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Data Structure

R e ———

Introduction : Basic Ter

minology, Fleme

i fitary Dat
mt—hu [ e bﬂhﬂ. uav.bﬂm el

. rganization
inC,

Que 1.1. _ Define data structure, Deseribe at
Why do we need a data Lype ?

Answer _

Data structure :
1.

Miut ity need and types,

Adata structure is g way of organizing all data items that considers not
only the clements stored but also their relationship to each ather,
Data structure is the representation of th .
between individual clements of data,
Data structure is define as o ma
organization of data items,

2.

e logical relationship existing
3 thematical or logical model of particular
Data structure is needed because ;
1.

It helps to understand the
2.

Hm._w_.moﬂmrmﬁ of one element with the gther,
It helpsinthe organization amm&.,nwﬁb items within the memory.
The data structures are divided into following categories :
1. Linear data structure : &

a

g

Alinear data structure is a data structure whuse elements furm a
~8equence, and every element in the structure has a unique
© predecessor and unique successor, 3 o

Examples of linear data stru

b.
o and quenes,

clure E.n..mﬂ.uu_.mu linked Lists, stacks

S

2 Z.a-p.:,:aj-. data structure : 2
n.  Anonlinear .nm....m.mg:..ﬂ.m#ﬁwnmm a structure whose elements do not
form a sequence, There is N0 Unique predecessor or unigue successor,
b.  Examples of non-linear n_nam.w__uﬁnnﬂﬂmm are trees and graphs.
Need of data type : The data type
af information can be stored in the

is needed because it determines what type
Que 1.2,

field and how the data can be formatted,

Discuss some basic terminology used and elementary
data organization in data struclures,

Answer
Basic terminologies used in data structure :

1. Data : Dota are simply values or sets of values, A dataitem referston
single unit of values.
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ties
S . 5 OF _m.mdmvan
Ll i {hat has certaid attributes

YT a
< something th

2 Entity:Anentity d values.

=3y 2
which may be assign Je elementary U
3. Field:Afield mmﬂ-m.__:.n = Lven entity.
tiribute of an entity. on of field values of @Y e
; d s the collechion® ties in o given entity set.
ek i llection of records of the entities o bk
i isthe collec in many fic
B. File: Afileisthe _..Mg M_.Hﬁnn__ni in afile may noﬂ._.__\rwuﬂ.—.wnr”w”w_ﬂﬁﬂ& in the file.
Py reanization J..:E may uniquely determine k. k.. insucha field
the value in a ...,nig::w e \ary key, and the vajues &y, By
Such a ficld K is called a prim
are called keys or key values.

T types inC?
TS Define data types. What are puilt in data typ
ue 1.3. _ efi
Explain.

Answer _

: ¥ avariable can
C data types are defined as the data storage format that
store adata to perform a specific operation.

H ng an
.aﬂﬂawﬂ.w .—HHﬂHU.ﬂm.. eT ﬂ
En_ .Cn 1 (4] =i 1

; : a i WOECAT.
Data types are used to define a variable before to use in a prog
There are two types of built in nn.w.nw k o C lassified as :
Primitive data types : Primitive data typesare .-u”._; .

. 2TR.
Integer type : Integers are used to store whole num i jaais
Floating point type : Floating types are used to store real numbers.

Character type : Character types arc used to store Epm._.mun__m.aﬁ.wm ,._M”.ﬂm.
Void type : Void type iz usually used to specify the type of functions
which returns nothing,

Non-primitive data types : £3%
i

These are more sophisticated data types. These

are derived from
the primitive data types.

ii. - The non-primitive data types ....E.ﬂrmmwnm on structuring of a group

of homogeneous (same type) or heterogeneous (differcent Lype)
items. For example, arrays, lists and files.

PART-2 ]

n Algorithm, Time and Space Complexity

k4

Algorithm, Efficiency of a

Que 1.4, _ Define algorithm. Explain the criteria an algorithm must

satisfy, Alsa, give its characteristics,

1L Analgorithmisaste

P-by-step finite sequence of instructions, to solve a
well-defined comput

ational problem,

Data Structure

Every algorithm mg
i.  Input: There are Z8I0 01 mgy o :

supplicd. 9T¢ quantities whicy, are exterpally
i,  OQutput: At least one
Definiteness : Each i

1-8E (CBAT-Sem.3)
St satisfy the :...z_asmbm Criterig ;

quantityig Produced,
nstruction

v. Effectiveness: Every instruction Toust be basic angd £ssential
Characteristics of an algorithm :

1. It should be free from ambiguity,
2. Tt should be concise.

3. It should be efficient.

ﬂ..rm..._..h. the efficiency of an n._wolar.: can be checked 7
Explain the different wa

¥s of analyzing algorithm.
Answer _ -

4#..».2.,.._1.;@5“&: m_nﬁ_q:_:u can be checked by:
Jorrectness of an algorithm

How

Implementationofan algorithm
Simplicity ol an mEcm:rE
Execution time and MEMOry requirements of an algorithm
Different ways of analyzing an algorithm ;

a. Worst case running time :

1. The behaviour of an algorithm with respect to the worst passible
cuse of the input instance.

2. The worst case running time of an al

gorithm is an vpper bound on
the running time for any input.
Average case running time :
1.

1%

The expected behaviour when the input is randomly drawn from a
given distribution.

The average case running time of an algorithm is an estimate of
the running time for an “average” input.

Best case running time ;

1. The behaviour of the algorithm when input is already inorder. For

example, in sorting, if elements are already sorted for a speeifie
algorithm.

ing i g i ucti ivel
The best ease running time rarely occurs in practice comparative ¥
with the first and second case.
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1-6E am:‘..-ma\nwv\\\\\\\}

Jexity and its types:

Define comp

Au.__.—n 1.6.

Answer which gives the

3 n}
M is the function fl ¢ algorithm in

1. The complexity of an algorithm Lirement of th

running time and/er storage spacc req
torms of the size # of the input data., . o Sfibe of the
2. The storage space required by an algorithm is sSimpLy
datn sizeo n.
3. Following are various cases in complexity theory: . .
a. Worst case : The maximum value of fin) for any possible input,
b. Average case : The expected value of fn) for any possible input,

e.  Best case ;: The minimum possible value of fln) for any possible
input.

Types of complexity :

1. Space complexity : The space complexity of an algorithm is the amount
of memory it needs to run to completion.

2.  Time complexity : The time complexity of an algorithm is the amount
of time it needs to run to completion.

| PART-3
Asymptotic Notations : Big Oh, Big Theta, and Big Omega.

Que 1.7.

notation.

Answer _ f

1. ?ﬂwﬁﬁpcmm notation is a shorthand way to describe running times for an
algorithm. B

What is asymptotic notation ? ﬂnﬁummﬂ the big ‘Oh’

2. Itisaline that stays within bounds.

3. These are also referred to as
respectively.

Big ‘Oh’ notation :

1.

‘best case’ and 'worst case' scenarios

Big-Oh is formal method of expressing the upper bound of an algorithm's
running time,

2. Itisthe measure of the longest amount of time it could possibly take for

the algorithm to complete.

3 Eowm formally, for non-negative functions, f{n) and gtn), if there exists
an integer ng and a constant ¢ > 0 such that for all integers n > ng.

Data Structure

1-7E
Fin) < egin) (CSNT-8em.)

Then, f(n)is Big-Oh of isi
set of Functions whj e s iad

= Oig (nhie., the
atonstant time

fln) = Ofginy)

L s - -n-
ng n
Fig. 1.7.1.

Que 1.8. | What are the v

Answer ~

The various asymptotic notations are -

arious asymptotlic notations ?

1. 8-Notation (Same order) :
a.  This notation bounds a function to within constant mﬂn.ﬁa__m,
b. W _.“Hzm”w_ .m”...b u%ﬁ:,._ _”m. there exist positive constants i, m_. and ¢
such that to the right of n, the value of fin) always lies betw .
¢,g(n) and ¢ 2(n) inclusive. £ et e
eygin}
o) .
F = ¢gln)_flo) = © (zin)
n
g e
Fig.18.1.
2.

Big-Oh-Notation (Upper bound) : Refer Q. 1.7, Page 1-6E, Unit-1.
3. (-Notation (Lower bound) :
a.  This notation gives a lower bound for a function to within a constant
factor.
b.  We write fin)= {2 gin)) if there are positive constants n, and ¢ such
that to the right of n, the value of flr) always lies on or above cglnl.
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Data mvﬂ._._ﬁ._.._._ re

aﬂ._ﬂ .-.._FO. _ H.-‘J.uﬂ..n nmﬂ
cgln)

Derive the .
i}
n)=0 (gln bﬂmﬂmw
d. . Time-space trade-off .
. ) 1.
ng
Fig. 182

fion (o):
4. Little - Oh pota | .
a. It is used to denote an Uppe

The time-space trade-
of data Process

off refers 1,
& problems ¢

an algorithmic solyt; hat

vice-versa,

10,
bound that is asymptotically tight =
T LI

Fpace tg gy bEﬂn:Hm of
: OTe daty and
<on is ot tight. 2. Time-space trade-off: i ;
: ()-notation 18 _ ) rrade-offis wﬂ.ﬂn&_wm situatio .
e r bound m—dﬁnm&f% -tive constant’e > 0, if a _Eﬁuaﬂw.cﬁ_.rmm.co_.: nmswomnrmmcmn W ¥here m.:._.EnmEnmmBﬂmn@.
because uppe . For any positlv (performance effie At the cost cﬁ.ﬂ@n—.#ﬁmmﬁ i
b.  We write ofgin)) = {1n) L0 < fin) <cgin) ¥ m2 Ml For E  Suyycan be achieved at the coat of memory,
g hthat 0 < _ . T oxample : Suppose, in g fije . i
constant n, > 0 suc takes : POSE. In a file, if qary stored is not eopy o
‘ . {w): i . €5 More space byt access takes less 13 Tortian = Pressed, jt
3. Little omega notation bound that is asymptotically tight. compressed the acepss takes ch.”. ME“ETH_ ?.w_._..._w Hs data stored iy
a  Itis used to denote lower For any positive constant ¢ > 0, if 5 decompression algorighm, cause it takes time to
b Wa write wp) ur_,m._n.__" 0 < cgir) < fin) Detyation ;
constant ny> 0suc at b= . Best case ; In the best
: . 9 5 » the desired ¢) i ]
g s in brief : iti e s the desired element is present in't
Que 1.9, — Define the following term Asymptotic notation . Mom_row_ DRy BB u:_wa.ﬂhn:aﬁm.ﬁn:? made, e fleat
h ii. ym ; Q, Tin)y = 0y
- - F . . | Iy -
m“,, MHHM ﬁ“ﬂdﬂ%—”ﬁ“wu_. iv. HW_.N O notation _ Pdﬂuﬂﬂﬂ case :Here we mh.w.n_—hﬁ_m that n..._..m...n does 1
iii. Spacecomp 2019-20, Marks 1g] likely to occur at ; sition § ray. s PPear, and that is equally
AKTU : ik \ ¥ ﬁmu:_cn 10 the array, Accordingly the numpe of
PMPansons can be any g the number 1, 2 3 ;
_ with the probability p = Yy Then ' #nd each number occury
Answer ) s lexity of 2n algorithm is the amount Tn)=1_(Un)+ 2.(Unyj+3. 07/} R Lr)
i.  Time complexity : The time comp i = (1
of time it needs to run to completion. SO42434 ., ). (Un)
il As totic notation : Refer Q. 1.7, Page 1-6E, Unit-1. ._? = n- s 02, (Un)
ii ymptotic not: = 1 =ln+1y2
iii. Space complexity: : =
G ; lexity of an algorithm is the amount of memory it _. ) = Oltn + 13/2) = O(n)
1. The space comp lelinn. Worst case : Worst case occurs when ITEM is the Jast element in the array
needs to run to comp : o ot orisnot there at all, 1n this situation n ecomparison is made
) . i ation. :
2. Ttisexpressed using only Big Oh notati ) : So, T} =0+ 1) = O
3.  Algorithm/program should have the less space ncEE.mES. : jcm 115 | What 4
4. Lesserspace used by algorithm/program, the faster it executes.
iv.

© you mean by Abstract Data Type ?
Big “Oh’ notation : Refer Q. 1.7, Page 1-7TE, Unit-1.

£ Answer _

— = 1. AnAbstract Data Type (ADT)is defined as a mathematical model of the
= b data objects that make up a data type as well as the functions Lhat
__ PART-4 # e operate on these objects.
Time-Space Trade-off, Abstract Data Types (ADT). e | 2. An Abstract Data Type (ADT)is the s

pecification of the data type which

specifies the logical and mathematical model of the data type.
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3.

4.
5.

The important step is the de
parts : B
a. Description of the way U

ions th
b, Statements of operations

4 Linked Lists
AR

y and what

Array ab

= emor
i Ow_“ﬂu..—u.ﬂﬂ_ in I

i 5.
will be yperations
It does not specify rm.m mm..“_.___mﬂnﬂ ng the of
\ Al P
algorithm will be used lo

.es a data st
An implementation chooses &

ﬁﬂnm.wq...n the NJ_F.W.H.

s toTe )
ructure 1o lves mainly two

! invoe
{inition of ADT that

._.rﬁﬁﬂ
w w_. [ Eﬁvcw._.ﬁ.ﬁﬁ.m are Hmﬂﬂ:..&; to e
" o
1 w._....n

tatype.
d on the da
other. at can be performe

sonsthat eanbe PTIT 7

[PART-S |

idi ' [ nm } n-a.“a
-..MH..B: mm_;_n.m-m ﬁhuh& .—u-&.—hﬁnhﬁ.ﬁﬁ: S0
WPy ! br-_wwn » T i

||l|||r|||||||.|I_.|||||||

: ean be declared 7
Que 112 _ Define array. How arrays can be

Answer

1.

: ntianl memory
\n ar - setion of the sequent
Y aj the caliectio Arne with a number
ucn . hi ﬁ“m m_p: __—m.mm.ﬁ.qﬁm. to by asingle AWMHHFMWH_%
- a8 - -FU o Y s H- &
__rbmﬂw_.w”ﬂ:c index. Lo access a particular fGeld o
0 2 . 3 <
The general form of declarationis :

type variable-mame [zizel;

= w “F 1 Y ) 1 _. .:.w .—.l.T_._a
HE T ype r_.u‘.lu.ﬂ._.:mwu_ _.nr..l. *. ﬁ e ele Ls .—.wu.m._.. -.J.J.—H ._Dﬂ conlainec 1
3 i 5 ‘poo ﬂ.—.. L men : . 3 ) ’
: arr m_.. !_l_.—n.r._ asint —HSJ.._. or H—J.NH. ﬂ.uu.ﬁ .FH.—ﬁ s1Ze IndicBes Lhe E-Eﬁaﬁ.nﬁ_..
y, 5 1 f © 5 d = n—~ _n.-
.D.n m_-_f.dﬂu_n..b_._r.... that can .r.s...r sLOT m__m __:...:m.w : ¢ ArTay.

F ple, when we want to store 10 integer values, then we cap
r example, it to
¥ F._.”n_ the following declaration, int k.f:_u._ .

Que 1.13. ” Write short note on types of an array.

Answer _

There are two types of array :

1.

One-dimensional array :
a.

H o vy ta
as row or column and that holds finite number of same type of da
items is called one-dimensional {linear) array.

One dimensional array (or linear array)is a set of ‘n’ finite numbers

of homogeneous data elements such as - L

L The elements of the array are referenced respectively by

index set consisting of ‘n’ consecutive number.

ii.
memory lacations.

* dimension such
An array that can be represented by only one-one dimensio

ivelyi cgsive,
The elements of the array are stored respectively in succ

Data Structure
S i el

.. -1 g
_.m :E_srﬂ ofelemgny, isg the
1€ elements or; . len i
tlo] 21, ol A may b o 07 size o 1
0L, Atn, A, Zoafy i Clangugge 5
¥ 3 L] . _
2 gE:z-En:u.cE._ arrayy ;
4 Ap ALray ean be pf o
rray ¢ e than g 9
restrictions to the number of &EEEEM“ﬁHﬁ? There ar fio
b, Az Eﬁ.m the ».:E._m._:ia:m increase the Memory rq _.p. i
agm:oEF. which pan result ip shortagg of Enﬁ“”ﬁgﬂu nerease
¢ Hence s E:E&E_..Pi..:_& arr; h
r ] i
i A : Tay :Eﬂ.rﬁcﬁmﬂ.;ri_ﬁ:unnmg.
C or example, the following declaration js used for 3.1y array -
int & (50] [50] [50]; o

(PARTS]

F._.F_n:.c..n of Arreys : Row Major Ords
Major Order, Derivation of Index F,

-0, 2-p 3.p and - A

Que 1.14, _ What is row
Answey _

R Cpres

Tand Colump
ormulae for
_1.1.&.—“.__.

5&..:. arder ? Explain with an example,

L. In row maujor order, the element of an 4rray is stored ip Computer
memory as row-hy-row.

i T L, = )

2 Underrow major Fepresentation, the first row of the array occupies the
m..z.zﬁ m.mﬂ of memory locations reserved for the array, the second row
occupies the next set, and so forth, -

3 In

TUW mujur order, o
as

AL .W»H?E. AL Ay, A Ay, Pﬂw.hﬂ, ._pu.p:}_mu. AL A

e s &E.}a":}.ﬂ.
Example :

lements of 4 two-dimensiong) array are ordered

Let us consider the following two-dimensional

array :
nm-na__._
e f gk
i Jj k!

a.  Move the elemonts of

the second row startin
to the memory locatj

un adjacent to the
When this stepis applied to all the
have a single row of clements,

g from the first element
last element of the first row,
fows except for the first row, we
This is the row major representalion,

b.

e o B T
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c. By %%a : _f,,.__._;.w. _ cder with an ¢x& 4
fa, b.Cr G150 or @

wn MY
Guc 16, | Explain
L . k}
= ; of an ar
Answer _ or the clernents

. 4 ‘ der. of the array
1. Incolumn major of lamn major ol first column rray; the
; it is called ¢0 jon, the for the !
column, itisc : o pesentalion ns _.mmnﬂ&nn
2. Under ¢olumn EEQM o_._". M.Ea_cﬂ., d.on._nwﬂhqc_a. so forth.
) : st 5C et, -
cecupies M_:._ Mﬂhnncﬂm&m the next s . .
second colum ! clements are A i B cmmene P B
3. Incolumn major order, Agp Arar "8y

|.U -
ray 15 uu.ﬂﬁ-n.mnw as ﬁc.rﬁu.—.: Y
&

i A _rn/.—n.
AL Ay A A A, Mz Ag P

o ray
-o-dimensional ar
le : Consider the following two &:F...
e:C d
Examp ab e d]
e [ 8. r,_
i j ko |

..H..r N 4-50 ﬂﬂﬁﬂmgﬂwﬂmﬂm on G._.m.:
1 5 :

plation. .
sentation.

a.  Transpose the elements of the wﬂmw_.w_.ﬂﬂﬂmm
. be same as that of the row majo?

