ' )

E'F‘"“( "nome ' )

Defire o nomed greup

Reference the named group

Get motched text b& name

Get all nomed groups as dictionary
Start index of named group

End index of nomed group
(start, end) of named group



Regular Expression with glob Module

L @
The glob module in Python is used to find files and directories whose nomes match
o specified pattern. It uses Unix shell-style wildcards, which are a simplified form of
regulor expressions.
1. glob Module 2. glob Patterns (Wildcards)
import glob ) Pattern Meaning Example Matches
glob.glob( pathname, *, rock_dir=None, recursive=False, include_hidden=False) Motches any number of
* character ORIy vero) ¥ . txt a.txt, test.bxt, 123.txt
glob.iglob(pathname, *, rook_dir=Mone, recursive=False, include_hidden=False)
N Matches any sinslg Jb
! A file?.py filel.py, fileA.py
Lob.glob() returns a list of all pathna matching the tern. Matches character
# glaboglant) el Y4 s foeadl | &2 A dota[049] txt | datal.txt, dateS.txt
» glob.iglob() returms an iterator which yields the pathnames. ¢
Motches any one character
! 4 ile[10-97. ileA.py, file_.
[!seq] NOT in seq file[10-9].py | fileA.py, file_.py
Matches any number of . %
o3 directories (recursive) *H/%.py oll .py files in subdirs

3. glob vs Regulor Expressions

Feature glob (Wildcard) re (Regular Expression)
Purpose File/Poth nome matching Text pottern matching
Syntox Unix shell-style wildcards Regular expression syntax
Example ¥.txt, data[0-9].csv “data[0-9]+\.csv$
Used for Filenomes and directory paths Any text dato
Module gleb re
Recursion %% for recursive directory search Not applicable

Phefirinanok Benerally fastes fopffile search Mere flexible, powerful

4. Examples

(A) Bosic Examples
i.mpm-t gl_ob
print(glob.gleb("*.py"))

import glob
AlL .py files in

current directory

Prir\t(ngb, al,ob("d.o.tn??_csv")) # Matches dota01.csv,
datahB _csv
print(glob.glob("report[1-3] . txt")) # reportl.txt,

report2.txt, report3.txt

L -

(B) Recursive Search with *¥

# ALl .py files in subdirectories only
print(glob.glob("**/* py",

# ALL .txt files in current d--lr'e.c.bnrld and subdirectories

print(glob. glob("**/* . txt", recursive=True))

recursive=True))

(C) Directory Search

import glob import gleb

(D) Using iglob()

print(glob. glob("docs/")) # ALL entries in docs/ for file in glob.iglob("**/% Log", recursive=True):
Print(aLgb,sl,ob(”d,qcs,f"_m,d“)) # ALL .md files in docs/ pri.nt(Fi.Lﬂ) # Prints .log fiLss one bﬁ ane (ihsrnhur)
Y. al.ob Pattern vs Resulm‘ Expre.ssi.on. Equi.vo.l.en.t
( glob Pattern A A W Hwning Equr'wnl.gnt_ Regul:.lr E_xgr:fsi.fn (ciniaph.w.l.)
¥, bxt Any string ending with _txt 2 AN T Y A
file?.py file + any single choar + .py ~file. N.py$ A

data[0-9] . csv

data + any digit * .csv

report[11-3]. txt
*%/% py

6. Key Points

[ * glob is used for filename/pathname pattern matching.
e It supports wildcards *, 7, [seq]. [.'seq] and

\ ;

report + any char except 1,2,3 + .txt
Any .py file in any subdirectory

ik

Use recursive=True with ** to search in subdirectories.

glob.glob() returns o Llist, glob.iglob() returns an iterator.

Reguloar expressions (re) are more powerful and used for general text processing.

Y rd
f@\

Use glob for file and directory name matching (wildcards) .

Adata[0-9]\ .csv$
"‘repart[":l—.?o:!'i. thﬁ. \S

Lo B p3$ (cam:sptl.l.u.l..) 3

Example Scenario

its subdirecteries whose name
app and ends with .log

import glob

print(files)

Use re for advanced pattern mutchina in strings (rsgul.u.r sxpresfpi.ou'\s)-

Find oll log files inside logs/ directory and

starts with

iles = glob.glob("Logs/#**fapp* . Log",
gleb.g 9 app* . leg

recursive=True)
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Object-Oriented Programming:

. + Classes and Objects - .