: i ior repre
b. Then perform the process of row-major W T _
; By application of above mentioned process,
c.
lape, i b fod, e g k. d b1

__ . fion for 2D n—n.-ﬂ.u:
- 55 ﬂu.-..—ﬂ:.——w 1
aﬁﬂ 1.16. | Write a short note on addres

oR .
TTIL i £, J
dressi find the location o
i »s8ing formula to h Y
g g Emw_n—.mrun stored in column qﬂ.&a..._c-im-.
ofamxnm R
v y R
Derive the index formulae for 1-I} and 2-D array

Answer r

i sion: - A of size m = n. Like linear
i ;o-dimensional array : °
W e M_wﬂwﬁﬂﬂmwﬂm.ﬁmnr of the address of first element only; e/, base
array syste S
address of the array (Base (A)).

- = = s
—,.“_U.:..._.mn ﬂﬁ___.-tr .r..u.n.‘lv .-H_.u.._—&— 258 ﬁ-_.:u .P.QH-“HHUCHW. O P 1 i
. _ ent in .w.._.;._wh oW Nh.unw..-n..ﬂ_u..—;w \Ni.g., .—LOO .nb.u-:_c_v-.
elem W 1

Formulae for 1-D array : .
Address of array il =B + S* (i - L.B.)
= ddress
Where, B =Basea . .
i = Index of an element to be searched

)*" element

5 = Size of the data type stored in an array

Data Structure

and

LR = Lower ba
uod (je
the A ifar s Index gfy
:w“..c___a " Falower oy, 1€ Lot element of
Formulae for 2.1 array :

a. Column major order :

LOCA i1 Ul = Bage A + .F.—:.mc. ~lowe

+ (i —lower boupg for
LOCALi][j) = Base (4) + wimj + ] in Croy,
b. Row major order:

LOCIALID = Base (A) + 1 [n(; _ lower bound f,

+C1_c4..¢_. F:Em?n row index)]
LOCIAGITD) = Base (4) 4 4 [E + 4] in C/C44

where 1w denotes the number of words

T boung :
Tow m:amnmq Sl o)

T colump index)

Per memao

. ¥ location

array A or the number of | jon & g
B P 1¥1es per sturage lacation for one element of

Que1.17, Explain the ?WEEH..@ for rn_n—..cuh rh_n:_b:cn for 3.D

array., }

Answer

In three-dimensional array,  address’

methaods - ; =

is calculated using following two
Row major order : ;o -

Location (ATL, j, kY = Base ..n_._.u + mn k-1 +ni; I.,u...v +(=1
Column major order : A
Location Al f k) 1 =

Base (4) + mn QnIC...H_C.I:+_.-..I:

... .. ._,. n."mm .uﬁm.:._..__ _mo:u_:
c-.,o..n—m-.u:un— nce_.-"nnm..u.mu.mcﬂ.tm&mw- Assome the fipst
stared at A[2][2] 2] ond each element take 2 byte.

- [AKTU 2020-21, Marks 10|

1

Given:Af =90, v - 0. R=40i=10,j= 20, £ = 30, BA = 1000
Row-major order ;
Lacation (AL J, kD) =BA +

k-1 +?:.__.I:+Cl:
Location 1AL10, 20, 301y = 1.

T+ 90 % 30(29) + 30(9) + 19

= 1000 + 78300 + 270 + 19 = 79589
Column-wise order :

Location (A, j, E)=BA+MN (k-1 + M- +ii-1)



for O
ii. Explain rowmi

Answoer _

i Lengih of ench nz...:n.ﬂ.
._. The length of a dimensie

.h:m
Hence, the lengths of the dimens
IN. 1]

w_....ma-w.r-— H..m E.-lm

Arpuy and L

x19+9
2 2700 ¥ 20 A.:Mu
114 EACS o0, 3011 = 109 .”m 300 + 1710°*
i 20, =% 000 * usin
Location u M _m._—cuw | nrrny Alds declared 4
jon
y dimens t
o three © mber of clementsg
Suppose . d the nu
% r.._.“”-.uam h ﬁ__..-._.n.uu.:_..__..-: nn in detail .E.:—.—
Al1:10,- _ “ﬂl_a:_n..r of et Jumn major ordert
.- #..Jm-.nﬁ o ..h co
: Al rder

AKTU 2021-22, Marks 10
H.‘.w"ﬂ.,&mnv:.

exp
oxplunation form ala

e of elements in A :

<ion and the numb gth'= Upper Bound -

nis obtained _u...__, : .rna...
Lower bound + 1 o n_n.uw s
fL.=10-1+1=10
hﬂ =F—(—H1+1= 11
. =16
HW.I»lHD_J.TH o
hw. re. Ahas 10 % 11% 16 = 1760 elemen
3. Therelore, |
; » 1-14E, Unit-1.
R Q. 1.16,Page 1 :
4 j rder : Refer faverteg )
A Row mujor .w.c—. order : Refer Q. 1.17, Pape 1 Moty il
ol ression for 3-1D array = Refer Q. 1.19, .
C. Formula express

Unit-1.

— i . i pn.ﬂm.ﬂ
pﬂ:w —oﬂ.—v.— Au_—ﬂr!.ﬂw T .Hu..._.ﬂ two &Waﬂﬂrmrnvgpﬂ .—.-Uaﬂ_ﬂhl ﬂﬂ.ngnﬂu ] .

sac ._.mn.-u m
.—LH _.rﬂu ﬂ“ ﬁ-ﬂnﬂﬂn Zm c.—u FMF.mHH ﬁ.—.ﬂmu MQHEF—“—H nrcﬂ HHH@.H [Le 1. ﬂEﬂ:mm—P—ﬂ.: in Q

. - H.@ﬁ.n. for .—COF.:DH. HL_.HB..HQ._
address of row un.—m..__n.-. and ﬁnwﬁan.._. major .U. ) 1 it
i ddress is BA and space Qn..u-.__._u:.um. _—uw each elemen 18
_mr.__. if base o o

[AXTU 2020-21, Marks 10|
byte. ;

Answer W

Refer Q. 1.16, Page 1-12E, Unit-1.

PART-7 A

T r .1 re N:"Mﬁﬂﬁn.b:
%ﬁnnﬁﬁ—.n—bﬁ O%.E ays -W.Eam .?Mnnn __-.ﬂ.ﬁm. Dﬂwm M_‘GNH Mnﬂn.ﬂ_ S . i
»

. : -
Que 1.21. | Write a short note on application of array

Datn Structurn

'Answer

1. Arrays are used |

well as other kinds of reetongy)
large, consist of one-dimensiop

and

; 08¢ tlomonyy ar

2. Arraysareused to tmplement other daty Structures, peh n Tecords,
hash tables, queues and stucks. ' as lists, heaps,

3. Arrays ave usoed to cmulate j

In-program, dynamic me i
particularly momory pool allocation, i

Arrays can be used to determine bartial or complete control flow
Programs, as & compact alternative tg multiple 44 statementg ?
S The array may contain subroutine pointers lor .—.m_m._:«.a.mcrq i
numbers that canbe p outine

cted upon by SWITCH statements) thay direct the
path of the execution, 2

Que 1.22, _ What are sparse matrices ? Explain,
Answer _

Sparse matrices are the matrices in which most of the elements of the
matrix have zerp value,

.H{.:mabmum_ ﬁwmﬁmcaz-macuﬂm Sparse matrices,
applications, as shown in Fig. 1221

It is sometimes customary to pmit block of zerg
Fig. 1.22.1. The first matrix, w

are zero or, equivalently, w
below the main diagonal, is

The second matrix, where

] »E_,_ossﬁ m

h;r_aﬂm.:nn_ vecty

ar tableg, Man

T8 and matHeey
al arrgyg wh

¥ n—m—&ﬁfﬂgs. SIng|| s

=

[

2.

which ocourin various

&

S in a matrix as i
here all entries above the majn diagonal
here non-zery entries can only occur on or
called a lower triangular Tnatrix,

non-zero ep

tries can only occur on the diagonal

OT on clements immediately abgve or below the diagonal, is called
tridiagonal mat rix, .

4 5 -3

3 -5 T o4 3

1 0 &5 oy -3 6

-7 B-1 3 2 4 -7
(a) Triangular matrix (b) Tridiagonal matrix
Fig.192.1.

Que 1.23, _ Write a short note on representation of sparse matrices.

Answer

There

are two ways of representing sparse matrices :
1.

Array representation :
L Inthe array representation of a sparse matrix, only the non-zerg
elements are stored so that storage space can be reduced.

Lwrggiicuiflﬁll||l|lluuuu|| R



H_.Pﬂﬁ_. as {row,

—._uu.ﬁ—«_...h
mvm..wh_ . i
roelement 17 the e columns nﬁhwwm
i Eocb oI contaimiBE ol ers, the S¢
B olumn, value prsional u_.ﬂ..v.in the ToW nn the third column
€ Aimen=it toT s an
atwe i rs @ .ment at
i, For this ._,q.m.:_ﬁ cojumn _p,.m *,no._uu,_n ::B.vm...:a non-zero elen
used. The for storiok ! Nqn"uaua_:m -
colum® 1% Ty o value €OTEC L plumns 4
H.m_unm@...:ﬁm q.:u n the first tW g m_upumo maltrl
(raw, colume psider the follow
iv. For example, @ 2.0 90 J
0100 :
0 4 W ......—

esented as ¢ o

; T
The above matrix can be FeP

2 Linked representation : . i
i. Inthe linked list represcentation e
four ficlds are defined as =

a. Row ; Index of row, where no
where no
b. Column: Index of column, i "
c.. Value : Value of non-zero element located at index - (row,
column). 3
d Next node ¢ Address of next H.H.cw._.n,

h node has four fields. These

n-zero element is located,

n-zern element is located.

Node structure: | Row HEE: Value | Address
o030 )

Example: |0 0 5 7 -
0200 z

Start

rsw:_ (2[5 =307 —={2[1[2] }—= Nul

PART-8

Linked List : Array Implementation and .. ”
Pointer Implementation of Singly ...E:w.mh List.

Data m_.—._....nn.n.:.ﬁ.

. + ﬂ..-.n .
c_u_n-.:_._o:mcﬂ_.#n.ﬁ.__.ﬂrca— =un" .mEn_...J_,rE o folowi,
i. Traversal z

s O ii. HH_.__.GH._.
iii. Search an element 16 fon uy beginn;

v. Deletion at end vi.

> : mﬁ#dﬂwuﬁ.u order fied location
Answer _

Linked list :
1. Alinked list, or one-wny list, { ,

nodes, where the linear order i given by mo s elemeng, called

2. Eachnode isdivided into twg parts: the first par :

. te g 3 0
of the .;_EE.u:ﬂ. and the secong part, called H__rm _._“”_"M%m;m sa_du..ﬂ_a:
field, contains the addreas of the next node in the 15 s brinter

i. Traversing alinked list : Let LIST be 4 linked :”p.mn
algorithm traverses LIST, applying an operation .H.mn.

Mmemary. Thig
element of LIST. The variable PTR points to

CESS to each

processed, the node currently being
L “Bet PTR := START |Initializeg pointer PTR)
2.° Repeat S8teps 3 and 4 while PTR = NULL
3. Apply PROCESS to PTK -> INF()
4. 5et PTR:=PTR-> LINK L
(End of Step 2 loog) H.... IPTR now points to the next node]
5, Exit i :
ii. Insertion nt beginning : Here START is 4

contains the address of firgt node. ;
L If(START == NULL) Then value to be inserted.

2. START = New Node [Create a nevw
. W node] .
3. mmqﬁm.duu_zm“ﬁ__ =1TEM lAssign ITEM to INFO field]
4, mﬂ.“mﬂ-v_.:xfu NULL _Pmm_.nd NULL to LINK field]
5. SetI'TR= mq_}mq. < [nitialize PTR with START)
6. mm.}_ﬂ., = New Nodo i [Create a new node]
M. U.?E w-v_z_..nw =ITEM" . [Assign ITEM to INFO field)
- START->LINK = TR ~ lAssign PTR to LINK field|
[End of I S
9 Exit
iii. Search an element : Here START is a pointer variable which contains
the address of first node. ITEM is the value to be searched.
1. 8¢t PTR= START, LOC =1 [Initialize PTH and LOC)
2. Repeat While (PTR '=NULL)
3. IF(ITEM == PTR -» INFO) Then [Check if ITEM matches with

. " INFO field]
4. Print: ITEM is present atlocation LOC

5. Return

6

Elze




ed Lists
Array and Linkee ~
21T Sem-3) i t nodel
1-18 E (CS/IT (Move PIR to __,.m“n
PTR = PTR -> LINK ﬁnnwm:..__m_.__. LO

¥

10.
11.

12

LOC = .—uDﬁw +1
fEne &H_E le Loop!
End of While . list
__inan I TEM is pot present in the

¥ STARTis apointer variable
Txit ere «

. ition : H : :able which
Delete node at specified position PTH is & pointer varighl

Ae. : .
which contains the address n_.qu.ﬂ nn“_ = £V is a pointer VAr
1 o e deleted. PR
contains address of node O

poin
1.
o

3.

swmmam 3R
=

BRrE

-
&

w
d

16.

17.

able which

i tobe deleted. .
s to previous ﬂcﬂﬂ.mﬂ.ﬂﬁnﬂm the curﬂuvﬂuw  hether list is pa-)
If (STAKT == ;
Print; Linked - List is emapty. . .
Else IT{START -> INFO == ITEM) .memu_,..wnf £ TTEM St Tab node]
PTR=5TART
START = START -» LINK
Delete TR
AL
M.u.—..n_mmw - START, PREV = START
Hepeat While (FTR 1= .M.Mrﬂﬂmmw
== en ) .
. NP = L TTEM matches with PTR->INFQ)
¥
PREV -» LINK = TR -> LINK lAssign LINK field of PTR to PREV)
Delete FTR
Else e
PHREV =L
PTR = PTR -> LINK
[End of Step 10 11
[End of While Loopl
Print: TTEM deleted
[End of Step 1 1]
Exit

|START now _.....o.n..;m to 2nd node]

[Assign PTR to PHEWV]
[Move PTH to next node]

RT is 1 iable which conlains the
i s Here START isa pointer varial .
Um.—...n—,aummq”” M.Eh.m ﬂm,w. is a pointer variable which contains address of
mnmwnﬂ_ wm ......m.#m_..i PREYV is a pointer variable which points to previous
o k .
aode. TTEM is the value to be deleted.

aig e R

w

If{START == NULL) Then
Print: Linked-List is empty,
Else

TR = START, PREV =START !
Bepeat While (PTR -> LINK !=1 ULL)

[Check whether list is empty]

P : V]

[ =TTK [Assign PTR to PRE
M..—.._,.“qu m_\.ﬁ.n > LINK [Move IPTR to next node]
[End of While Laap]

ITEM = PTR -= INFO [Assign INFO of last node to ITEM]
IF(START -> LINK == NULL) Then

[If only one node is left)

e R A

Data Structure

11. Else

11.

12,

1.
2

Algorithm ;

2 M S L0 B g

B.
L

START = NULL Lok (CS1T-Sem.3)
J (Assign NULL 4,

PREV -> LINK< Ny o START)

[End of Step § I WAssign NULL g, 1, fi

Delete PTR

Print . ITEM deleted

(End of Step 1 If §

Exit

eld of Second 1. Doide)

vi. Reversesorder:

Ta reverse a linear ] i
These are FREY, o, o

PT re¢ pointer fig|
node, current nod R, REV which

n_m arp
. hold the Uscd,
e and wi(| maintain the wcﬂﬂ%m“”& of Previgus
PTR = FIRST . G
TPT=NULL

m.ﬁ...—»r.m.nm_.tﬁ.#;.._.r:m —
REV = PREV TRl
PREY = I'TR

PTR = PTR -» LINK
PREV > LINK = REV
|End of while loop|
START = PREV

Exit

NULL -

Que 1.26.

_Hu_mEa::F...E._” . ..
. :...-n‘wn—_n. .
functions : _ .m ..E.__uhfn.n_:rmn for followin o
Insert at rmﬂm-.__ﬂm-uun

o e A T
i 5 ;. taien
v. Delete at beginning Vi. Delete after element
. n
Answer

#include<stdin b=
#include<conio h=
#include<process he

Lypedefstruct simplelink |

int data:

struct simplelink *next;

| node;
i.

Function to insert at b
node *

! h eginning ;
insert_begininode *p)

node *temy;

temp = (node *)malloc sizeofinode)),;
printfi*\nEnter the inserted data:™);
seanfl™ed”, temp-»d ata);




ii. Function to inscrt h»_.;_u_,l

temp->next = P
P = tempy
retumnip);
._. GH_.H—..
node ...__.Em.ﬂﬂlm_..&nbﬂmn
node s.H%.H—._m-u l..—_..
q=pm .
temp=(node*imalloc(size?
Brintfl*\nEnter the inserte
scanfl “id” &temp->datal
while(p->next = NULL) ! i, X
{ o :
P = p->next: * ) |
}
p-=>next = —uu_h:uu.“
temp->next = (node *)NULL;
return{q); b
) _ :
Function to insert after element :
node *insert_after(node *p) i
nede temp, *q; - it _
int x; .
q=p;
printfi“\nEnter the data(after which you want to enter nw_,.uu_"..r
scanfl“%d”, &x);
while{p->data '=x) [
p = p->next;
}
temp = {node *}mallocisizeofinode));
printfi“\nEnter the inserted data:™);
scanfl*%d”, &temp->data);
temp->next = p->next;
p->nexl = temp;
return {(q);
] : \
Function to delete last node :
nede *del end(node *p) |
node * g, *r;
r=p,
q=p;
ifl p->next == NULL)
{ .
r = (node *)NULL;
!

else

{

finode )
4 data”);

Data Structure

Er:.lt.v:oﬁ 4
: 1=
q=p;

P = p->next:

!

g->next = ( y

| ude .J?G:
free(p);

Nun,

i ]

Function tg dele
" ten ;
node delete_after :uawmwwﬂ?aﬂ Slgment:

_ .
node *emp, *q . :
int x;

1=p
Printfi*\nEnter the
seanfl™%d” &y
while(p->data 1= x) |
u_u = p->next;

temip = P-=next;
P-znext = tem >next:
free(temp); 3 _
return {q;

1
Que 1.28, _

linked list 7

Answer _

&#n._a.nﬂ-...mmm ;
L 1 inked lists i
) s are dynamic data structures as | i
] —N - - I | ;

m Lin et g i S @51t can grow or shrink during
m. .HHu._ﬁ. 81ze is not fixed.

. I ata tan store non-continuous memory blocks.

nsertion and deletion of nodes are easier and efficient.

n_mnaﬁm:mw which yey want to de| gte )"

Wh
at are the advantages apgd disadvantages of single

4,

N I ——

= ) i




1-22E Anmh._,.mauub,

5. Many mples 47 i :
F.u“..mn,... mare o a1 ficld called link field

: ; T | X \ tra space,

Disadvantages : - ed list. there I 4 list requires ex .

1. More memory:in _E_anbn pext nede.5° :M.....u.nuﬂﬂnn and time consuming
menFTa_;mmna—ﬂmmua np

svpm is 0
2, Accessing arbitrary data ite |
= rray and linked list.
Que 1.27. | Write difference petween &
Answer

; ist is a lincar collects
ked listisa linear co on

Ww:ﬁ__..ﬂr.- elements ‘called nodeg

which are connected by links,

An array is a list of Oinite
number of clements of same
data type i.e., integer, real
or string etc.

E?—.ﬂnﬂwm cannot be accesgeq
randomly. It can be accessed only
sequentially.

Elements can be accessed
randomly.

Arrayis classified as:
a. 1-Darray
b, 2-D array
c. n-D array

A linked list can be linear, doubly
or circular linked list,

Each array element is | Location or address of element iy
independent and does q,_n; stored in the link part of previous
have a connection with element or node.

previous element or with its

location.

Array elements cannot e | The nodes in the linked list can be
added, deleted once it is | added and deleted from the list,
declared.

In array, elements can be In linked list, modifying the node |
modified casily by | is a complex process.
identifying the index value.

7. | Pointer cannot be used in | Pointers are used in linked list.
array.

Que 1.28. _ Write advantages and disadvantages of linked list over
arrays. Write a ‘C function creating new linear linked list by selecting

alternate clements of a linear linked ﬁmmﬁ.aﬂd 2021.22, Marks —i

Data Structure

# Ceode 1o pri
: nt Al
#include<stdip s Hornate Nodeg |
fiinclude<stdlip s,
/* Link list ngde */
struct Node |
int data;
struct Nodes* next-
h .
* Function tg ¥t the alterngt
, :am_mm of the linked list M__ :
void ﬁJ:&}_HEmEZElmHE 1 . |
: et Noder head): -
int count = @ Vs 5
while (head 1=
# when eoung ; eint it
if (count & 2 <— 0) i m.cm: UE._." s
Printf{* g4 - head-s,
' ~>data);
/f eount, the nodes p.._r:.
Count+ 4 & I

NULL)

H move gn th
head = head-»n
t : L Y

= H_.Gwﬁ_w node. .
ext; :

H

I/ MM:E..N: to push node at head

void pushistruct N .

C ct Node*s rmm&.rnmw_ int
struct Node* new_node =
Lstruct Node* Jmallog
new_node->data =

new_data)

Emnmanmﬂ_dg..zan:“

ew_data:
new_node-snext = *head_ref):
]

_.:r_.:..m.m. ref) ZE

,_ L = new_node:;

.w\. Driver code

Int main()

{
* Start with the cmpty list */
struct Node* head = NULL;
ujuﬁaﬁmﬂzmgz&m?mmmu.

( return 0; '




Array and Linked Listg

1-24 E .nmn,n.mmliﬁu\u\\\\l\\\\\\l

m to insert & node ot k'" position in
Que 1.29, _ Write a C progr® ARTU 2020-21, Marks 19

single linked list.

Answer

#include <stdio.h>
#include <stdlib.h>
struct node *head=NULL;
struct node
|
int data:
struct node *next;
M
void ins(int data)
{ Rt - y
struct node *temp = (struct node®)malloctsizeoflstruct o
/it will insert a new node to the start of the linked list
temp->data=data;
temp->next=head;
head=temp;
! %
void ins_at_pos_n(int data,int position

i

ode )5

struct node *pir = (struct node*)malloc(sizeof(struct nade)).
ptr->data=data; /Creating anew node 1
int i;
struct node *temp=head;
ifiposition==1}
{
pir->next=temp,
head=pir;+
return;
| oy, g
for(i=l;i<position-1;i++) /fmoving to the (n-ith position node
in the linked list .
!
femp=temp-=next;

]

ptr->next=temp->next; //Make the newly created node. point to
next node of ptr temp

temp->next=ptry//Make ptr temp point to newly created node
in the linked list

i

void display()

{
struct node *temp=head;
printfl“\nList: ™),

Data Structure
—_—

While{ teyg
( ..n._".h__u.H..HF__“_...uxf
fl—-ﬂmﬂl.—.:m&.& =

tempste ...mS—_.v
} Eﬂv.v:_m.y..—.”. .”_.w.__.m.v"

seanfi*gd- g . 2

u,:mr._n_.mr data). A N
* T -V

Printfi“Enta P

nodes: ;ﬁsxn.ﬁro amnm : Haen

e Adatay, Tl et

Prntf“Entep ppg © oo 10 _

et _;..J..w rm.uamu:o: at which You w i

scanfieg; 4»

ifipos>n)
0 S,

printf(|  valid

! fl m_..:w.w_.m.:"_..ﬂ_._ﬁ_ Position: ™), :

Lelae £ T WE a4t

”, df ns_at Emrnnmmﬂm,_ﬂgﬁ
i ) ..Q.m-wﬁ__—.m—ﬁw_..

return (:

}

; ks ant top §
Hepasy T b Tisert the

[ParTs]
Doubly Linked List

Que 1.30, — Explain doubly |
Answer _

1. The doubly or two-way
to the next node

.m..__ran list.

linked list uses double set of pointers, one puinting
and the other pointing to the preceding node,




ﬁd\:ﬂq}!ﬂ.ﬁa.ll-lpl| ——

&L [NFO Ge
6 Adoubly

7.

r by multiple linkg
odes AT ﬁn.ﬂwﬂn—av%amnmwmoﬂ node for
all ”H-a. SuCCET

Jeft side (or previous node) ie., LPT wi)

" LPT will hbwn.wnbu._uﬁ uﬂ_mmmm_...—nwuwﬁnmm. RPT will point tothe nodeinthe

hold the address of the pre gPT will hold the address of the next node_

right side (07 pext pode) L€-» tion of the node.

—hown as follows :

wﬁﬂmﬂl-ﬂ-l o] |- ool

Fig. 1.30.2. Doubly linked list.
ed for doubly linked listis:

The structure defin

struct node
|
int info;
struct node “TPL
struct node *lpt;
i pode;

Que 131. _dq..:.m C program to create doubly linked list.

Answer _

mundmﬂu.a.. . ....|
& include<stdio.h> . .

#inelude<conio h>
# include<alloc.h>
struct node
{
int info;
struct node ¥1pt ;
struct node *rpt;
i
struct node *first ;
void main ( )
{
create ()
geteh ()
|
void create ()

{

-

struct node *ptr, *cpt .

charch: 3
_...Hn.._......_ﬁ-dnnﬁ nnvnumﬂ .

e A St

canf ("%d ..wﬂ.s.im:_.c: tog®) . W

H..._HH —» :u.—- =NULL =

first =ptr;

do

; (struct node *) mal] '

cpt=1= oc (& b

print{ "Input next node Ecmhummm (ot o,

mnmb:.,n.ma..m"nﬁnlvwbho‘" oy ;

mum.ﬂ -3 H.m.....—. = nﬁﬂ &

cpt — lpt =ptr;

ptr =cpt;

printf (“Press <Y/N> for mgre

ch = getch ();

}

while (ch =Y} ;

ptr — rpt = NULL;

|

ﬂ.&ﬂ.‘u G

functions :

i Insert at beginning

ji. Insert at end

iii. Searching an element

iv. Delete at beginning

v. Delete atend

vi. Delete entire list

Answer

#include<sidio.h>

#include<conio.h>

typedefstruct nl|

int data;

struct n *prev;

struct n *next;

Inode;

_..Eam *head = NULL, *tail = NULL;

L mﬂm:nﬂcn to insert at beginning :
void insert beg(node*h, int d) |
node *temp;
temp = (node *)malloc(sizeofinode)):
temp->data = d:
meﬁ-Vﬁnaf. = NULL;
iftlhead == NULL)

[ — T



ArToy anwd Linkcd Lists
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{
temp->rnext = NULL;

head = tail = temp.
return,

temp->nest = I
h->prev = temp;
h = h-=prev,
hend = I

)
ii. Function to insert at end :

void insert_endinode *, int d?
nodde *temp.
temp = (nods
temp->data =di
temp->next = NULL;
ifihead == NULL) |
temp->prev = NULL:
head = tail = temp,;
return;
|
temp->prev =1; % i
t-=next = temp;
t = t->next;
tail=t;
i
iii. Funection to search an element :
node *findfnede *h, int aft) |
whileih->next 1= head && h->data !'= aft)
h = h->next; )
ifih->next == head & & h->data 1= aft)
return {(node®) WULL;
clse
return h;
}
iv. Function to delete at beginning <
void delete_beginode *h, node *t) |
iflhead == (node* ) NLILL) |
printfi*inlist is empty.™);
getenl X,
return;
)
ifilhead == tail} {
freeth);
head = tail = (node *XNULL:
Teturn;

}

*imallocisizeofinadel);

pata m_.ﬂr—n__._...ﬂn.
ifili->»next ==t) |
tail-=prev = NULL:
head = Lail; _
|
olse |
head = _._nnn._-u.-.—.m_x.”"
head-=prev = NULL,.
H *
-q_.-ﬁu.u::..
]
V. _.._ﬂ._h.ﬂﬁm_n:u to delete g4 i
void -.Hm._m.wmlﬁﬂmﬁﬂam *h nq._p__.._ i
Edﬁ_ﬁ_ == (node JZEH.H_..V vde ) |
M.u.:..— D..:_.__ nlList is _..__:..—.-___.u.i " |
geteht J; o
return; R,
| W
ifthead == tail) | .
freefh; & . i,
head = tail = hﬂcﬂm@nuzc.—..m . Ty 1 g
return; .
}
iflt->prev == h) [
head->next = NULL-
tail = head; &
{
clse |
tail = tail-=prevy;:
tail-=next = NULL: b
] . Y
free(t); . b
1 . L
void display{node *h) |
while(h = NULL} | e
prntil —H:.._...H.Aw:. —w-u.n_h_.nm.u, N ¢ =
h= T.u.:.....un..n" !
}
}
Function to dele
< 'lete entire list -
vioid f) i - iat s
:cwm MM....- list(nade *list) {
whilerlist '= NULI
b= lint: a1
list = list->next:
freeit),
H
i

1-29
Ewcsar Sem.3)
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1-30E .“ﬁu.c..—_.n..uu.r.:-..tuu

—— _ tio
Quo 1.33- write H—-u#-.:n.:._ of _.G:.u._s____.-.._n ppori

lint 2

i. Traversal

ii Innertion nt beginning

:_.r Delete pode at :-:.h__ﬂn locntion

iv. Doletion rom end.

n for Jdoubly linked

o ind
¢
Wweite an algorithm or C conle to insert o nodo in

heginning:

Answer _

i Traversing of lwo-Wny linked Llist & '
n. Forwnrd Traversing !
"TH «— FIRST, .
Repent step Lo 4 while PTR != NULL.
Process INFO (TR
TR +— RPPT (I"TRML.
. STOP.
ackward Traversing @
I"'I'R « I 1RST.
Repueat step (3} while RPT (PTR) =N ULL.
TR « RI'T (PTIY)
Repent step (D) 1o {6) while 'TRR 1= NULL.
Process INFO (I'TR).
PTR « LI"T (TR
. STOP.
ii. Insertion at beginning :
1. IFPTR=NULL then Write OVERFLOW
Go to Step 9
[END OF IF]
SET NEW_NODE = Iriv
SET PIR = I'TR -> NEXT
SET NEW_NODE -> DATA = VAL
SET NEW_NODE -> PREV = NULL
SET NEW_NODE -= NEXT = START
SET HEAD -> PREV = NEW_NODE
SET HEAD = NEW_NODE
EXIT
iii. Delete node at specific location :
1. 1F HEAD = NULL then Write UNDERFLOW
Go to Step 9
[END OF 1F]
9 SETTEMP = HEAD
3.  Repeat Step 4 while TEMP -= DATA '=ITEM
4. SETTEMP=TEMP-> NEXT
(END OF LOOP]
5. SETPTR=TEMP-= NEXT

gubly link lsat in

T

RNl i

PRCY- X ol

oo eyl

ata Structura

SETTEMP -> NE
SET PTR -» NEX
FREE PTR
: EXIT
.—.vﬁ_-wnmcn from end :
1. IFHEAD =N C..mk__i
Write UNDERF
0 to Step 7 LOw
IENDOF 11V
2. SETTEMP=H EAD
4. Repeat Step 4 WHIL
[END OF LOOP)
5. SETTEMP.>p
g, FHREE TEMP
7. LEXIT

Que 1.34. _ What is doubly linkeq ;
ist 7

Explain how an element o :
an be degp
e

u-n-Hruu .—.H. o
I'r.
T> PREy C pEXT
Mp

eEae

iv-

mgsmul ia
-> NEXT > NEXT = ZGFF

mm<rv2mxeuzcﬁr

What
a
i ted f T it4 applicy,;
using C program. rom n___uﬂv_w "y Ons ?
inked i
t

Answer _ AKTY 2019.2¢, Marks 15

pplications of doubly 1; o Lage 1-258 g

1. Doubly linked list can &M_H_ﬂa_ar.m- are s » Unit-1,
m..a.g_ buck navigation is -..m._n—.c.mm Dt havigay

2. Itis used by browsers to red,
of visited web pages, i

5 ward a d
3. 1t is used by vari nd forwarg

ou - N nawvy
functionality, & applications g lmple Ration
4. It ecanbe us ment y
5. e used to represent ndo and redy

It is used to re

A present :
Deletion from ..-ELu—.«.SEMNE
Page 1-27E, Unit-1. =

ﬂ Ls 1. im -
Que 1.35 _ Discuss doubly linked lis .
anode after a giv L. Write an al

deck of
ﬂDHQ..J H_..ﬂ -
BUS stateg omﬂﬂm.wnm“:mm.

d list usin ~
gC Program
4 .mh.m..m_ﬂ n.m 1.32

en node in singly linked list Borithm to insert

AKTU
Answer 2022-23, Marks 10

J

Doubly linked list:
A limk ist: Hefer Q. 1.
Step1:IFPTR=N
> =NULL
WRITE OVERFLOW
GOTO STEP 12

30, Page 1-25E, Unit.1,

(T AT e

T T RN W

e
e et
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Array and Linked Lasts

sStep SE1

Step 6+ mﬂﬂhhhﬂﬁmvm ?.}.-BG :Z.H.H.-LH

m”nuﬂ“.ﬁmz_.n,_,ﬁ_.__:.zm..xe _
Srop 8 1 TEMP = NULL e

WRITE® N ODE NOT 'R

GOTO STEP 12

END OF __H.“oo_“.

w”ﬂ m_x TR —» NEXT = TEMP 2 NEXT

Step 10 L TEMP —» NEXT=PFTRL

Step l1: SET PIR = NEW_NODE

Step 12: EXIT

mub, RT-10 |

Circular Linked List.

—

Que 1.36. __ What is meant by circular linked list 7 Write the functiong

to

perform the following operations in a doubly linked list.
Creation of list of nodes.

struct node *ptr, *cpt, *tpy «

int M
r= (struct node

”_-F.'ﬁ. kwﬁ_n

1 *) mallog (g;
uﬂ..ﬁﬂw_. == NULL) e Ol (stryg,
{ fode)y,
print{ (*OVERFLOW™);
returis

]

ﬂlb: (*input new node inform

scanf (“%d”, & ptr —>infq);
rintf (“input node infor .

Mnb::.._q_.na__:. & m); Tmatio

cpt = first;

while (cpt == info != m)

cpt = cpt —=rpt;

tpt = cpt —> TPy

cpt —> rpt = ptr;

ptr—> Ipt = cpt;

ptr—>Tpt = tpt;

tpt —= Ipt = ptr; .

ﬂ_ﬂ.:—.:sHﬁmnﬂamU: is done\n"):

I 3

Te delete the node )

void deleteNode(int nwﬂmﬂ_ﬂ__tﬁﬂ Posilion .

Hu_..—qm_ﬂ.—.._-_."..q

0 after which inge

—-—.na._..._....

a.
L. Insertion aftern specificd node. struct dlINode “nPEr, “tmp = head.
¢c. Delete the node at n given position. if thead == NULL){ . cad;
. Sort the list according to descending order printfi*Data unavailable\n®;
e.  Display from the beginning to end. return: d o
t Jelse if (tmp->data ==
Anawer nPir = .,.q:wT_uu”ﬂcH”n date)l '
Circular linked list : A circular list is a linear linked list, except that the last tmp->next= NULL; e #
elernent points to the first element, Fig. 1.36.1 shows a circular linked ljst free(tmp); _ > ; g
with 4 nodes for non-empty eircular linked list, therc are no NULL pointers, head = nPLr; \ N
. _ totNodes— —; -
start ] else ( e
while (tmp-=next '= ll
aPtr = tmp; NULL && tmp-»data 1= data) {

.ﬂﬂllﬂllﬁTL\Ll_lJ |

Fig. 1.36.1. _

Functions
a. To create alist: Refer Q. 1.31, Page 1-26E, Unit-1.
L. ‘Toinsert after a specific node:

void insert_given_node ()

tmp = tmp->next;

m.m..—”—_.aﬁu.uw.n:uunﬁ. == zc.—l-_L aa.l. Iy u!n_mﬁh_ — Hm

! : ) &. M = 1

L8 i . .m... H m..—.ﬁ....ﬁ
pPTIn mm “nllu.-_r €Il nu.ﬂ_.ﬁ.m. .__u.._u_m_r_.nw.-f..u f_ﬁu 1 Hu._m.w __-U. vn

lelse if (tmp->next 1= NULL & & tmp->data == data} [

nPir->next = tmp->next;

tmp->next->previous = 1
= tmp->previous;
tmp-=next = NULL: N
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_,h.-,rv._:.nf._.ccu - NULL:

frovibmplh
.n.ﬂm;n.._u::_ doleted Aucce

nQMZQ.ﬁ“,ﬂﬂ i .ﬂnv.z...v._..

Jolse i {Ltmp-

it = NULL: :

uum,_nﬂv:ﬂwﬂ - tmp->previous = NULL:
free(tnpl
ua.Em..Uu:. de
totNodes—=i

1

!