OOP (Object-Oriented Programming) is a programming paradigm that uses objects and classes.

It helps in writing clean, reusable and modular code.

1. Class

A class is a blueprint or template

for creating objects.

It defines a set of attributes
(variables) and methods (functions)
that the objects of the class will have.

class ClassName:
# attributes
# methods

3. Example
Define a class and create objects.

class Student:
def __init__(self, name, age, roll):
# attributes
self.name = name
self.age = age
self.roll = roll

# method

def display(self):
print(f"Name : {self.nome}")
pri.nt(‘F"Age . {sE'.‘F.a.ge}“)
print(f"Roll No : {self.roll}")

2. Object
An object is an instance of a class.
When a class is defined, no memory is ollocated.

Memory is allocated only when an object of the class is created.

object_name = ClassName() # Creating an object

object_name.attribute # Accessing attribute

object_name.method () # Calling method

4. Key Points

¢ Class is a blueprint.

* Object is a real-world entity and an instance of class.

* Use class keyword to define a class.

o __init__()isa special method called constructor.
It is called automatically when an cbject is created.

* self refers to the current object.

» Dot operator (.) is used to access attributes and methods.

5. Anatomy of a Class
[ Class Name

class Student:*

def __init__(self, name, age, roll): « [ Eonstriichor

Create objects and use them Output self.name = name

3 Lf n , | Attributes
s1 = Student("Alice", 20, 101) Name : Alice BeLTLOge: Se0ye (Varksiles)
s2 = Student("Bob", 21, 102) Age @ 20 self.roll = roll L J

Roll No : 101

1.displ i '
s : :;'; oy() Mome -+ iBaB def display(self): — —T g Method
rLm 1
v . Age 21 pr'i.nt("Nume:", self.name) (Function)
s2.display() Roll No : 102 : )

6. Multiple Objects

Many objects can be created from the same class.

s1 = Student("Alice", 20, 101)
s2 = Student("Bob", 21, 102)
s3 = Student("Charlie”, 22, 103)

s1.display()
s2.display()
s3.display ()

9. Summary

* Class is o template; object is an instance.

7. Modifying Object Attributes

Attributes of objects can be changed.

s1 = Student("Alice", 20, 101)
pri.nt("BBFore:". sl.age)

sl.age = 21 # Update attribute
prlnt("Af‘ter L sl.nge)
| QOutput:
Before: 20
After : 21

e __init__() is used to initialize object attributes. -

s self represents the current object.

* Objects have their own copy of attributes.

* OOP mokes programs modular, reusable and easy to maintain.

8. Deleting Object

Object can be deleted using del keyword.

s1 = Student("Alice", 20, 101)

del sl

# sl con nolonger be used

# print(sliname) = # This will give error

Real-Life AnuLogy

Think of a class as a blueprint of a car.
Objects are the actual cars
built using that blueprint.



e Creating Classes in Python

Build Your Own Data Types with Classes ———

-

I

P : ' In Python, a class is a blueprint for creating objects.
@\ Creating a class means defining a structure that will hold data (attributes) and behavior (methods).

1. What is a Class? il 2. Syntax to Create a Class

E &R g
A class is a user-defined template or blueprint Class E
that defines the properties (attributes) and Attributes | class ClassName:
actions (methods) of objects. R |' Class
# class bod -
I % Definition |
feke | pass #/empty, class
-~ |
pEs .8 o J

4. Adding Attributes and Methods

class Student:
def __init__(self, name, age): # constructor

"

‘mm 3. Creating a Simple Class

i S

class Student:

. pass # empty class self.name = name # attribute
L ) self.age = age # attribute
* Student is the name of the class. def display(self): # method
* pass is used when the class body is empty. print(f“Name: {self.name}, Age: {self.age}")

| (¢

I 5. Creating Objects from a Class Dy 6. Cl;ss with Multiple Methods ;