I

To sort t
void :.ﬁ,o—ic:molc {

struct dlIN ode *nPtrl, *nPtr2;

int i, j, tOP;

nPtrl=nPtrz= head; a- .
fori=0;i< totNodes; i+l 3
tmp= aPtri->data;

for (j=0;j<i;j++) A%
nPtrZ= nPtr2-»>next, SRR
for(j=1;j=0&& nPtra->previous->data < tmp; ) L
nPtr2-»data= _.._Jnm.vﬁ_,m&ocm.u.&m-.ﬁ

nPtr2 = nPtr2->previous;

! .

nPtr2->data = g, . 7
nPtr2 = head; it
oPtrl = nPirl->next;
)

To display from the beginning toend : _

void display() g oo 5H "z

E:__:.;..r

== datal} |

leted mnnnnmu?:v;_ n';

o &amna:m.-ﬁm.a-.mm.ﬂ.“ it

£

he list according t

ey

{

ifthead == NULL)

printfi*\nList is Empty!!"); R

else . '

i

struct Node *temp = head; i
printfi*\nList elements are: \n"); _
printfi"NULL <—--");

while{temp -> next = NULL)

{

wlsﬁ:mn <===>"temp -> data);

wib..m..@m > NULL", temp ->data);

" tion at specifi

inseT pecified ) :___..
e H-n_.un.-.un..__ at the end Position for
i gelete entire list

..Ecn_h_. y . . .
H.—n.ﬁ—n 45._&&& E 7:_.LHL ......f\ .q .

void Emuuwunrfmsn node *h, int d) { ;
node Fterps &
temP = {node™)malloc(sizeofinode)): *
—.,w:dupv&.unm =d; .
sfihead == NULL} { Y
head = temp; 8l
temp->next = head;
return; ) §
while(h->next 1= head) A
h = h-=next; g
ﬁeaﬂ.vsmuﬁ = r-u-_._mw.m..
_...—nu«up_mﬂw = temp; i

o

e

i. Function to search an Sl

i ke clement :
int search{struct node *he oy~ o
* ead, int Wmu. L
int index = 0; s
struet node *current = head: i

&

do
{
if (current == NULL)}
return; i
if (current->data == key)
return index; \
current =
Sl current->next;
] while (current ! = head):
return - 1; .

. ——
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Array and Linked Lists

Avray end RED T
P

at uﬂnnwmn& position :

Function to insert node nt d)

void insert_cirsp. posinode *h, int pos:1
i
pode *temp, *loc
intp=0;
“n_mﬂm.n._hvluﬂmx_. 1= hend && p < po5 = 1
l
loc=hg
[ *h
h= E.U_.-ﬁ.h.-“_
.mmﬂa_m > pos+ 1 && h->next == head} || pos < E... i
ﬁ . -
printf®h nPosition dees not exists. |5
getchl );
b
ifiip + 2) == pos) |
loc = h; e 24
| N & W
temp = (node #imalloci sizeofinodely, <50
temp->data = d; £ iy
temp->next = loe->next;
iflpos == 1} 1 :
h= .—.wmr-..r.... p . ..u. i
while(h->pext '= head)
h=hoenext,
~honext=lemps
head = {empi~ : ¢
_— A ’ .

else 5 & o
loc-»next = temp; W, 2
p =g it S, ILaEF
void display (pede *h) | ] =5
while (h->next '= head) 1 )
printfl*%d”, h->datak;
h = h->next,
1
print@*%d", h-=datal;
]
lii. Function to delete at the end :
void delete_cir_endinode *h) |
node *temp,
ifihead == NUTLLY |
printfi*\nlistis empty™)
getchi
i

Dati grructure
\..L....I|I.|.|.I\lllul

ifth->next == head) |

e \nNode deleted, List

_...H.F_..E. ed. Listig

naﬂ.nw—., I empty).

T_m.u.n_. = NULL;

freeth)

peturt;

T -

whilelh->next '= head) {

temp =

h = h->next;

!

.,.E...ﬁ.v_._mn_.. = r-uﬂnaﬂ

free(hh

1

jv. Function to delete entire list .

void free_listinode *list) | { % 4
node "t; B, T ¥
whiletlist '= NULL) | Y W
t = list; AL TN
list = list->next; Flte, s
| P
e 1:38: _ Writia mun..u,.-.mn_._ﬂ._...,.nﬁ insert a nod g
circular linked list. P € 81 the end in 5
1. TPTR=NULL P R J
2. Write OVERFLOW A R,
3. GotoStep 1 o =
Hmz_u OF ._m-m - ._.“.ll..... = y f.e.Mu.
4 SETNEW_NODE=PrR = L 47
m. SET NEW NODE -» DATA =vAl |}
' mm_.—._ Zmﬂd._- lz D:m - zru_ﬂ__.h_ = Iu_“...z__#H_ .t
w. wﬁ, TEMP = IHIEAD
- Repeat Step 10 while TEMP -
" ._mr?c OF LOOP] ’
. SETTEMP -» NEY
12, EXIT MP = NEXT = NEW_NODE




Insertion, Deletion, Hancma 5
%&HWMP% d Addition, .w_:v:.an:a: sa]
nid

_ono Ll A |
Qperotio® le and Two Variable wohv.a u
le Variah osi _

14
poiynomic: RepT®
| pMultipticstio”?

.thm 1O implement nd.m.uua—_aﬂ ﬂﬂ& 7
log,

. alger!
. an
.m% e gingly linked list.

a
and iraversal o7

pit-1.
Reler a;.w.r Page 1- -17E, U

to _Em;mu:nﬂﬁ :.__am_._.._an del
it a C program™ » “eieling
\\H.h\nﬂ.— Write &

ue . t. ; i _
M&.u:oa on a doubly linked _G.,. L 7
0 >

A Page 1-27E, Gd_n-w. : _

fer Q. 132,
mmla\aﬂul_ Writea C rEnSon for traversal operation on a n__._E..
Que 142 . ;

linked list. hiks S

Function for forw E.__w :.wdm.,m:.n
void frraverse ()

_ -t
struct node *ptr;

] .
L iy

printf (“forward trave rsing /0" ); #

.—u.—H Hm..—,mw ' oy %

while (ptr }=NULL) . o ;
_— S :

Mg

printf (“ed \n”", ptr - _a,z
ptr=ptr -> rpt;

|
Function for backward traversing :
void btraverse ()

structnede * pir;

printf (“Backward traversing :\n"}
pir = first;
while (ptr - Tptl= NULL)
pir = ptr - rpt;
while (ptr '= NULL)

Data Structure

1-39E (CSAT-Sem-3)

priotf{
ptr=ptr-> Ipt;

“%d \n”, pir “>info):

0.._.... 142, — Write g Program in C to implement ; insertion

deleti
and traversal in circular linked list. o

Answer _

#include<stdio h>

#include<conio h>

#include<alloc. h> L%
struct node s,

{

int info; o &
struct node *link;
|
struet node *first:
vold maind )

void created ), ..._.n;mEmC insert wmma ), insert_end()
delete_beg( ), delete_end(); .
clrscr( ) : F

created ); . ) :
traversel ) ) A
insert_begt); - s
traverse(); f8
insert_end( ¥ £
traverse( ) ;
delete_beg(); 3 Y b
traverse(); F0 Y
getch{ - e ST
void created )

{

struct node *ptr, *cpt ;

char ch ;

ptr = {struct node *) malloc {size of {struct node)) ;
printfl“input first node”;
scanfi“%d" & ptr ->info) ;
first = ptr;

do |

cpt = (struct node *) malloc (size of (struct node)) ;
printf(“Input next node”") ;

scanf(“%d” & cpt -> info);

ptr-=link = cpt;




Array and Linked Listg

B ESATSE Y

.lI|l...|I-I-lII|l.I1 -
ir H_..._uﬁ H . s To 31T MOD :ﬂ&ﬂ ”- ¥
wiun:-*.at <¥/N=
ch=getch {1}
H - 1.IH-
while ch == )
ptr = link = first.
]
void traverse ()
f
struct node *ptr. o e e
ﬁ&:..?...m.gemnm:ﬁn__.__nr_F-. PAn");
ptr = first ;
while = (ptr = first)

printf (*%d \n", ptr == info) : ; "_.
ptr = ptr -> link ;

! \ D,
void insert_beg ( ) ;

{

struct node *ptr; R, ey
ptr = (struct node*) malloc (sizeof (struct node));

if (ptr==NULL) . 3
[+ printf (“overflow\n”); =~

relurn ; & e
m ; [ . ... b F, = s ;
printf (“Input New Node™); P, S 57
scanf __..I.m_ﬂi. Nwﬂ.—.“_.- == 1nfo) ; ) ‘1 .. & : .
cpt=first; - - S

while (cpt -> link 1= first)
| " :
cpt =ept-= link ; P-d &
_ I v ] ) ) & .. L5
ptr-> Link = first; e
first = pir; .
cpt -> link = first :
1
void insert_end( )
{
struct node *ptr; *ept;
Ptr = (struct node*) malloc (sizeof (struct node));
if (ptr == NULL)
[
printf{(*overflow\n");
return ;
H
printf (*Input New Node information”);

pata Siructure

scanf ("%d”, &ptr - infp).
ept = first: '
while (cpl-> link |= firgy) .
ept =cpt -> link; '
ept -> link = ptr;

ptr-> hink = first ;

]

void delete_beg ()

{
struct node *ptr, *cpt ;
if (first == NULL)
{
printf “underflow\n*) -
relurn; f
]
cpt = first;
while {cpt -> link !'= Firgt)
cpt = cpl -> link ; 4,
first = fﬁn. |U¢_H.:.W_. £ ¢ . N
cpt -> link = first ; 4 ®
free(ptr)
]
void delete_cond( )
{
struct node *ptr, ~cpt;
ififirst == NULL)
{
printf (“underflow \n");
return; v 1
cpt = first; . ,
while (cpt -> link '= first) ) B gk
ptr = ept; .
cpt =cpt -» link;
] .
ptr == link = first:
free (ept);
I

Que 143.'| Explain the method to represent the polynomial
equation using linked list.

. Representation of polynomial ; ;
+ Inthe linkeq representation of polynomials, each node should consist of
elements, namely coefficient, exponent and a link to the next term.

. —




Array and Linked Liggg

lue of the coeflicient of a term, th

. :rx:nqﬁmhn:rm::r
coefTicient field 1o xpenient value © 5

QMQE,EHEE contain® _Emm”nwnhaﬁ term in the polynomial.

..,H ...r,w..-

field contwins the addre

Fig. 1.43.1- . _
Let us considerthe polynomial of degreed Le,, 3x4 4 g,

For example: en A5 g* ﬁcaﬂmﬁ (x,4) + B+ power ﬂH. 2V+ 6 * Power

+ GBir + 8 can be wIl
1 = 8| 0|NULL

5, 1)+ 8 * power UL | e list s
t of the last node is NULL pointer,

eld holds the va

It ciin be represented as

3. ‘The link coming ou . :
In case of polymomial of 3 variables i.e., x,¥, z can also be represented qg

linked list as shown in Fig. 1.43.3.

ﬁ power X _ power ¥ | power z coeff _ :=Mn|._

Fig. 1.43.3,
For example : Let us consider the following polynomial of 3 variab)e

Jal+2 :.n + ".l__.f...m + Tyz. 2
We can replace each term of the polynemial with node of Lhe linkeq list

EODEE DBDEE DEUEE OB B

Fig. 1.43.4.

Que 1.44. _ Explain the method to u.c_u-...wumhn the polynomial

equation using linked list. Write and explain method to add two
polynomial equations using linked list.

Answer _

Representation of polynomial : Reler Q). 1.43, Page 1 41E, Unit-1,
Addition of two polynomials using linked lists :
Let p and g be the two polynomials represented by the linked list.
1 While p and g are not null, repeat step 2.
2. If powers of the two terms are equal then,
if the terms do not cancel then insert the sum of the terms into the sum
(resultant)
Polynomial
Update p
Update g
Else if the (power of the first polynomial) > (power of second polynomiall
Then insert the term from first polynomial into sum polynomial
Updatep

_.L-.Mln—ﬂ-.n_m nN. .
Copy the remaining termg fry
polynomial.
: Lot us consider the i
ple Hb ¢ addit
Mmﬂaﬁf 2¢?+ 10x + dand 7x34 3,2
Sxt Baxd

3

.a:a:ic

+x +..“.,S.W.F_§E_
9.2

+N.H #_._DH....P

rJIaqHu + &4

Sxtv13.0

wMMHI“JM.mI+:hT:

i.e., to add two polynomials, oy Se_ T
from the first node and move Eﬁﬂ__.u_mﬁrm_w nauwmm_u_u:& te
5 the epg Rode! T _.Hhmgﬂ_ﬁ

Que 1.45. | Write and explain methogd to

pquation using linked list,

Fnswer |

1

...H.EEEH.. -.__a..wnc.u_.&

The multiplication of polynomials jg
and adding the respective power.
p roduce the multiplicatj -
2 “..Mﬂwcnai_ : phcation of n.sc Polynomials follow
a. Check whether two given polymomin]s i
mialise g rnomi
MH_MM_.N. ial i rEn.nw:#: Polynomia} multip
b. Second palynomial is seanned fromleft to Fight
c. For cach term of the second polynomial _HMn m t ial
scanned from left to right and jts each um.:d is M:_Waﬂﬁcg_ is
term of _._E.mm_no:ﬁ— Polynomial,ie., find the coufficipnt _up.m_ e .E. »._T.m
| the coefficients and find the expunent by adding the ,. ot iring
d _m_._,::. product term already exists in .n:m.wam:._ﬁuzi _..x_sﬂmmsm.
< its coeflicients are added, otherwise a new noﬂwe._.“dhlﬁ: w_:.u
represent this product term, . el
For example : Let us consider twe polynomial 8x* + 64 + 5¢ + 2 and
3r% + x + 2 and perform é:_:%nu:ca as i
Bx +6x +5x+2
x 3x° + x+2
G 3 a

24 + 18+ 150 6
+8x" + B+ B 4
+16x" + 125+ 100+ 4

2ax" + B’ 4 34t 4 20 4 22T 4 120+ 4

Que 1.48, _ How to represent the polynomial using linked list ?

Write 4 C program to add two polynomials using linked list.
[AKTU 2022-23, Marks 10]

rmﬁma_.n._.___.,i by EE:.E%.:N cortlicippt

Ing steps arp

ﬁﬂ....mﬁun.__.. If anyone
lieation ig pot. possible,




Tam 3 i

ata Srructure

=

Jynomial : Refer Q. 1.43, Pay,

@ HL:.H. Unj;

_ u
" Node* result = NUL,

while (poly1!=NULL & & poly2 1= NULL)
ﬁ__t.chwu__.vaxﬂ == Hwitm-u.nkE [ "
. cort(feresult, polyl-scoef + poly2_..
" poly1= polyl->next; coef, poly 1->exp);
polyZ = poly2->next;
) else iF(polyl->exp> poly2-sexp) |

tion of PO
n.ﬁr%h.ﬂ—..—h.
Rep oy . 1 mnmﬂiﬁwﬂnem::__‘z..m.___;..vacmm. _—H_u\_ivmxg. |
Cprof” tdio.h> Iy1 = polyl->next; J .
z_n%mm - dlibh> w:__, [ e |
ginclude <staib: else _
ctruct Node | insert(&result, poly2->coef, poly3-sexp): _
intcoch; . poly2 = poly2->next; | I
ctruct Node* next; l g, _
: g } ) wE L b !
Wﬁ%m::qﬁ Node Node; . while (poly1 = NULL) |
i m_._mnﬁ_.z.un.mi poly, intcoef, intexp) [ jnsert(& resuit, poly1->coef, ﬁc_u,_.vmxu___. r 1 {
: polyl = polyl->next; o

Node® temp = (Node™®) malloe(sizeoliNode));

temp .sgoef = coel;

temp ->eXp = €XP,
temp ->next = NULL;

if (*poly == NULL) {
*poly = temp;
return;
! :
Node* current = Tpoly;
while (current ->next | = NULL) {
current = current -=next,
!
current -»next = temp;

i

while {poly2 ! = NULL}{

insert{& result, poly2->coef, poly2->exp);
poly2 = poly2->next; .
'

return result;

int main() | P4

Node* polyl = NULL;
inserti&polyl, 6, 4); =
insert(&polv1,. 3, 21,
insert(&polyl, 1,0k

Node® poly2 = NULL;
ingertl&poly2, 4,40
insert(&poly2, 2, 2); - ¥

void print(Node* poly) { : .
if (poly = = NULL} { b insert(&poly2, 1, 1); ; {
printf -0\ a™): s printfl “First polynomial: "); 1
refurn; print{poly 1);
} printfi"Second polynomial: ") !
printi palv2k it

Node* current = poly;
aw.En {eurrent [ = NULL) {
Printf*%de"%d”, current ->coef. , Current -»exp);
_incﬂmnﬁ =>next ! = NULL) {

Node* result = add{polyl, poly2);
printfi*“Result; ™),
print{result);
return 0;

printfl* + ™) |||II||_

+ ]

n__._ww_w,:ﬁnn:qwm_.__n = Que 147, [ Assume that the declaration of multi-dimensional

N = 3 & D £ H -5 n.m__uuwﬁ.umw

PHnt*\n"}; arrays X and ¥ to be, X (- 2:2, 2:22) and e !

i L M:..n_ the length of each dimension pndl umber ofelemes=iR
and ¥,

Node* add(Node* polyl, Node* poly2) { "

-
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ol A1y ang,
ii. Find the address of element ¥ (2, 2, 3, b Erm_“:..__
Y = 400 and each element occupies h__E. Sumipg bag y
emory _oazwau&; %
. hy, Y

i.  The length of a dimension is obtained by
Length = Upper Bound — Lower Bound 4 1
Hence, the lengths of the dimension of X are,
Li=2-=2+1=5 L;=22-2+1=9
The lengths of the dimension of ¥ are,
L,=8-1+1=8 L,=5-(=5)+1=11; bw.um_:r..s
Number of clements in X = 21 x 5 = 105 loﬂm_ﬂ,mm f I=1g

—

Number of elements in ¥ = 8 x 11 % 16 = 1408 mFE.“p.n.,..m

ii. The effectiveindex £ is obtaincdfromE =k .1 ok .
indoex and LB, is the Lower Bound. Hence, L ma»_.s?w_ag

E, =3-1=2; E,=3-(-51=8; huumIAlﬂP_nHw
The address depends on whether the Programming
in row major order or column major order. Ass
column major order.
E.L,- 13 x 11= 143
EL,+E,= 143+ 8 =151
(£,Ly)L,=151*8=1208
(E,Ly+E,)L, + E, = 1208 + 2= 1210 :
Therefore, LOC(Y[3,3,31) = 400 + 4(1210) = 400 + 4840 = 5240

e

langy
: Age sly
Uming ¥ mp,ﬁnﬂaﬂ M

L3

Stacks and Queues

CONTENTS

II-I-I|I|||||I||II|||-|||
. Stacks * Abstract Data Type . 2-2E to 2-3E
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ract Data Type, Primitive

: Abst
muwﬂwww Operations Push and Pop,

What do you @31 by stack ? Explain all jis OPeratig,
Que 2.1, _
with suitable example.

\% ost commonly used data structure,”

‘s of the m . 5 _
W.M ﬁ_,_w_mﬁ _M_mwma_mn Last In First Out (LIFO) system, is a lineay list iy
A slachk, =8

jon can take place only at one end, ¢a)

L ption and deletion ¢ callad 1,
sE,...r E“sze operates in much the same way as stack of trays, R
,__M._H...,,,._um_.”w:ﬂ 1o remove a tray from stack of trays it can only be reMmaoyed

top only. - :
g ﬂwwwﬂwq_mwu and deletion operation in stack terminology are knggyy

as PUSH and POP operalions.

P2

e L3

top —= 4 6

3 -5
2 12

1 10
0

L

Stack of trays :
{a) Stack after pushing 8, 10, 12,-5,6

top—= 5 g

g 4 11

3 7

top —= 2 12 3 2 12
1 10 1 10

0 B 0 8

{c} mﬂmn# after pushing
clements 7,11, 9

(b} Btack after poping
elements 6, - 5

Fig. 2.1.1.
Following operation can be performed on stack :

H Create stack (s) : To create an empty stack s.

PUSH (s, ) : To push an element i into stack s,
FOF (5) : To access and remove the top element of the gtacks.

Peek (s) : To access the lop element of stack 5 without removing !
from the stack «.

6.

i

m:.:.u_,.:wW‘

patd 231 AOm..H.—...men-.m”_

is full,
t the stack jg eapty,

\..MM‘._ Write short note on kuh:...ﬁﬁ.ﬂ dats -.u.-uﬂ
qu :

\‘\m#\iﬂ\_
An

= ar @ 111, Page 1-0E. Unit-1

ﬂmﬂmw.\.l_ Discuss PUSH and POP operation in stack and write
o their algorithm.

\

overflow : To check whether the g,
Vo nderflow : To check whethe o

[ operation : In push operation, we insert an clement onto
MM.WH_M.- EMM&EH, first we increase the top pointer and then insert the m_mﬂ.ﬂﬂ__ﬁ
_.l.:.—.—n_.__ H . A
W__._m%m (STACK, ﬁ.u:._. MAX, D.y_,ﬁ}p _. :
1, WTOP= MAX - 1 then write “STACK OVERFLOW and STOP"
2. READ DATA o .
3 TOP« TOP+1 T, g
4. STACK [TOP] «— DATA .
5 STOF h
POI’ operation: In pop operation, we remove an element from stack. After
every pop operation top of stack is decremented by 1.
Algorithm :
PO (STACK, TOP, ITEM) ;
If TOP < 0 then wrile “STACK UNDERFLOW and STOP”
STACK |[TOP| <~ NULL
TOP « TOP -1
BTOP

bl e

PART-2 |

Arrays and Linked Implementation of Stack in C.

Que 2.4, _ Write a C function for array implementation of stack.
Write all primitive operations.

Answer _

xmbn_cn_?nm:::.:u
¥include<conio. h>
#define MAX 50
int stack [MAX + 1], top=0;
void main( )

clrser( );




24 E (CS/1T-Scm-3)

mwmnrm E.__
aamﬁ_n_.omg:;amcmnmmhrﬁ:mr:. wcﬁC. _n afg..
creale( ); . i
print{{“\n stack is:\n");

traverse( )

push( );
printf(*Afier Push
traverse( );

popl );
printf{“After Pop the cleme
traverse( );

getch( );

the element in the stack s N
» ,ﬂ.u

ntin the stack jg Y Y
)

)
void create( )
[ ; 2
char ch; _ SN 4
do ..
{
top ++;
printfi“Input Element”);
scanf (“%d”, stack[top]);
print{i“Press<Y=>for Eo_.r ele
ch=getch(}; . S
H ". v ... .
while(ch==%Y") = . _ PN
m A ” 3 ; .. .\.\... b
void traverse( ) . SN
inti: : _ N
for(i =top;i> 0; ——i)
—ulﬂ.a:t.ﬂﬁ \n”, stack[i]); .

ment /,_..-:._w

| : _ .
void push( ) i 4
{

int m;

ifitop == MAX)

printf(“Stack is overflow™)
return;

printf(“Input new element to insert™:;
scanf{*%d", &m);
top++;
MﬁmﬂW—gﬁH =
|
void pop()
{

ifltop == )

( u:-:m..mgar is underflow\n"),
return;

_ stack[tap] ="\0;
top —
!

\\emﬂl_ Write a C function for linkeg list §m
Que L=

Wwrile gll the primitive operations,
OR
e a C progriim to implement stack using mmuw__m,r.u..rﬂ_ list

Plementation of
gtack:

wri

OR

of stack.

_A.Ear Refer Q. 2.1, Page 2-2E, C.Eﬁw
tn..ﬁ:%.:ﬂﬁ_._c hz Sk, i "
#include<conio.h> 5 R § e
#include<alloe h=> ) Ny ] .
struct node e & B S
intinfo; . ‘ : L
struct node *link; AL
b P
struct node *top; N ! .
. void main() 5
[
void create(}, n_.wdm_.mmc ﬁ.cmwc vaﬁ:
createl);
printfl“\n stack is:\n"); &
traverse():
popl );
printfi“After push the element in the stackis : \n" 13
traverse();
popl J;
Printf(“After pop the element in the stack is: \n")
traverse():
getch():
!

void create()

{

struet node *ptr, *cpt;

e




—-H_umnuﬂ.m_u mnm—
2. 5E (C8/ chky ang ﬂ:m__._ mnq:nnﬂﬂn an
char ch; i iy pat? E Anm_ﬂ._.,.moﬂ.uu .
ir = (struct node *) malloc (sizeof (struct node)); + 0 a [
_uu.wﬂﬁmﬂ..md—ur—-. first .—:_».Q:uu » muﬂ_.__._ﬁﬁp.m:ﬂﬁ_.ﬂ_.._; ow \n ¥ |
.wnm:n.._wna_ &ptr -> info); eturm; |
ﬂﬁﬁ.v_wﬂrﬂzcrrw | .
do ptr=tepi |
| top = _..._...__.. -V—r—u_ﬁu |
. (struct node *) malloe (sizeof {struct node))- free (ptrh {
?55.&%&. next information”); ' )
= —.nn__.._.qmn_.__ hn‘nﬁn - Em.n.—ﬁ " .—.. .
”Mw_.a.rv link = ptr; \..M,Mmﬂm\n_ write a function in C language to TeVersen string using
tr=cpt; ; . Y
wlu..n:uqmmm <Y/N= for more information”); " L stack OR

ch = geteh() | C program to reverse a string using stack. .

) write 2
while (ch == Y] . : M‘ﬂ&“ﬂ\_
top = ptr, fn, am :
| . : Hﬂ“ﬂamnmnnmm..uv
void traverse() : Tin, E:&Emmnno:_n.rv
| 2 Eunpcﬁ_nnm...lam.rv
struct node *ptr ; B i ! edefine MAX 20
printf (“Traversing of stack : An"); £ inttop=-1;
ptr=top; . bAoA Y char stack [MAX];
while (ptr!= NULL) ==l char pop(k
{ & _Emrﬁn_..mlu
printf (“%d\n”, ptr-> info); A main{)
ptr=ptr ->link; l
} clrser();
} | char str [20];
void pushi) inti;
| ’ . printfl“Enter the string : ")
struct node *ptr; # A gets(str);
ptr = (struct node *) malloe (sizeof (struct node)); forti = 0; i < strlen(str);'i++)
iflptr == NULL) 5 d push (str [il); :
[ : ' for(i = 0; 1 < strlen{str); i++}
printfl“Overflow\n"); strlil = pop();
retura; printfi*Reversed stringis ")
J . puts (str});
printfi“Input New ; < "y, getchi);
seanft“%d”, &ptr -Vu..u_.o_.w__,ﬂww.m_auﬂmﬁ_cb a }
ptr ->link = tap; ’ push (char item)
."c—u =ptr; : {
- wﬂfﬁc_u == MAX - 1)
o ﬂ...cv: printf“Stack overflow\n");
else

m:_.—n_w Sa&m # ) .
i e stack[++top] = item;
ifltop==NULLy ,. pl = item,;




char pop(}
{
i ==-1) i
MMMM_;..mSnW underflow \n");
else .
return stack [top = -1;
}

.

Design a method for keeping two stacks withiy, ,
array so that neither stack overflow until g1 th

used.

m:..__ﬂ—@ —mﬂ.@wh.
e -H—mﬂn—n_wv. h..a

Write a C program to reverse a string using gtack

Answer

i

#include '
#define MAX 50

int mainarray[MAX];

int topl = — 1,Lop2 = MAX;

void pushl{int elm)

{

ifi{top2 —topl) == 1}

{

clrscr(); .

printfl*\n Array has been Filled !I!”);
Jreturn;,

]

mainarray{++topl| = elm;

]

veid push2(int elm)

# B
ifl{top2 — topl) == 1)
|

clrser();

Ean.,;wm?ﬁ_..w.wsmu_&_.__.u.
return; :
i

_“.:E.._E.qmwT -op2] = elm;

.HH__. popl(}
int temp;
ifitop < )

{ )
ﬁﬁﬂm%.. \n This Stack Is Empty II!");
pri

returs -1

J p= :,_ﬁm?:n.ﬁwv‘?c_u_:w
temy ™~

topl= 7 ‘

return temP:

) :

int pop2() _
: 3
int temp: .

fitop2 > MAX 1)

[
ser(h; .
Mﬂnﬁms \n This Stack Is Empty !},

return =1;

_SE_U — mainarrayltop2];

topZ++,

return temp; & &
w } o :
Refer Q. 2.6, Page 2=7E, Unit-2.
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(parTo |

Application of Stack : Prefix and Postfix Expression
Evaluation of Postfix Expression.

Que 2.8,

:

Write a short note on the application of stack.

Answer _

A
L

HA

3

4,

4

pplications of stack are as follows :

Expression evaluation : Stack is used to evaluate prefix, postfix and
infix expressions.

Expression conversion : An expression can be represented in pIBhis,
postfix or infix notation. Stack can be used to convert one form of
expression to another.

Syntax parsing : Many compilers use a stack for parsing the syntax of
expressions, program blocks ete. before translating into low level e
Parenthesis checking : Stack is used to check the proper opening and
closing of parenthesis.

w._...._.uu.:.-m reversal : Stack is used to reverse a string. We ﬂ.:m—u. the

nwﬁ.ﬁnﬂm of string one by one into stack and then pop character from
stagk.




als -
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1 : Stack is used to keep informat;
broutines.

mﬂ.n_.n..—ﬁ.a
= ang _.‘H.._
mcma

g Function cal
functions or 5u

Que 2.9. _ Write an algerithm for nwsqaimn.n infi¥ Qe
postfix expression. Trace your algorithm for infix CXpragg

; .. m.
PO equivaleni postfix expression P, Q. 4= 50nQ;,

(&)
(DIEM* G H

Answer _

Algorithm to convert infix mﬂm:.,mmmcﬂ to postf; m_x eXPressiop, .
Step 1: It the scanned character is anoperand. Put it intg posggy .
Step2:1fthe scanned character is an operator and operatgrg
push operation into operator .mﬂunr_
Step 3 : If the operation stackisnot m_sm:.. there may he mc_._cEEm Possity i
It the precedence of scanned aperator is greater than the top Ecwmm_.g__:mm.
of operator’s stack push this operator into operator stack, Operatg,
Ifthe scanned character is opening round Brackets [1'], Pugh i intg
stack. OpeTai
If the scanmed character is closing round [V]. Pop out oper;
stack until we find an opening bracket ['(’]. _ illeas: from operators
Step 4 : Now pop out all the remaining eperators from the Uperators s
and post into postfiix expression, Tk
Step 5 Exit
Infix expression : The expression of the form “a operator b*
when an operator is in between every pair of operand.
Postfix cxpression : The expression of the form “a b operators” (ab +) that
is when every pair of operands is followed by an operator.
Postfix expression : :
PR:A+B*C-(DIEM*GYH

on a
—.:-___._L— .___:u ot
:J

m_m.—_uﬂ m-.___a

fix -.px.—uﬂ.mm w.E.:
m:u.uﬁﬂ is m._.ﬂ_u_._.f

(a + b} that s

Character Stack Postfix
A A
+ + ; A
({ +{ A
B +( AB
= + (0 AB
C +(* ABC
= +(— ABC*
( +(—( ABC*
w +{ = ABC*D
+{=(/ ABC*D
L E | %Gy ABC*DE

2-11E (CSAT-Sem.3)

— O ..|r|.r|a|l.|
A +(=(/n r?
F +{={/" .P.—.._.O*Umm.
) Fi- nﬂmnnummﬂ)\
* +{-* ABC*DEF+/
G +(—* }WD..UMH.;___.Q
) ' ABC*DEF~/G » _
* H ABCDEF~/G » _
H t ABC*DEF~G + _ gy
A\\\ ABC*DEFNIG * 1+,

Postfix expression ABC*DEF~/G*_H*.

\m\..._ﬂm._.ﬂl_ Write algorithm for push and pop operations in stack,

nsform the following expression into its equivalent postfix
M%_.M_._nmmmnz using stack : ; ;

A+(B*C-DIETPH* G *H | AKTU 2019-20, Marks 10]

Answer _

Alyorithm for push and pop operations in stack : Refer Q. 2.3,
Page 2-3E, Unit-2. JE
Character Stack | ' Postfix u
A i __
g + _ A
¥ Jo A
B +( ) 3 AB
3 T {* @3 ; AB
e + (% A ABC
= H (= ABC?
( +(~( ABC*
D 0 (i ABC*D
/ +(={/ ABC*D
E + (=1 ABC*DE
T ) ABC*DE
F + =0T ABC*DEF
) + (=T ABC*DEF
y (=% ABC*DEF 7/
G = ABC*DEF 7/ G
) + ABC*DEF1/G* -
p +* m.maicmm\_ % od
. * ABC*DEFT/G® -
N T ABC*DEFMG® —H*+ |

Resultant postfix expression : ABC*DEFT/G* —H* +
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Stack g
. Q
Que 2,11 _ Consider the following .:.:—Eum:n _ EE:
ex .
in infix notation : ugam.oa Wiy
E=(A+B)*C+D/(@m,,, ey
E=ABAC+DYE_pz4 C+p

Convert the above expression into pos

‘Answer _

. E=(A+B)*C+D/B+A*C)+D
Postfix: E=(A+B)*C+D/(B+THy4p
=(A+B)*C+D/T,+ D'
=T;*C+D/T,+D
T,*C+T,+D
Te+T,+D
=T.+D
=T,
On putting the values of T's
= T,D+
=T, T,+D+
=T, C*DT;/+D+
=AB+C*DBT, +/+D+
=AB+C*DBAC*4+/+D +
Prefix: E={A+DBI*C+D/iB+A*C)+D
u..,.P+m..*G+D:m+.H,_U+U
=(A+B)*C+D/T,+D
=T,*C+D/T,+D
=T, *C+T,+D
=T,+T,+D
=Tg+D
; . H.Hq
On putting the values of T's
‘E=+TD
++T,T,D
++*T,C/DT,D =
++*+ABC/D+BTD
=++*+ABC/D+ B *ACD
bh. EzA/BAC+D*E-A*C
Postfix: E=A/T,+D*E-A*C

I

]

1]

=T,+D*E-A*C
=T, +T;-A*C
= 1._um+,H.u|.H____
=T.-T
=y

On putting the values of T's
=T,T,—

=T, T, +AC*

tfix
angd Prefix Dotay;
log,

Ti=ace
T,= -]

_ q_pu.bM+

_..._...AHS
.H.....n.u,u%*

J, ___H..wﬂ ..—..uH.t.

bl

.H;q = _.—xmc +

Ty= £AC
2.5 + —w.—_H

Ty=+AR

T,= /DT,
TE ¢ 1t
,-U—._m =+ H__q..H_.
T, =+ T,D

T, = BC*
T, = AT/
..__u_..ﬁﬂ DE*
.H_anmwﬁu
Ty= T,Ty*
Ts= .Hm.._._._l

2-13 E (CS5AT-Sem-3)

m:.:n__.c_ﬁ_w E*+AC*
i /D +*
e .L.»NMW,) /DE * + AC*
.“VE)OLTD*HNI.‘.PIO
. E= +E-A*C T,=ABC
fix = P.__\H.b+ﬁ. 1
=L D*E-A*C T, = /AT,
ﬁ%u“ﬁmlbﬁo ﬂ.mnoum
S 4Ts-T B.= * AC
LTi-T, LT
_T . 6= " isly
. the ...wm_cmma:,m
o_:E:_:n =TT, B3g
n|+q,u%u;>0

_+ /AT * DE * AC
llePhEG;Cma}O

n

Evaluate the following postfix expression using stack.

2

md.__ou.un.. / +, show the contents of each and every .m__..mﬂw..u_mc

ﬁ..m . 23" |.wwruu.n prefix form of above expression. Where * is an
piul

(ind the ‘[AETU 2020-21, Marks 10|

nt Euw.u.w?.-..

expotte

pvert the expression into infix expression :

=i co i
First we Symbol scanned mEaF......_ P =
3 - 2,8 A W
m. M4U4 w" .. ......,.”v
i A 2.3%¥9 5
& e, 2+43%9)
i 2 s 24(3*9),2
Ry ; 2+4(3%9),23
oA L 24(3* 9, (243)
- 24+(3*9)-(2~3)
6 2+[(3B*9) (22 I)6
2 24+ [{3*9-(2~3),6 2
/ 2+ [(8*9)-(273),62
+ 2+[{(3*9)-(273),+6/2
9
Mw .i- =
2,3, 9inserted « gecurred .+cn.n..—:‘&
u | 3
m] P |mesen] G
2, 3 inserted A pecurred — occurred 2, 6 inserted
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62=3 3
foccurred + occurrey
Prefix expression :
2 +[(*39) - ~23)] + 6/2
X Y
2+ X-Y]+ _‘Mm
2+ [-XY]+ 2
T
2+(T+2) =2+ (+T2Z)
—
=2+W=+2W

Que 2.13. _ Convert the following infix expression tore

notation expression

Answer _

+m+.ﬂNn+m+_“ruDJ~.mm
H+M+A|*m®>mm,:‘mw.ﬂ+m+l

using stack.

b+ /b - .a:_n“
2a

X =

St
e ang Qu
acmm

Verse poligy

aec 2020-21, Marks 1p

Input Contents of stack Output
token sArightmost token is on top) token(s)
X X

L =1

- =i

b =0 =~ b

+ =(+- =

{ =(+( |

b =(+( _ b

iy H_+As_.