— — N T s - —

# create objects class Rectangle: g
s1 = Student("Alice", 20) . def __init__(self, length, width): r = Rectangle(S, 3)
s2 = Student("Bob", 21) Output: self.length = length print(r.area()) #15

self.width = width print(r.perimeter()) # 16

Name: Alice,
Age: 20 def area(self): o =

return self.length * self.width

# call method using objects
s1.display()

sZ,displny() :;:L:e:zfah. def perimeter(self):
return 2 * (self.length + self.width)
7. Key Points r' [ 8. Real-Life Analogy ]
@ Use the keyword class to create a class. :‘r_;:l;s_s_h _:_{;a;{_l;h;;r;;t; _______ ‘I
@ Class names follow the TitleCase convention. | ( Attributes — color, model, price !
@ The __init__() method is the constructor. | Methods — start(), stop(), drive() |
@ self refers to the current object: | Object - carl, car2, car3 i
@ Attributes are defined inside thé gopstructor. | | 00000 AN\ AT TTTTTTTTTTTTTTT F:
@ Methods define the behavior of the class. Just like @ car is built using a blueprint,
objects are created using a class in Python.

e Creating a class allows us to define our own data type. "Create classes,
ﬁ e Classes make the code modular, reusable and easy to maintain. create smarter programs!”
» Objects created from a class can store data and perform actions. ——

e Classes are the first step in Object-Oriented Programming (OOP) in Python.
b




e Creating Objects in Python

In Python, an object is an instance of a class.

Objects are created using the class name followed by parentheses ().

1. Class Definition

First, we define a class using the class keyword.

class Student:
def __init__ (self,

self.name =

name, age, roll_no):
name
self.age = age

self.roll_no = roll_no

def display(self):
print(f"Name : {selfi/name}")
{self.age}")

print(f"Roll No : {self.roll_no}")

print(f" Age

3. Accessing Object Attributes

We can access attributes of an cbject using the dot (.) operator.

# Accessing attributes

print(sl.name) # Alice
print(sl.age) # 20
print(sl.roll_no) # 101
print(s2.name) # Bob
pri.nt(sz.age) # 21
print(s2.roll_no) # 102

5. How Object Creation Works

1. Class is defined 2. Object is created 3. __init__() is called

- -

— | obj - Clc\.sanme()J —

A blueprint Memory is allocated Constructor (__init__)
(temp[ate) is for a new ob_ject. initializes the object.
created.

7. Multiple Objects 8. Key Points

Many objects can be created from the same class, .

# Creuting multiple ob_jects L

s3 = Student("Charlie”, 22, 103) ClassName().

sh = Studen‘t("[}uvid", 23, 13#) -

# Using objects R

s3.display() &

print()

s4.display() .

2. Creating Objects

Objects (instances) are created by calling the class

like a function.

# Creating objects of ‘class Student

sl =
52 =

i Here,

s1 and s2 are objects (instances) of the class Student.

.
.; :\

Student("Alice", 20, 101)
Student("Bob",

21, 102)

4. Calling Object Methods

We can call methods using the object.

# Calling method
sl.display()

print()

s2.display()

4. Object is ready

Object can be used
to access data
and methods.

Object is an instance of a class.

Objects are created using
Each object has its own memory
Dot (.) operator is used to

access attributes and methods.

__tnit__() is automatically

called when an chject is created.

Real-Life Analogy i
Class is like a blueprint of a house.

Objects are actual houses built

using that blueprint.

Note:

Blueprint (Class)

&l

o

e==|

6. Example (Complete)

class Student:

def

def

_Anit__(self,

Each object has its own copy of attributes.

Output
Name :

Age

Name

Age

self.name = name

self.age

self.roll_no =

display(self):
print(f"Name
print(f"Age

print(f"Roll No :

# Creating objects

= Student("Alice", 20,
s2 = Student("Bob",

# Using objects

sl.di.spl.u.g()

print()

s2.display()

21,

= age

roll_no

name, age,

Alice

: 20
Roll No

101

: Bob
h 21
Roll No -

102

roll_no):

: {self.name}")
: {self.age}")

101)
102)

Objects (Houses)

— & 4 2

housel

Each object is independent. Changing one object's data does not affect another object’s data.

house2

{self.roll_no}")

house3



The Constructor Method

A constructor is a special method in Python used to initialize (set initial values to)
the attributes of an object automatically when the object is created.

1. What is a Constructor? 2. Syntax

* The constructor in Python is the __init__() method.
¢ [t is automatically called when an object is created.
e It is used to initialize the attributes of the class.

e The name must be __init__ (double undsercores before # initialization code

class ClassName:

def __init__(self, parameters):

and after init). pass

s self : refers to the current object.

3. Example
4. Creating Objects and Using Constructor

Example of a class with constructor.

class Student: # Creating objects (constructor is called automatically)
def __init__(self, name, age, roll_no): sl = Student("Alice", 20, 101)
# initializing attributes s2 = Student("Beb", 21, 102)
self.name = name Output
self.age = age Name : Alice

# Using objects

self.roll_no = roll_no Age : 20
sl.display() Roll No : 101
def display(self):
: g g print()
print(f"Name : {self.name}") Name : Bob
print(f"Age : {self.age}") s2.display() Age . 21
print(f"Rell No : {self.roll_no}") Roll No : 102
5. How Constructor Works? 6. Key Points
& £ir) 0% 0 e __init__() is called only once, at the time of object creation.
— obj = ClassName() —P " automatically —P a’ s It is used to set initial values to the attributes.
e e It takes self as the first parameter.
Class is Object is Attributes are Object is ready e We can pass any number of parameters to the constructor.
defined created initialized tok sk s If we do not define a constructor, Python provides a default
constructor.
7. Example without Constructor
If we do not define __init__(), we must set values manually. 8. Def‘-"-U-Lt Constructor
class Student: If no constructor is defined, Pytham provides a defoult contructer 1 Constructors help to
def display(self): without parameters. = ~ write clean, simple
print(f"Name : {self.name}") 2 4 g 4
print(f"Age i {self.age}") class Student: g ; el.-r:‘m“-ft‘ee cca‘ .
# Creating object by initializing object
pass ;
s = Student() ald data at the time of
# Setting values manually pput creation.
s :ndme & PCharlis” Nome : Charlie | s = Student() # default constructor is called
s.age = 22 Age c 22
s.display()

9. Real-Life Analogy

Objects (Houses)

Think of a class as a blueprint of a house.

The constructor is like the person who builds
— the house and sets everything (doors, windows,

lights, etc.) when the house is constructed.

Blueprint
(Class)

Each constructed house is an object.



e Classes with Multiple Objects i

A class is a blueprint (template) for creating objects.

We can create any number of objects from the same class. Each object has its own memory
and maintains its own copy of attributes.

1. Example Class 2. Creating Multiple Objects

Here is a class Student with a constructor and a methed. We can create any number of objects of the same class.

class Student: Ny . T
def __init__(self, name, age, roll_no): # CreatingQNBIE opfBhs of| class Styfy:

# initializing attributes

self.name = name sl = Student("Alice", 20, 181)

self.age = age

self.roll_no = roll_ne s2 = Student("Bob",\21y) 162)
s3 = Student("Charlie", 22, 103)
def display(self):
pr‘int{‘F"Nmﬂe . {53].?;"-01“’3}“) s = Studsnt("Duvid", 23, 1@4}
print(f"Age « {gelf.age}")

print(f"Roll No : {self.roll_no}")
print("-"+25)
Here, s1, s2, s3, s4 are four different objects (instances)

. -

_@ The constructor (__init__) is called automatically of the same class Student.
" every time an object is created.

3. Using Multiple Objects 4. Output
We can call methods for each object. Name : Alice
Age : 20
# Using objects Roll No  : 101 ’ Note
sl.display() Noik . Bob All objects are
s2.display() Age il created from the
Roll No : 102
sldisplay() SQUR AV || .€0 | | ... AN Ay same class.
s4.display() Name : Charlie But each object
Age : 22 has its own copy
b & Roll No : 183 or o
Each object will display its own data. Name : David
Age 23
5. Memory Representation Roll, No sag
Each object occupies separate memory. »
s1 (Object) ' 6. Key Points
name = Alice, age = 28, roll_no = 181 |
N P e A class can have any number of objects.
Student i
udern s2 (Object) e All objects are created using the class.
(Clﬂ&s) name = Bob, age = 21, roll_no = 182
¢ Each object has its own memory and data.
Blueprint / Template s3 (Object) !
i e =\Chaclia, i =i D rolling = 403 e Changes made to one object do not affect
' other objects.
st (Object)

s Methods can be called for each object
individually.