2 =(+(7T 2

™ 1
"H+n.| 4

4 =(+(-

* =(+(—x

i =04+ —x N

x =({+(—-x ¢

[ = +{—x -

} =( + .i|.|-|.|1111..........

2-15E (CS/AT-Sem-3)
a2 ma__w,\;w.\\\\J (+1
=i+
ﬁ: ”_.HM = .” + A. 12
= T+
) e/
/ =/
( =/ 2
2 =/ x
bt = %ﬁ x H]
a - -
}
HHH.HH °—. ﬂ_%ﬁugm.ﬂh

_\.\.\\u\\\\l‘l

PART-4

. and Recursior, Principles of hmq:wmme:. Tail hnntwﬁ.az.
Jreration @ Recursion Problem Solving Using Iteration and
mmq_aca__m n.m,m. amples such as Binary Search, Fibonacei Number,
m&maﬁﬂp Eamﬂﬁ E.M. ors, Trade off between Iteration and Recursion.
ano = .

and

Que 2.14.. What is iteration 7 Explain.

T . _ .
H__.EMHH.ﬁg is the repetition of a process in order to generate a {possibly
" unbounded) sequence of outcomes. :
2 The sequence will approach some end point or end value,
3. Eachrepetition of the processisa single u..rﬁ.ns.ﬁ...:. .d._._n_ the result of each
iteration is then the starting point of the next iteration.

4 Tteration allows us to simplify our algorithm by stating that we will
repeat certain steps until told.
5. This makes designing algorithms quicker and simpler because they do
oot have to include lots of unnecessary steps. .
Iteration is used in computer programs to repeat a set o_,mnmﬁn:n:c_.wm,
Count controlled iteration will repeat a set oﬂnm__.ﬂ:nﬂ._.o:m upto & mtnn___wn
number of times: while condition controlled iteration will repeat the
instructions until a specific condition is met.

Que N.u_..w.h What is recursion 7 Explain.

1 3 : ) m
" mmnjwm.o:mm a process of expressing a function that callsitselfto pertfor
*pecific operation.



¥
w-.ﬂ.n_mh and D_._mnm
4

Jndirect e cursion 6Ccurs when one functioncalls another fun
2. Indire

then calls {he first function. B .
Piga procedure containing cither a call stage
at to a second procedure that may ev
o the criginal procedure P,

ﬂnmab _n_._.n..n

3. Supposc
acall stateme

call statement back t

4. ThenPis called recursive procedure. So the program Willfme ”
" to run indefinitely. -
ive procedure must have the following tw

Bmﬂﬂ to i
tse]
mn__"cn:.«. _.mm:___. “HE
|

5. Arecurs Laite © Propertie
a ‘There must be certain criteria, called base criteria, for whi
procedure docs not call itself. B ich th,
b. Each time the procedure does call itself; it .Ecmp._ua..z.nmau :
criteria. . : o the
6 A recursive procedure with these two propertie
defined. " .
7. Similarly, a function is said to be recursively defined if the g
definition refers to itself., i iy funetigp

.38 said 1o be v,

Que 2.16. _ Write a _dnE.mm.._qm.. __.nmmww_.: to find sum of digits of the
given number. Also, nu_n,c_nnm :.n time complexity.

Answer “ U s . i
Program : g i a8
#include<stdio h> . .
uEn_ﬁmw.AE.Eo..rv_m _
int sumfint o)
ifln <10) &
return{n}:

else
return(n % 10 + sum (n / 10));

Inain()
{
int s,n;
printfl“\nEnter any number:”)
seanfli*%d” & n).
= surn(n):

Printfl“\nSum of digits = %q", g)-
getch(); ~

} an==r,

fime compleXtty” 10 digit numbe

1 tnisa 181t number. The fynes: .«

me tha Uhetion §, :

i bwwn?:.. is reduced by a factor of 10 cach time »rmmnwm”n_ 10 times as the
P we cin conclude that time taken by program £, mH.m.B recurse,

i mpﬁ: of the digit of the input number 5. Mearin termg of e
en . "

. §o, time complexity1s,

- ’ .neth of digit of (n)) where 7 ;

1 = Ollengt e 7 is the ]

mﬁuwi%..__ digit is to be found. e Whose sum of

que 2.17. Explain all types of recursion with au.wEEo“,.

._.Uﬂmm of _..wnr:.mmo: : : :

pirect -.mn:-..mu..o: : A function is &Enzw Tecursive if it contajns ag

explicit call to itself.

For example:

int foo (int x) >

[if (x <= 0) 3

return x;

return foo (x = 1) 3

b. Indirect recursion: A function is indirectly recursive if it contains a
call to another function. : ~

a.

-

For example :

Eﬁ foo (int x} P!
_.w—.n...n A.HH 0] ’
return x;

return bar (x) ;
|

int bar (int y)

" return foo (y — 1) ;
Tail recursion ;

1.

C.

Tail recursion (or tail-end recursion) is a special case of recursion w_..
which the last operation of the function, the tail .u..u is m._.mﬁ._._._.m:m
call. Such recursions can be easily transformed to iterations.

auto _H._Wﬁmnm.__.u.__ can

- = . . L] or
Replacing recursion with iteration, manually used and improve

drastically decrease the amount of stack space

_m:mnmﬂ:nu_. P
Y . . 1s ealled a tail
Converting a call to a branch or jump in such a case i

call optimization,

et e

|t
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mﬂr..h_nv
and
_Er_a.cmw
For example ! .
Consider this recursive definition of the factoria] _._.Enaa
factorial (r)
{

Ninp g,

ifiln== 0}

return 1; .

returnn ® factorial (n—1);
)

4 This definitionis tail qmnE.m?Aw. ;53 the recursive cal] to factop:

not the last thing in the function (its result has to be BESE_H_M_,_ i
) "
n). > T, - by
factorial (n, accumulator)

{ .

ifln==0 L0

return accumulator;
return factorial{n - 1, n *.accumulator);

) :

faetorial (n) P,

{ .

return factorial (n — 1) ;

]

d. Linear and tree recursive: :
1. A rccursive function is said to be linearly recursive when ng _.L,._._&u.w

operation invelves another recursive call to the fumetion,

2. A recursive function is said to be tree recursive (or non-linearly
recursive) when the pending operation does involve another
recursive call to the funetion.

3. The Fibopacei function fib.provides a classic example of tree
recursion. The Fibonacei numbers ean be defined by the rule ;-
int fib (int n) Vo
h .__‘ n==10 *_-__
ifin==0)
return O
iffn==1)
return 1;

return fib(n- 1)+ fib (n—2) ;
)

The pending operation for the recursive call is another call to fib. Therefore,
fibis tree recursive,

Que 2.18, _ Differentiate between iteration and recursion.

[AKTU 2019-20, Marks 10

~ Iteration TN
l!nlnllllll.l.'l —
Allows the set of instructions to
be _.mmucu,__.mﬁ_% exccuted,

ement i a _uomG of
C
itself, alls the functinn

‘\ #aaz..u:_&:mcm _E._Lm.mﬁg:a:. In recursive funetj
2 condition, execution of termination SE::o:, only
statement within loop and| case)is specifieq, on (base

update the control variable,

cration cONSUMES less memory. | R |

\..m.\. - ecurgion COnsumes more
memory than iteration

| 5 i - .

T Tnfinitc loop uscs cru E_m_mm Infinite recursion cap crash the
, nwﬁamnmn_m. system.

\1Lmli. o is applied to Recursion is always applied to
" | iteration statements or loops. | functions. .

% |

Stack is not used. Stack is used. N

\M‘EE_DHM Slow in execution. :

Iteration code may be longer. | Recursion code may be smaller.

i, What is Recursion ? A
ii. Write a C program to calculate factorial of number using
recursive and pon-recursive functions.

. [ARTU 20213, Marks 10]

EIORT Y
Define the recursion, Write a -..m.n:.n.mm......m and non-recursive program
1o calculate the factorial of the given number.

‘Answer
i Reeursion : Refer Q. 2.15, Page 2-15E, Unit-2.
ii.. Program :

#intlude <stdio.h>

#include <conio h>

void main( )

{

int o, 8, b,

elrser();

Prnti“Enter any number\n");

Seanfi“gq, &ny);
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a = recfactorial(n);

print{l“The factorial of a given number using recursiop i g
", ak

b = nonrecfactorial(n};

printf(*The [actorial of a given number using nonrecursion i .
mawnﬂn d ... gn
|

int recfactorial(ing x)

{

int f;

iflx==0)

“ F
return(1); ;
}

else

{

f=x * recfactorial({x — 1);

return(f);

1

]

int nonrecfactoriallint x} .

{ o :
inti,f=1; 2 N S
for(i=1;1 <= x;i++) b <33
( . e o
f=f*i; : . =2

]

return(f);
..u._,

Que 2.20. _ mwwuhm.r Tower of Hanoi.

1. Suppose three pegs, labelled A, B and C is given, and suppese on peg A,
there are finite number of 7 disks with decreasing size.
2. The object of the game is to move the disks from peg A to peg C using
peg B as an auxiliary.
3. The rule of game is follows :
a. Onlyonedisk may be moved at a time. Specifically only the top disk
on any peg may be moved to any other peg.

A B C

Fig.2.20.1.

2-21 E (CsnT.

¢an alarger disk be placed on 5 ¢

Sem.3)

i mall
b. _Em H.ﬁnp:_..n the Tow m.. a:mm:ﬁ: ﬁncEmE forn =3 er digk,
u
.—Hm 50 B C %
= Eu
(1A C A
iti B
.—Eﬁwﬂw O A .__H llv
A
[
5 C— B E>¢o i a:f:.,
_ N _ A
: G.w.? = C
H..._n. w.mﬁ u .
. ber of mpnum to solve .H.aimq cn Hanoi problem of n disk
L &7 = 1= 2127
%

Write the -dnE.m-cm. code in C language for __._um _uonmB.

,.Bm:é_. o, o g
s de for Tower of Hanoi :

mhn:.—..m#ﬁn co
Snn._ﬁ&mnuc&n h>

Enzsmmnach h> -
yoid main()

R

charA="A",B="B",C= m
void hanoi (int, char, nw_mﬂu nrmHv
printf(*Enter number of disks :7);’
scanfl“%d", &n); _
printfl* \n\n Tower of Hanoi problem with %d disks\n", n);
printf{*Sequence is : \n™);
hanei (n, A, B, C);
printf“\n");
getchi);
]
void hanoi (int n, char A, char B, char C)
(
Ifin = 0)
(
hanai (n -1, A, C, BR);



3 »Sem 5t
E E
vﬂﬂw:. sove disk %d from %ec to %cin,n, A, C,"):

hanoi (n - L. B, A, CJ;

b
i

Que 2.22. | Write a recursive algorithm for solving the Problemy,
of

_w—n_pmrcnﬂ_muﬂ:-

.Hﬂe_.a:_E..u.:bn .-_aorn_u ﬂ u..:E.S.

n“__un_:..- fur four disks and three pegs. ate the
OR

Explain Tower of Hanoi problem and write a recursiyve __._w__u..m_,._...hn

io solve 1t. O
Write an algorithm for finding solution to the To

of Hanoi problem. Explain the working of your algorithm ?____.____..armq
disks) with diagrams. - 4

Write the recursive solution for tower of Hanoi problem,

_W_E.c 2019-20, Marks s_
Answer _

Tower of Hanoi problem : Refer Q. 2.20, Page 2-20E, Unit.2.
Algorithm :
TOWER (N, BEG, AUX, EKI}) \
This procedure gives a recursive solution to the Tower of Hanoi problem for
N disks. :
1. IEN=1,then:

a. Write: BEGG — END

b. Return

|End of If structure]

2, [Move N—1 dizgk from peg BEG to peg AUX]

Call TOWER (N - 1, BEG, END, AUX)
3. Write; BEG - END b b
4. |Move N -1 disk from peg AUX to peg ENTI]

Call TOWER (N - 1, AUX, BEG, END)
5. Relurn
Time complexity :
Let the time required for n disks is Tin).
There are 2 recursive calls for n — 1 disks and one constant time operation
to move a disk from ‘from’ peg to ‘to’ peg. Let it be k.
Therefore,
Tinl=2Tin-1) + &,
70} =k, , a constant,
T(1) = 2k, + &,
T(2)=dk, + 2% i+ Ry
ﬁb:mb .:5 +.$ +k,
ﬁomanumd& om._.m = u:

m:.:n:.:%

patt
\\\Mﬁﬂ!‘hau. 1

n_a:“?ﬁ: is 0(2") or O{a") where a is 5

Il..llruF.l.lJuNJllmWM (CEAT-Sem.g)
||.|.|-|-.||.|-|-||

filH c
M:.um _nw_-_w._w.nﬁasmafi time complexity. onstant greater than 1.
. it ha= H .
S e comPLeX o eachcallisind
spac for H._Eﬁncﬂn_. SERAGIER IR mﬁm:nmnpom:h.n..nauuﬁbn Let i
m.ﬁ_:ﬁn . —..:.H.m
b the 204 recursive call 1* recursive ¢an ;
ﬂ&mﬂﬁm ﬂﬂ 1# call for 20d ¢all. Hence, S over. So, we can Teuss
ace
i
=¥
iz = 3%
M.Humﬂm.“wuna complexity is O(n).
0 ceal 1 Fig. 2. 22.1contains a schematic _:Fm:.uﬂcba:r.... .
?__,H”u for TOWER (4, A, B, C) (4 disks, 3 pegs) e L
ot TOWER(1,A,C,B)_. A . p
I.!l.lllllll.
TOWER (2, A, B, ¢) ||I..T. c e
................... -
\ e_uf.z: B.ACl..BoC
TOWER (3,84, C,B) — A B WA B

/ TOWER(1,C,B.A)...C> A
‘-.-hl.lllllh.-.l
(ER (2, C, A, ._.m.l_rrﬂlﬁflnl-wm
TOWER( H_ A C.B)
TOWER (4, &, I§, C) A=k CND N I T e
TOW _..mn : m A Ch..
ullnllllh.-.-.ll
TOWER AM B, O _.,: — B AL

i, O B

P .H.Oi.mmﬂ.. C,B A}
TOWER (3, B, A, F__ ..._ﬂ .......................................... B-+C

/ TOWER (1,A,C, B)... A+ B
\\.\.\-.l..\\

ER(Z ABC)— A=+ Ao C
9

TOWER(1,B,A,C)...B=C

Fig. 2.22.1. Recursive solution to Tower of Hanoi problem forn = 4.
Observe that the recursive solution for n = 4 disks consist of the following
15 moveg -
miu. ASC Bo5C, AsB, CoAC—B A3B A-C BC

4 C454 BC  AmB, AsC, BoC

lith
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m—..m._.."_—ﬂm ang ﬂ_.-a
Uy

Que 2.23. _ Discuss the principle of recursion, How re
- ur,

be removed ? Sion cay,
1. Recursion is implemente I through the use of function
2 A function that contains ¢ function call to itself or g m.r ¢
second function which ev 2ntually calls the first H..E.:Es_u.:c_.h. call ¢,
recursive function. 115 kngwp At
3. Twoimportant conditions must be satisfied by any récurd]
a  Fach time a function calls itself it must be n_mmmﬂ e v,:..n wﬁ:nr_o_..,
a solution. » 1 Somg Sense r..,
b. There must be a discussion criterion for stopping t),
computation. € Proceg i

Recursion removed : There are two ways 1o remove r

1. By iteration : All tail recursion funection can be ¥
method.

2. By using stack : All non-tail recursion me
using stack.

eCUrsing -
e N .
moved .wd.u ._.ﬁn__.—.qmﬂu..___.m

thod can b ﬂmaOf..mﬂ _u.v.

PART-5

Queues : Operation on Queue : Create, Add, Delete, F. ull and

Empty.

:

Que 2.24. | Discuss #..-mm—.m. 1 g

Answer

1. Queue isalinear list which has two ends, one for insertion of elements
and other for deletion of elements.
2. The first end is called ‘Rear’ and the later is called ‘Front’,
3. Elements are inserted from Rear end and deleted from Front end.
4 Queues are called First In First Out (FIFO) list, since the first element in
a queue will be the first element out of the queue.
5. The two basic operations that are possible in a queue are :
a. Insert (or add} an element to the queue (push) or Enqueue.
b. Delete (or remove) an element from a queue (pop) or Dequeue.
Example:
Suppose we have an empty queue, with 5 memory cells such as:
01 2 3 4

Front=-1

Rear=—1i.e., Empty queue.
D-m.whm..ﬂ Write the procedures for insertion, deletion =

traversal of a queue.
OR

.ﬁ_m.

. ﬂ_..u,nnnﬂn Queue, Array and Linked Implementation of Queue inC.

rtion !

Hamwlﬂ in Q (Queue, Max, Front, Rear, Element)

[ns® i« an array, Max is the maxi =
petie 18 A * mum indey of arr
“mmwwc hold the index of first and last element of ﬂnmcwwmm.qau_. and

rlement 13 value to be inserted.

; u d Hear = Max orif F
1: If Front 1 an e orif Front = Re
Step Display “Overflow™ and Return e

ipectivel] v

g: If Front = NULL [Queue is empty] i,
Step Sel Front = 1 and Rear =1 5 ]
else if Rear = N, then a b 7
Set Rear =1 e o
else : ’

Set Rear= Rear + 1
(End of if Structure] an - i
Step 3: Set Queue [Rear] = Element [This is new element]
Step4 : End
U&_mnmaﬂ H i i
pelete from Q {(Queue, Max, Front, Rear, Item)
Step 1: If Front = NULL [Queue is empty]
display “Underflow” and Return
Step2: Set ltem = @:n:a..qm.wo:ﬁ_
Step 3 : If Front = Rear [Only one element]
- Set Front = Rear and Rear = NULL

£

Else if 2
/ Front = N, then 5
k) Set Front = 1 S8l " Shes

. 8BetFront = Front +1
[End if structure]
Stepd: End ) 4
Traversal of a queue : Here queue has Front End FE and Rear End

RE. This algorithm traverse queue applying an operation PROCESS to
each element of queue -

Stepl: [Initialize counter] Set K = FE
Btep2: Repeat step 3 and 4 while K < RE
Step3: [Visit clement] Apply PROCESS to queue [K]
Step4: [Increase counter| Set K=K + 1
[End of step 2 loop]
Steps: Exit P ]




e 226 | Wt is cire
u

eleme

L

Epua_w_. on
A circular gueve is on of the queue if the last location at th
at thovery
full. Jar queve, the elements Q(0], Q(1], Q12 ... QIn-1]is TCpresentyy
Incirc :

in acircy
For exa
PUSH a

Q14

Stacks an
.um._.._..h..m.w.ﬁ.w.u d ﬂ_.scm.

ular Queue ? Write a € code g inser
an
AKTU 2022.23 Marl; T

lar queue ?

nt in circy

which the insertion of a new elemen, is b _
Tig

€ Queyg j

' in
first locati

ar fashion. : .
__Mw_qn Suppose @ is a queue array of six elements,

nd POP operation can be performed on cirtular qQueys. |
illustrate the same. o _

qtol

ix Front

i
Fig, 2.26. 1will
Qls

Rear

Front
(b} A circular queue after
popping 18, 7,

Rear
{a) A circular quene after
inserting 16,7, 42, 67.