name = David, age = 23, roll_no = 104

7. Complete Program
# Class definition

8. Real-Life Analogy
class Student:

def __init__(self) name, age, roll_no}: Think of a class as ‘a “Car” blueprint.
self.name = name . S —— ) ——

self.age = e . 5 f 4
se'I.F_rg'LI._n:g- roll_no l_l——v ObJECtS (CCI.I‘S)
def display(self): E & >
print{f"MHame : {self . name}™) — & & &
print(f"Age : {sélf . age}”)
print(f Roll No : {self.rall_na}") Car
print{"-"25) (Class) Car 1 Car 2 Car 3 Car 4
# Creating multiple objects Blueprint P g %

s1 = Student("Alice"”, 20, 181)

s2 = Student("Bob", 21, 102)
<3 - Student("Charlie”, 22. 103) All cars are of the same type (Car class)

s4 = Student("David”, 23, 104)
# Using objects
sl.display()

but have different colors, numbers, owners, etc.

s2.display() SLI.I’T‘II'I'I.GFH
s3.display() s Multiple objects can be created from the same class.
s& . display() ¢ Each cbject is independent.

s This is the power of Object-Oriented Programming.



(o

Class Attributes versus Data Attributes

e

In Python OOP, attributes are the variables that belong to @ class or an object.
They are of two types: Class Attributes and Data (Instance) Attributes.

: 1. Class Attributes

* Defined inside the class but outside any method.

¢ Shared by all objects of the class.

¢ Single copy exists for the class.

¢ Changes made through one ohject reflect in all objects
unless shadowed by an instance attribute.

¢ Accessed using ClassName.attr or object.attr.

Example:

class Student:
school_name = "SGBAU College” #
total_students = @ #

class attribute
class attribute
def __init__(self, name, roll_no):

self.name = name # data attribute
self.roll_no = roll_no # data attribute

Student.total_students += 1

3. Example Program

class Student:

school_name = "SGBAU College"” # Class attribute
total_students = @ # Class attribute
def __init__(self, name, roll_no):
self.name = name # Data attribute
self.roll_no = roll_no # Data attribute

Student . total_students += 1

# Creating objects

s1 = Student("Alice", 181)
s2 = Student("Bob", 102)

s3 = Student("Charlie”, 103)

# Accessing attributes
print(Student.schocl_name)
print(sl.school_name})
print(Student.total_students)
print(sl.name, sl.roll_no)
print(s2.name, s2.roll_no)

# Access via class
# Access via object

6. How They Work (Diagram)

Class: Student

Object: s1 | Object: s2 ‘ . Object: =3
| |
| school_name = "SGEAU CUILEBB"L__, name = “Alice” I Nname = "Bob" |r_| name = “Charlie
total_students = 3 rolllne = 161 J roll_ni(= 162 || rollno = 103
- e L 8 A
(One copy shared by L | J

all objects) . ‘
(Each object has its own copy of data attributes)

8. Important Note

: + You can access class attributes using beth €iass anc ot ject.
—@— * You can modify class attribute dising €lass name.

Student.school_name = "Maw College” # changes for all objects

2. Data (Instance) Attributes

+ Defined inside methods (usually __init__()).

¢ Unique to each object (instance).

¢ Each object has its own copy:

* Changes made to one object do not affect other objects.

e Accessed using object.attr.

Example:

class Student:
def __init__(self, name, roll_no):
# data attribute (instance)

self.name = name

self.roll_no = roll_no # data attribute (instance)

4. Qutput

SGBAU College # Class attribute (via class)
SGBAU College # Class attribute (via object)

3 # total number of objects created
Alice 181 # sl data attributes

Bob 102 #

s2 data attributes

5. Comparison Table

Feature Class Attribute Data (Instance) Attribute
Defined where? Inside class, outside methods Inside methods (usually __init__())
Belongs to Class Individual object

How many copies? Single copy for the class One copy per object

Shared? Yes, shared by all objects No, unique te each object

Access ClassName .attr object.attr
or object.attr

Change effect Affects all objects Affects only that object
(unless shadowed)

Example Student . school_name sl.name, sl.roll_no

7. Key Points

° Class attributes are for data commen to all objects.

° Data (instance) attributes store object-specific data.

@ If an instance attribute has the same name as a class attribute,

it shadows (overrides) the class attribute for that object.
@ Use class attributes for constants or shared information.
@ Use data attributes for unique information of each object.

Modifying via object may credte an instance attribute (shadowing).

s1l.school_name = "My Institute” # creates instance attribute
# My Institute

# New College

print(sl.school_name)

print{s2.school_name)



Encapsulation in Python

Encapsulation is one of the core principles of Object-Oriented Programming (OOP).
It is the process of wrapping data (variables) and methods (functions) together into a single unit (class)

and restricting direct access to some of the object’s components.

1. Why Encapsulation?

* Protects data from unauthorized access and accidental modification.

e Helps to achieve data hiding.

¢ Improves code reliability and maintainability.

* Provides controlled access to data through methods
(getters and setters).

3A Exumple Progrum

class BankAccount:
def __init__(self, holder, balance):
self.__balance = balance # private attribute
self.holder = holder # public attribute

def deposit(self, amount):
if amount > ©:
self.__balance += amount
else:
print("Amount must be positive!")

def get_balance(self):

return self.__balance

# getter method

def withdraw(self, amount): # controlled access
if @ < amount <= self.__balance:
self.__balance -= ‘amount
return True
else:
print("Insufficient balance!")
return False

# Creating object
accl = BankAccount("Alice", 1000)
acc2 = BankAccount("Bob", 500)

5. What is Data Hiding?

Hiding the internal details (implementation) of an object and showing
only the necessary features to the user.

Class
Private Data
User Access Internal :
via methods | (Hidden) Processing Dota. le sofe
(Outside the class) and controlled
—p Public Methods ———
(Interface)
7. Example with Protected Member  Using the class
class Studant: s = Student(“"Charlie”™, 181)
5. show( )

def __init__(self, name, roll):

self.name = name # public print{s._roll) # Allowed (by convention)
self._roll = roll # protected # print(s.__roll) # Error (name mangling)
ut:
def show(self): Outp -
print("Name:", self.name) :“"‘- arlie
print("Roll:", self._roll) ;il 101
1

2. How Encapsulation Works?

Encapsulation achieved by using access modifiers:

By convention (single underscore)

Modifier Syntax Access Meaning
Public attribute Anywhere No restriction
Protected _attribute Within class and subclasses

Private __attribute Within class only

4. Using the Class (Encapsulation in Action)
print(accl.holder) # Public attribute - accessible

print(accl.get_balance()) # Access balance using method

accl.deposit(500)
print(acecl.get_balance())

accl.withdraow(300)
print(accl.get_balance())

# Direct access to private attribute

# print(accl.__balance) x Not allowed (AttributeError)

_,@\ 3

6. Access Levels Summary

Access Level Syntax Can be accessed from
Public attribute Anywhere

Protected _attribute Class and its subclasses
Private __attribute Only within class

We cannot access __balance directly from outside the class.
We access it only through methods (get_balance(), deposit(), withdraw()).

Name mangling {double underscore)

Output
Alice
1000
1500
1200

Example
obj.name
obj._name

Name mangled:
_ClassName___attribute

q/\7 Note: In Python, private is by convention, not fully restricted.
L But it prevents direct access and avoids accidental changes.

Key Points

Use private attributes (___) to hide sensitive data.
Access and modify data only through public methods.

It increases security, reliability and mokes code easier to manage.

00000 X

In Short: Encapsulation protects data by hiding internal details and providing controlled access.
It helps build safe; modular and maintainable OOP programs.

Encapsulation = Data (attributes) + Methods (functions) in a single unit.

Python uses name mangling (___attribute) to implement private access.



INHERITANCE (OOP)

% Inheritance (s a mechanism n OOP that allows a new class (derived / chi ld
class) to inherit ‘the properties and  behaviors ((methods ) of an gxistfnj
class ( base / Ioaren'l: clasd). &Ik Promofes code reuso.bfh’-b:j :

) Sﬂrd:o.x :

class DerivedClass (BaseClass) :

class

2 Exo.mEle :

Person (Base Class)

At

Student Teacher
(Derived Class) (Derived Class)

3. Example P'rogvo.m:

# Base class
class Person:
def __init__ (self, name, age):
self. name = name
self.age = oge
def display (self):
print (“Name:", self: name)

print ("Ase. ", self. age)

# Derived class
class Student (Person):
def __init__ (self, name, age, roll):
.SuPe.r(), __init__(name, aﬁa) # (nherit
Sel-F. roll = roll
def show (self):
self. d.t.'spl'.a.ﬂ ) # inherited method
print (“Roll No :", self.roll)