Fig. 2.26.1.

C code to insert an element in circular queue :

void insert (} = .
e ;
ifilfront == 0 && rear == Max — 1)| | ((front == rear + 1))
h =
printfi*Queve is overflow\n");
return;
}
__bn::.ﬁ ==1) /*If queue is empty™*/ [
1
feont = 0
rear = {0
|
clse
flrear == Max—1) : G */
o ol rear is at last position of queue
else

.
L.

Data Structure

Z-27E (CSNT-Sem-3)

rear = rear + 1

printf*Input the element f, rtion :");
scanf*%d", &item); Ay

cqueue [rear| = itpm;

]

Que 2.27. | Write an algorithm to insert and delete an item from the
circular linked list,

Insertion in circular linked list :
At the beginning :

'

1. IfAVAIL = NULL then linked list is cﬂmmﬁbs and vqow
2. PTH « AVAIIL

S S L

7.
A
1.
2.

R

AVAIL « LINK{(AVAIL)
Read INFO (PTR) { T
CPT « FIRST : s
Repeat step & while LINK _Eu_,._ I= Ewmﬂ
CPT « LINK(CPT) :
LINK(PTR}+ FIRST ¢ !
FIRST «- PTH ; o
LINK(CPT)« FIRST !
STOR
tthe end £ :
IfAVAIL = —.:H_L.. .w_..m: _EWwi list is Dﬂm.w*.rﬁ._..ﬂmbn_ STOP
PTR + AVAIL
“AVAIL « LINK (AVAIL)
Read INFO (PTR)
CPT « FIRST BER
_ Repeat step 5 while LINKACPT) = FIRST:
“CPT « LINK{(CPT} i P

LINK(CI'T} «- PTR S Y
LINK (PTR)« FIRST “*
STOP

Deletion in circular linked list :

From the beginning

If FIRST = NULL then linked list is UNDERFLOW and STOP
CPT «— FIRST

Repent step 4 while LINK (CPT) != FIRST

CPT « LINK(CPT)

PTR « FIRST

FIRST « LINK(FPTR)

LINK (CPT) «- FIRST

LINK (PRT) « AVAIL

AVAIL « PTR

STOP



2-28E Anma..mmi.u”. Stacks

e

Q

:

ue2.28.| Write a C program to

|.I||..|.|-]Ir|..|.l_l|.| an d @:mgu

2 Qe

OW ang STop

rom the end .
M IfFIRST = NULL then linked list is UNDERp

2 CPT+ FIUST
4 Repeatstepd while LINK(CPT) != FIRST
4. PTR«CPT
CPT «— LINKA(CPT)
5 LINK(PTR)« FIRST
6 LINK(CPT)+ AVAIL
AVAIL — CPT
7. STOP

_...ﬂﬂuaa.w:.n.
the
t . Hn.w_m.
i ; ¥

representation of circular queue. . 2

Answer _

#include<stdioh>

#include<conio.h>
ginclude<process.h>
gdefine MAX 10

typedef struct |
int front, rear ;
int elements [NAX];

} queue; )
void ereatequeue (queue *aq) { .
aq -» front = aq ->rear = -1

] : .

int isempty (queue *aq)

i -
iflag -» front = =—1) -
return 1;
‘else’
return 0;

|
int isfull {gueue *aq} |
ii{{ag -> front = = 0) && (aq -> rear = = MAX - 1))
__ .“.m.ﬂ == front == aq - > rear + 1N
return 1;
elze
return 0;
!
void insert {queue *aq, int value) {
iffag -> front = = - 1)
ag -= front = ag -> rear =
else
aq-» rear = (aq -> rear + 1) % MAX;
aq -> element [aq -= rear| = value;

pat u..
-1 delett {queue ag) |
. jnt temp
ap =897 element [nq > front];
am_h._u > front = = aq ->rear}
”5 _» front = 8q -> Tear = =1
else front + 1) % N
i1 front = {aq -> front + 1) % 1 |

H.m—_.._..—__._. tomp:

]
vaid maint ) |
* int ch, elmt; peg
ueue q;
...n._ncmn... queue (&qg); . .
while (1H1 . N Y, !
_uﬁ..dﬂn....—. Insertion \n™); ) o
h.z._.:ﬂ:..m. Deletion An™k
ﬁﬁ.uﬁn:u. Exit vn™);
ﬂnw:_‘m:mdgq your nromnn..h. NG
seanfi*fed”, &ch); . T
switch {ch) . .
| ] P
case Lo~ -
iflisfull (&q)) . ; '
A= | )
printf (“queue is full™); .-
getchi); R
else ;

,.... i n ey - , 3

o ...uMwJ.“. printf(*Enter E.w.___p......u,?.
e scanfi“%d”, &elmt);
insert {&q, elmt);
| - .
break;
/ case 2: if (isempty (&q))
o
__..,, printfl*quene empty”);
qm_..n_,a J:
elee
{
printfl“Value deleted is % d”, delete (&q));
mjunrﬁ k
} o

break;

Z-20F (CS1 Sem.g)




]
! m to implement queue ﬁmnn_wﬂr&f

-mm.n\w...w\mﬂ\_ .__..'..-..mnb —un m_nl_uh.n.n.

E._..m...\p.m_..n——..ﬁ
: _...Eun.nn:_..._u
e de<alloc B>

h=

#incl >

inclu .
Hn__.._:aih&.s.:u

struct node
[
int info; )
B..En_,ncaa #link;
H
struct node
yoid maint }
{
elrserl K
ypid insert! 15
inteh:
while (1}

[
printfl™l. Insertin’)
printfi=2. Delete hn"h !
EFE-M.H:_.;._G_E..___ n, O\
_.:._..H.nmu._...m”u:..,.: h ) ) :
printf{“Enter your choice Ik
seanfriced”, &chl
switchich!

[
case 1 :
insert( }
break:
case 2 :

deleted )

break;

case 3 ;

display{ );

break;
case d :
exat(Q};
default;
printfi*Please enter correct choice n");

*front, “rearn

delete( ), display( )

2-31 E (CSAT-Sem-3)

Data Structure
|I|-|||IIll.|IIJIIII-|I||I.l.I| -

}
getchl %
}
void insert( )

{
struct node *ptr;
ptr = (struct pode® )Jmalloc(sizeof (struct nodel);

int item,;
printfl*[nput the clement for inserting :\n"J;
scanfl “wd” &item);
prt-> info = item;
ptr->link = NULL;
if ifront == NULL)
front = ptr;
else Ligh ;
rear->link = ptr; i
rear = ptr; £ A :
void deletel ) P T
struet nede “ptr; - A L .
if (front == NULL) } -l

fad ..._:m.cm is empty*/

[ g s
priotfi"Quene iy ..“..E.ﬁmﬂ.:ai. \n"); - :
return; < A L . A 4T
_Vif-{front == rear) { Noh
free{front); T 5"
rear = NULL; A D
ptr = frant; e
front = ptr-=link; :

free (ptr);

!

void display( )

{

struct node *ptr;

pir = [ront;

il (front == NULL)
printfl“Queue is empty \n®);

tlse

f
printfi*\n Elements in the Queue are :\n"j;



] i ciccular queve can be implemented using

circular queue operations.

arrays

..m\nﬂﬂm\l_ tion of circular queue usingagry & Refer Q. 2.23,
tatlo

Jmplemed — )

Pagc 5-28E, Umit circular gqueue:

i create e
m..._nn.:.w_:ﬂﬁ,.ﬂ:m - enQueuelint value)
voi

_ .nﬂﬂﬁ-#ﬁu rearl

Y fixe -1 __.#.mn == {front — 1)%{size - 1))
if ((fron 3

“i_u&:._ \nQueue is H..E_J“
return; |
__ ¢ if (front == _1)/* Insert First Element */ - 4K
els : .

|

front =rear=0;

arrlrear} = valug;

“Hn if rear == size=1 & & front 1=}

{
rear=0; "
arrlrear] = value;
}

else

|

Hﬂm:++_.

arr[rear] = value;
}

)

Function to delete element from circular queue :
int Queuwe :: deQueve(}
1
if (front == -1)
{
printf*\nGueue is Empty”);
return INT _MIN;

[nsertion ——p=
Deletion +——

Data Structure

— 2-33E (CSAT-Sem-3)
| it

int data = arr[front|;
arrifront] = - 1;

if (front == rear)

{

front =-1;

rear =-1;

)

else if (front == size - 1)

front =0,
n?n
front++; ot

return dato; £,

!

PART-7

Dequeue and Priority Queue. wiiGH

e

Que 2.31. _ Explain dequeue .E:.F m.e.__ types.

Answer _ .

In a dequeue, both insertion and deletion operations are performed at
cither end of the queues. That is, we can insert an element from the
rear end or the front end. Also deletion is possible from either end.

Front Rear 3/
L ¥ v
‘ ‘ 5 ‘ ..\llll_—ﬁn._.n_.u:

—™ Deletion
Fig. u.um._...mun:w?am of a dequeue.

This dequeue can be used both as a stack and 4s a queue.
There are various ways by which this dequeue can be represented. The
most common wiays of representing this type of degueue are

Using a doubly linked list
Using a eircular array

Types of dequeue:

1.

2

[nput-restricted dequeuc : In input-restricted dequeue, element can
be added at only one end but we can delete the element from both ends.
Output-restricted dequeue : An output-restricted dequeue is a

dequeue where deletions take place at enly one end but allows insertion

at both ends.



mEﬁ_EpE_ Quey gy

llllllll.

ym-3)
m__m.m..mru._
E(C Hear
Front ¥

2-}4

=—— lnsertjg,

— D a
_ clat
otion 4= ion,

b {a) _n_E__..EmEam.._ dequeue
Front m__..h_u
¥
Inaection . _ ’ Insertign

Deletion (b} Output- redtricted dequeue

Fig. 2.31.2.

Que 292 What do you mean by priority quoue ? Describe iy
ue 2.32.

b—u“—u.._mn__.__..:u:m.

Tmewer |

A priority queue is a data structure in which cach element has been
4 .v.:ﬂ& 4 value called the priority of the clement and an element gan
”m“wm.ﬁﬁn or deleted not only at the ends but at any position on the
M_fznmmms. gueueisa colleetion of elements such that each element hasbeen
i ﬁ.ﬂ_,.ﬁ_ an cxplicit or implicit prionity and such that the erder in which
:ﬂ..q”..,:ﬁ are delcted and processed comes from the following rules :
M An clement of higher priority is processed before any element of
: |ower priority, o .
b Twao ....WBH.:E with the same priority are processed o the order in
~ which they were inserted to the queue.
lications of priority queuse ! . : o, .
.Ho._...w.;g typical example of pri ority gqueue is mﬁ&mn:__:.m &E .EE in eu.eﬂnmsn
. uu_.mg.a. Typically operating system allocates priotity to E_um.. The jobs
are placed in the queue and paosition 1 of the job in priority queve
determines their priority. - )
2 In network communication, Lo mWAnage limited bandwidth for
transmission, the priority queue is used. . o
3. In simulation modelling, to manage the discrete evenls the priority
queus is used.

ﬂ._..—a 949 ﬂ Discuss array and ”—E—nmﬁ- -..w.—:.ﬂ.w_ﬁu__._.m—ﬁ on of n-_.—m-__o data
[ARTU 2019.20, Marks 19

structure, What is dequeue 7

Answer —

Array representation of queue :
Algorithm to insert any element in aqueue :

Data Structure

-1 ECS/IT-Sem-3)

Step L: 1T REAR = o
Write Gverflow HAXR
Gu lo step 4, [End of if)
Step2:HFRONT=-14
Set FRONT = REAR =
clse

Set REAR = _n._._”_}_—ﬁ +11End ol if]

Step 3 : Set QUEUEIREAR] = NUM

Step 4 Exit

Linked reproseniation of queue ;
Algorithm Lo insert an element in gueue ;

Step 1 : Allocate the space for the new node PTH.
Step 2 Sel I'TR —+ DATA = VAL

Step 3: [TFRONT = NULL

Sot FRONT = REAR = PTR

Sot FRONT —» NEXT = REAR —» NEXT = NULL
else

Set HEAR —» NEXT = PTR

Set REAR = PTR

Set REAR — NEXT = NULL [End of if]

Step 4 : Exit

nd —.ﬁ—.“?x ==1

Algorithm for deletion of an element from queue :

Step L: I FRONT = NULL

Write Underflow

Go ta Step 5 |End ofif]

Step 2 :Sel PTH = FRONT

Step 3:Sel FRONT = FRONT —» NEXT
Step 4 :Free PTR

Step 5: End

Degueue : Refer Q. 2,31, Page 2-33E, Unit-2.

e
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Searching and Sorting
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.mmn__i:ah ﬁ....znnhu u__q mmn_,n?:.m.. h&nmﬂm&_ mmn_ir Index
Sequential Search, Binary Search.

Que 3.1. ﬂ What do you mean by searching 7 Explain.

_. Searching is the process of finding the lecation of given nHmEeE in the
linear array.

2 The search is said Lo be successful if the & ven element is found, i.e., the

clement does exists in the array; atherwise unsuccessul,

There arce two searching techniques :

a. Linear search(sequential) b. - Binary search

4. The algorithm which we chovsce'depends on organization of the array

elements.

Ifthe elements are in random order, then we have to use linear search

technique, and ifthe array elements are sorted, then it is preferable to

use binary search.

Que 3.2, _ Write a short note vn sequential search and index

sequential search, .

Answer ~ :

Sequential search :

1. Insequential {ur linear} search, each element of an array is read one-
by-one sequentially and it is compared with the desired element. A
search will be unsuccessful if all the a"mEmn_.,m are read and the desired
element is found, .

2. Linear search is the least ..,v?n_«jﬂ search technigue among other search
techniques.

3. Ttisused when the records are .,E:.n without considering the order or
when the storage medium lacks the direct access facility.

4. Itisthe simplest way for finding an element in a lise.

6. It scarches the elements sequentially in a List, no matter whether list is
sorted or unsorted.

a.  Incascof sorted list in ascending order, the search is started from
lst element and continued until desired element is found or the
element whose value is greater than the value being searched.

b, Incase of sorted list in descending order, the search is started from

15t element and continued until the desired element is found or the
element whose value is smaller than the value being searched.

¢. I the list is unsorted searching started from lst location and
continued until the element is found or the end of the list is reached.

L

=}
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Data Structure

g mn._:caanMMﬁWanw. an index file is created, that contajng Somg

b 80 5__._2 mﬁ.w__._nua division of required umn.c_.p_. once an index is oblaigy
wﬁﬂpmwwqmﬁ_“;_ searching of element 18 done which is locateq o m
specified group.

2. wﬁuﬁ_ﬁrﬁ sequential
array.

3 Each elemen

her expanded index. . . |
4 ”._”H_._m”m Fﬂ.w.ﬂ i« searched that guides the scarch in the array,

5. Indexed sequential search does the indexing multiple times like creating
' » index of an index. _ e
”.H_w“” the user makes a request for specific records it will find that index
. here that specific record is recorded,

search, a sarted index is set aside in addition 14 the

t in the index points to a block of elements in the array o

group firstw
Ul:ﬂ Write down algorithm for linear/sequentinl seprch

technigue. Give its analysis.

Answer _

LINEAR(DATA, N, ITEM, LOC) . . .
Here DATAis 2 :UME. array with N elements, and ITEM is a given item of

information. This algorithm finds the location LOCof ITEM in DATA, or sets
LOC := 0if the search is unsuccessiul.
L [Insert ITEM at the end of DATA] Set DATAIN + 1] :=ITEM
9. [Initiunlize counter] Set LOC:= 1
3. [Search for ITEM|

Repeat while DATAILOC| # ITEM

Set LOC :=LOC + 1

[End of Toop]
4 [Successfl?) IFLOC =N+ L, then: Set LOC =0
5 Ex
Analysis of linear search :
Best case : Element oceur at first position. Time complexity is O(1).
Worst case : Element occur at last position. Time complexity is Ofn).

Que 3.4.

Write down the complexity of algorithm.

Answer _

Binary search (4, n, item, loc)
Let A is an array of ‘2’ number of items, item is value to be searched.
L mmp;uamn 0,8et:end=n -1, Set : mid = (beg + end}/ 2
2. While ({beg < end) and (a [mid] != item))
3. Tftitem < a[mid])
then Set:end = mid — 1
else

Write down the algorithm of binary search technigue.

:

e AT e T ey e BN e

e e e S
e
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Set - beg = mid + 1
endif
4. Set:mid=(beg+end) /2
endwhile
5. If{beg > end) then
Got:loc= -1 /f/element not found
else
Set s loc = mid
endif
6.  Exit

>.==_u_im.._ of binary search :
The complexity of binary search is Ollog, ).

Que 3.5. _ Differentiate between liner and binary search ulgorithm.
Write a recursive function to implement binary search.

| AKTU 2021-22, Marks 10]

Difference:

5. Z.c.‘ Sequential (linear) search H.,"HBPQ. search

1. No elementary condition ce., Elcmentary condition f.e.,
_ array van be surted or unsorted. | array should be soried.
2 It takes long time to search an _ It tukes less time to search an

element.

ﬁ element,

32 | Complexity is Oin). Complexity is Otlog, n).