# Crea:f‘.fng object
S = Student ("Alice”, 20, 101)

S. skow()
8. Notes : \ V4 .

4. Tujpes of Inheritance :

Base class
R 1) Single Tnheritasce. : One child - one parent
# bodﬂ of devived class —— Derived (child) 2) Multiple Inheritance : One child - multiple Pa,gn{:s

3) Multilevel Inheritance : A chain of inheritance
4) Hierarchical Inheritance: Multiple children - one parent

5) Hﬂb‘l’lld Inheritance : Combination af- two or
more tﬂpe.s

5. Ou.fgu.t .

Name : Alice
Ase. £ 20
Roll No : 101

6. Advanto_ﬂes :

e (Code vmsa.bfutﬂ
e Easier maintenance
o Extensibility (we can add new features in derived class)

e Establishes a re.la.tionskip between classes

T Dfﬁefe.nc.e. between Inheritance and Other Concepts :

Concept TInheritonce A33 reg ation Composition —I
Merminj is-a has-a has-a
relationship relationship relationship
(weak) (sh‘av\ﬁ )
D&Pend&nr.j H fsl't Low H ':3 h
ExamP le D"J S or Animall Student has Car has an
o Address E"ﬁ ine

—> The derived class inherits dall .non-private members of the base class.

—> Private members of base class ‘are not al.ire.d:l.:j

accessible in  derived class.

—> ‘super()’ function (s’ wused to access the members of the base class.



POLYMORPHISM (OOP)

= Polamorphisn fredh s
to be treated as objects

The same method nome.

1. j:lipes o§ Po[‘l.{morphism .

1) Compile time (Static) Polymorphism
— Achieved by Method Overf.ocwlins

2) Run time (DHI"!.CI.MI‘.C) PDLﬂmOrPhl'.sm
= Achieved b:j Method O\ﬂzrridinﬁ

3. Method Overrl'.dt'.nﬁ (Run time Pof.:jmorphism)

(1] ’
many 'forms ;

e Child class provides its own tmplementation
of a method that is alreo.d.s defined in
the parent class.

[ Animal \
(Baose Class) |
/ \

Dog Cat
( Derived Class) ( Derived Class)

Note : Both Dog and Cat will averride the

speak() method of Animal class.

5. How Poleorth.sm Works ?

* We use a base class reference to hold objects
of derived classes.

e The overridden method in the child class is
called ot run time.

Animal object
(Animal speaks)
Dog ebject
( Dog barks )

Cat, object
( Cat meows )

Animal

h J

reference

)

It allows objects of different  classes

of a_common base class.

can perform different tasks for different objects.

' 2. Method Ove.rl'.oadinﬂ (Compf.le. time Poi‘tjmorphism)

® Same method name but different parameters (number / f:jP"-)-
o Pathon supports this bﬂ default .

EXO.m.PI.e. b

class Calculator:

def add(self,a, b):
return a + b
def add(self, a, b, ¢):

return a + b + ¢

c¢ = Caleulator()
print(c.add(10, 20)) # 30
print(c,ad.d(io, 20, 30)) # 60

4. Exa-mp[.e. Proﬂram (Me.f:hod Overrll.dinﬂ)

# Base class
class Animal: Outpu‘[‘. .
def speak(self): _—_

print("Animal speaks") Animal speaks

# Derived class - Dog Dog barks

class Dog(Animal):
def speak(self):

Cot meows

print (e Dos barks")

# Derived class - Cat
class Cat(Animal):
def speak(self):
pri.nt("Ccd: meows")
# Using polymorphism
a = Animal()

d = Dog()
¢ = Cat()
for obj in (a, d, c):
obj.speak() # Same method, different behavior

£3} eqmiointsi;
* Polymorphism increases flexibility and extensibility of code.
® Same interface (method) but different implementations .
* Promotes code reusability.
® Achieved in two ways :
1) Method Overloading (Compile time Polymorphism)
2) Method Overriding (Run time Polymorphism)

7 Re T Arialoa )

A person can behave oll'sze.rent[ﬂ i :l'.u'.ﬂeermﬁ situations.
St'.mif.o.rlﬂ, the same method behaves deferﬂnﬂj for different objects.

T

Speak with Dog
(Borks)

D%

SPeo.k with Cat
(Meows)

* &%

Gaely ety Mo,
(Roars)