4. It searches data Linearly. It is based on divide and
conquer method.
5. Also culled sequential search, Also called halfinterval search
and legarithmic search.
|m_ Less complex. More complex.
— 7. Less efficient. More efficient,

Funection :

Binary search (4, n, item, loc)

Let A isan array of 'n’ number of items, item is value to be searched.
Set:beg =0,8¢t:end=n -1, Set : mid =(beg + end) / 2

While ((beg < end) und (o [mid] = item))

If (item < almid])

then Set ; end = mid - 1

else

R




ture
LS — Semy,
Set :beg =mid + 1

mbnr.m.
4. Set! mid
Wﬂ&EE_m

> end) then
5 If Enw% ~_1 //element not found

= (bcg +end}/2

Set:
else )
Set : loc = mid
endif
6. Hxit
Que 3.6. _ How binary search is different from linear .
- s ‘ar M
Apply binary search to find item 40 in the sorted array: 11,
ﬁ%ﬂ. 55,60, 66, 77, B0, 88, 99. Also discuss the complexity ”w._m”,wg.
. ary
cm AKTU 2019-20, Maria g

Answer _

Difference : Refer Q. 3.5, Page 34E, Unit-3.
Numerical : b
Given sorted array :

0 1 2 3 4 =5 G 7 8 4 10

Al 1122 30| 33 | 40 | 44 | 65| 60 | 66| 70 | BO mm 99

To search element 40

beg =10, end = 12
mid=(0+12V2 =6

almid] = a[6] = 55 = 40 (Falsc)
40 < alf]

end=6_-1=5

Now, beg =0end =5

mid = (0 + 5)/2= [25] =2
almid| = a[2] = 30 # 40 (False)
40 > a]2|

gﬂ =2+ 1= 3

Now. beg =3, end = 5

mid = (3+51/2=4

almid] = gl4] = = 40
i) True)

S0, element 40§
na—:u_mﬁﬂw of

Que3s. |w

S Present at location 4. -3
binary search : Refer Q. 3.4, Page 3-3E, Yot

ri . F
1te a C program for index sequential search.

AKTU 2020-21, Marks 10
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‘Answer
#include <stdio.h>
#include <stdlib.h>
void indexedScquentialSearchiint arrll, int n, int k)
" int elements(20], indices[20], temp, i, set =,
intj=0,ind = 0, start, end;
forii=0;icn i+=31
{f Storing element
elementalind] = arr(i];
{/ Storing the index
indices[ind] =1; .
ind++; . )
]
if (k < elements[0]) [ )
printfi"Not found™); .
exit{0);
]
else | .
for (i =1;i <= ind; i++)
if (k <="elements[il} {
start = indices[i- 1];
end = indices(il;
set=1;
break;

if (set ==00 |
atart = indices[i - 11;
end = n: =
'
for (i = start; i <= end; i++) {
iftk == arrlil) {
i= g
break;

)
if(j==1)
print{"Found at index %d", i)
else
print{l"Nat found”),
!
{ Driver code
void main()
{
intarell =16, 7,.8,9 10);
intn = sizeoflarr) / sizeoflare(0]);
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// Element to search

int k=8
indexedSe

]
PART-2 .

hr_.am..;am.n:&h.&._ﬁ.,_.mmgmamn_._.ar.ozu.m....}:..”_g
Coecph of in Hashing. T4y Used,

quentialSearch(arr, n, k);

Que 3.8, | What do you mean by hashing ?

Quess. |

Hashing is a technique that is used Lo uniquely identify a specific obie
from agroup of similar ohjects. Ject
Hashing is the transformation of a string of characters intg il

shorter fixed-length valuc or key that represents the origing] strig Y
In hashing, large keys are converted into small keys by using Em_.p

—

)

functions.
The values are then stored in a data structure called hash tab]g,

5. The tusk of hashing is to distribute entries (key/value pairs) uniformly
{CTOs5 an array.
6. Eachelement is assigned a key (converted key). By using that key we

can aceess the element in O(1) time.
7. Using the key, the nlgorithm (hash function) camputes an index that

suggests where an entry can be found or inserted.

B.  Hashing is used to index and retrieve items in a database becauseit is
faster to find the item using the shorier hashed key than to find it
using the original value.

9. The element is stored in the hash table where it can be quickly retrieved
using hashed key which is defined by

Hash Key = Key Value % Number of Slots in the Table

Que 3.9. _ Discuss types of hash functiens.
Answer _

._,Sunm.cw hash functions ;
a. Division method :
L
m_.__u__..,oam.w a %E_x.w m larger than the number n of key in K. (The
nber m is usually chosen to be g prime number or a number

without small diy; : : e
of collisions. ) divisors, since this frequently minimizes the number

2. The hash function ¥ is defined by :

Hik) = b (moq
3. He ! odm) or H{k)=k(mod m)+ 1
re k {mod m) denoteg the remainder when & is divided by m-

2 8 E (CS/1T-Sem-3) Searching and Sorting
The second formula is used when we want the hash addresses to
range from 1 to m rather than from 0 tom — 1.

Example : Suppose you r.&__.u.m hash table with 10 slots, and you
want to hash the key “42" using the division method. Here’s the

4.

calculation :
HashValue = Key % TableSize
HashValue = 42 % 10

HashValue = 2 /
The key “42" is mapped to slot 2 in the hash table.

b. Midsquare methoed: |
1. The key & is squared, . & .
9 The hash function f is defined _u..q : Hiky=1:" &

where 7 is obtained by deleting digits from both end of k2,

3. We emphasize that the same positions of k2 must be used for all of

the keys. &
Example : Let's say you have akey “12345,” and you want to hash

it using the midsquare method. Zm...n..m the process:

Step 1: Squarc the key :

Sguare = (12345)2 = 152,399,025

Step 2 : Extract a portion from the middle {e.g., digits 3, 4, and 5):

HashValue = 399 ;
The key “12345” is mapped to slot 399 in the hash m.n_uﬂ.n“. ;

¢. Folding method : ) : ;
1. The key 4 is partitioned into a number of parts, &,, .... ; &, where
each part, except possibly the last, has the same number of digits as
_‘the required address. ..
2" Then the parts are added together, ignoring the last carryi.e.,
: Hikv=k +hy+ .+ k :
% where the leading-digit carries, if any, are ignored.

4. Nowtruneate the address upto the digit based on the size of hash tahle,
Example : Consider a key “128458789" and a hash table with 10
slots. Applying the fulding method -

Step 1 : Ihvide the key into equal-sized parts (e.g., two digits each) :
Parts: 12,34, 56, 78, 9 i

Step 2 : Sum these parts together :

Sum = 12 + 34 + 56 + 78 + 9 = 189

Step 3 : Compute the hash value by taking the remainder when
dividing by 10 (size of the hash table) :

HashValue = 189 % 10=9

Thus, the key “123456789” is mapped to slot 9in the hash table.

Que 3.10. | What is hashing ? Give the characteristics of hash
function. Explain collision resolution technique in hashing.

| AKTU 2019-20, Marks 10}
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ata Structur® Sem. g
PData  » Explain division method to computy )]
what i8 Hashing ..wuﬂ_nru the collision resolution Strateg) he hag,
function and als® ©8 ugeq in
hashing: .EEEE

3.

4

Collision !

1

2.

Collision r¢
Hashing wit

1.
2

o w

Hashing with separate chaining @

1

2
3.
4

5.

* Refer Q. 3.8, Page 37E, Unit-3

Hashing = M f hash function :

ue is fully determined by the data being hasheq

i .es all the input data. '
hash function Use e ‘
%M hash function “uniformly distributes the data AET055 tha epy; .

ible hash values. . £
mm.w n_m.ﬁ.nu.mmH u . g VOT n_hm.mﬂWJ—n hash
The hash function generates very ash values for Simily,

strings.

The hash val

tuation which oecur when we want to add a new TECOrd R v
: but the memory location address Fik) i1s already .m,._._Ep
more than one keys map to same hag

4

ollisionisas
_ﬁ_...L“.,w__hwm to our fille F
A collision oceurs when
the hash table. g .
solution technique :
h open addressing : . [
T open addressing, all elements are stored in the hash tabe ivgg)y
While searching for an m_maczr we _,.w..w:_.:ﬁ:_n::w examine Ezm&f
until the desired element is found or it is clear that _._..m.m_\uEmmm.WuE 4
the ﬂ..m_h.u_n_oun.: addressing, the load factor A can never mx.nmmm,uv
ww_.ﬂamm of examining the _cn.,i.mumm in En.FE.& table is called pr cbing
Following are technigues of collision H.mmc_..._.:_au by open addressing:

._.- _r.ﬂ._...__m __E

a. Linear un:_um_m._m.
b. Quadratic probing
c. - Double hashing

This method maintains the chain of elements which have same hash

address. st . J
We can take the hash table as an array of _ﬂc_bﬂm_,u.

Size of hash table can be number of records. :
Here each pointer will point to one linked List and ﬁwm mn___mpﬂwsﬁm which
have same hash address will be maintained in the __n_, e & n_.mnﬁu.m&.
We can maintain the linked list in sorted order and ca !

i i . i o . " — —ﬁa r..
linked list will contain the whole record wit Hi...“ﬂm ki Salan theoneh

For inserting one element, first we have to g et wil
hash function which will map in the hash table, then that element ¥ ..
be inserted in the linked list. in hash
g + has yalueinba
Searching a key is also same, first we will get the rbﬂ_ﬂ—wmﬂ.m element 12

table through hash function, then we will sear
corresponding linked list.

3-10 E (C8/1T-Sem-3) Searching and Sorting

8. Deletion of a key contains firet search operation then same as delete
operation of linked list.

‘Que 8.11.'| Write short notes on garbage collection.
[l EEe

‘Answer -

H When some memory space becomes reusable due to the delation of a
node from a list or due to deletion of entire list from a program then we
wanl the space to be available for future use.

2 Onpe method to do thisisto immediately reinsert the space into the free-
storage list, Thisis implemented in :E linked List. .

3. This method may be too time consuming for the operating system of a
compulter. :

4. Inanother method, the operating system of a computer may periodically

collect all the deleted space onto the free storage list. This type of

technigue is called garbage cellection.

Garhage collection usually takes place in two steps. First the computer

runs through all lists, tagying those cells which are currently in use and

then the computer runs through the memory, colleeting all untagged

space onto the free storage list.

6. The garbage collectiop may take place when there is only some
minimum amoeunt of gpace or no space at all left inthe free storage list
+r when the CPLJ is idle and has time to do the collection.

Que 3.12. _ Explain any three commonly used hash function with

the suitable example 7 A has function H defined as Hikey) = key %2 7,
with linear probing, is used to insert the key 37, 38, 72, 44, 11, 66 into
a table indexed from 0 to 6. What will be the location of key 11 7
Justify your answer, also count the total number of collisions in

- | AKTU 2020-21, Marks 10 |

=L

this probing. -

Answer . u <3 4
Hash function ;: Refer Q. 3.9, Page 3-TE, Unit-3,
Numerical ; )
Hash function = f (key) = key mod 7
Inscrtion order = 37, 38, 72, 48, 98, 11, 66
Insert 37 : 37 mod 7=2
Insert 38: 38 mod 7= 3
Insert 72 : T2 mod 7 = 2, but already occupied, so after linear probing it
would oceupy index 4.
Insert 48: 48 mod 7= 6
Insert98: 98 mod 7=10
Insert 11: 11 med 7 = 4, but already occupied, after linear probing it
would get into index 5.
Insert 66 : 66 mod 7 = 3, but already occupied, after linear probing it
would get into index 1.
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V) -
3-38 ji. Difference:
.m H MM Aspect Linear Probing Quadratic Probing -
0-98 Method Cunstant’ step size | Quadratic formula.
. Location of key HHH b . {usually 1) .
mc_..m_ number of collisions is 3. Uniform Prone to ¢clustering. Better distribution,
\\- : distribution reduced clustering.
Que 3.13- . : . ; : ing. Reducing clusteri

. The keys 12,17, 13 2, 5,43, 5 and mm are inserted into an i Primary Quick slot finding educing clustering.

& empty hash table of length 15 using open addressing with —“mE_. cancern | — — ——
function hik) = k mod 10 and linear probing. What is the resul ash Performance | May degrade with high | More resilient in high-
hash table ? tant collisions. collision scenarios.

ii. Differentiate between linear and quadratic probing technigyeg Complexity | Simpler to implement. | Slightly more complex

ﬂ AKTU 2021.22, Marlks n LIII.- 1.|r1n manageable.

i mmw.m"E.S.E.mimlu.m;.m.... A IE

k) :k mod 19 ek Sorting - Insertion Sort, Selection Sort, Bubble Sort.
Step 1: Finding hik} of cach keys as

h(12) = 12 Enm Hw & w Que m.—ﬁ.._ Write a short note on insertion sort.
ki17) =17 mod 10 = ;
A(13) =13 mod 10=3

Answer _
h(2Y=2 meod 10=2 : .

i 1. Ininsertion sort, we pick up a particulur value and then insert it at the
h(5) =5 mod 10 =5 . _. : appropriate place in the sorted sublist, i.e., during 2" iteration the
h(43) = 43 mod 10 =3 element alk] is inserted inits proper place in the sorted sub-array alll,
hi5) =5 mod10=5 al2], al3] ....alk -1l
h(15) = 15 mod 10 =5 W 2. This task is accamplished by comparing al#] with alk - 11, alk — 2],
Step 2 : Inserting keys into hash table of length 156 glk - 3] and so on until the first element afj] such that a[j] < al#] is
0 found.
1 3.  Then cach of the clements alk — 1], alk— 2], alf + 1] are moved one position
2 1 up and then clement alk] isinserted in [/ + 117 position in the array.
5 T Insertion-Sort (4) :
i 1, forj« 2ZtolengthlA]
5 1T w m: key w Alil /*Insert A[j] into the sorted sequence A[L..j—11.%/
S
w 4,  while i > 0 and Ali] > key
" 5 ¢ dodll +1] « Alil
9 6. fe—i-1
s 7. Al + 1] « key )
1 Analysis of insertion sort :
12 Complexity of best case is Q(n)
13 Complexity of average case is Qind)
14

Complexity of worst case is O(n?)
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note on selection sort,

Write a short

"mumﬁ.m&% sort we repeatedly find the next largest (or smgoqy)

1L | the array an d move it to its final posilion in the sorteq mﬂmv.m emep,

; qu begin by selecting the largest element and moving it 6 "r.._._u,

, index _Sm;mam. i he element at the hi .

We can do this by swapping the ¢ © Mghestindex gy
, B

arpedt element. ~ . ;
4 W.ﬂ.m:ﬁ: reduce the effective size of the array by

"o

repeat the process on the smaller sub-array. . R ..w_.mEaE, and

5 The process stops when the effective size of the array becomeg :
) arrayof 1 element is already sorted),

Selection-Sort (A} :
n 4 length[Al
for j « ._Eziﬁ.

smallest

fori+j+-lton |

if A [{] < Alsmallest]

then smallest «(

7. exchange(A[], Alsmallest])
Analysis of selection sort : = . - Syl
Complexity of best case is O(n?).
Jomplexity of average case is O(n?).
Complexity of worst case is Otn?).

Que 3.16. _ Discuss bubble sort.

/Answer

Bubble sort is the simplest sorting algorithm thatworks by repeatedly

swapping the adjacent element if they are in wrong order,

Bubble sort procedure is based on following idea :

a Suppose ifthe array contains n elements, then (n — 1) iterations are
required to sort this array.

b.  The set ofitems in the array are scanned again and again and if any
two adjacent items are found to be out of order, they are reversed.

€. At the end of the first iteration, the lowest value is placed in the

(an

e

=5

L

first position.
d. Atthe end of the second iteration, the next lowest value is placedip
the second position and so on, |
thod

3. Itisvery efficient in large sorting jobs. For n data items, this me

requires a(n — 142 comparis
Bubble-sort (4) ; S

L forie 1to length [A]
2 for j + length[A] down toi+1

3 14E (CS/IT-Sem-3) Searching and Sorting

3. Al <Al=1 )

4. exchangelA[J], Alf = 1)
Analysis of bubble sort :
Complexily of best case is (n).
Complexity of worst case is _.D..an_..
Complexity of average case 18 Oin?).

Que 3.17. _ Write algorithms of insertion sort. Implement the same
on the following numbers; also calculate its time complexity. 13, 16,

| AKTU 2021-22, Marks 10|

10,11,4,12,6,7.

‘Answer AL
Insertion sort : Refer Q. 3.14, Page 3-12E, Unit-3,
Numerical : 13, 16,10, 11,4, 12,6, 7 i

0o 1.2"3 4.5 6 7T

muaT_m_E_t:_E_ 6]7

n=28 ; ;
Finding the sorted sublist and unsorted sublist
01 2 35 4886 T
[13] 16 [1o]1a]s]r2]6] 7]
b k )
Sorted Unsorted sublist
sublist

_to...zéﬁ.iﬁ_EE:_.EE ._ .
CA[2) < All] and A[2] < A[0] N _
Sort AI2] we get array
0ind.2 3 4 5 6 7 :
[1o[13[36] [mafaTaz[6 7] -
Compare A[3) with A[2], A[1] E..n_ba.m
Aldl < A2] X
Al3] < Al1)
£ Noinsertion
But A[3] > A]0] So, insert A(3] and array will be

0 1 2 3 4 & 6 7
[1of1i]af16] [a]12[6T7]
Comparing A[4]
Al4] < A[3]
Al4] < Al2)
Ald]l < A[1)
Ald] < A[0)

A
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So, array will be
i 1 2.4 4 5 6 7

L4 [10]11]18T16] 12| 6 7]
Compare Al5] < A[4] but A[5] > Al2]
So, Array will be

0 1 2 3 4 5 6 7

Lalwo]un]12]1s]se] [6]7]
Compare A[6] < A[5]
AlB] < A[4)
Al6] < A3 N o
Al6l < A[2) >
AlB) < A1) ;
But A[6] > A[D)

So, Array will be

0 1 2 3 4 5 8 7
L4610 n]12]13T18] H
Similarly comparing A[7)

Al7l = A1}

So, Array will be
L4 6] 7 Jw]n]r2]1a]ws)
Complexity : O(N?)

Quick Sort,

Que 3.18. F Explain and give quick sort alporithm. Determine its
complexity.

Answer ; »

Quick sort is a sorting algorithm that also uses the idea of divide and
conquer.

=

2. ‘This algorithm finds the elements, called pivot, that partitionsthe a2y

into two halves in such a way that the elements inthe _nwmn_u.ﬂ_w“ﬂ
less than and the clements in the right sub-array are greater
itioni lement. : i
3. m.ﬂﬂh:ﬂwu% Ms.o sub-arrays are sorted separately. This procecil®’
recursive in nature with the base eriteria.
Algorithm :
QUICK (A, N, BEG,END,LOC):

Q_ﬁmm.m
1. [Initialize] Set LEFT := BEG, 'RIGHT := END and LO

3-16E Hnmb.n_.mua-u".

2

3.

Searching and Sorting

[Scan from RIGHT to _.._n.m.u,_
g, Repeat while 4 [LOC] =
" RIGHT := RIGHT - 1
(End of Loop]
b. If LOC= RIGHT, then : Return
If A [LOC) > A [RIGHT], ¢ then : ¥
i [Interchange A [LOC] and A [RIG q..__
TEMP := 4 [LOC), A [1.OC] := A [RIGHTI,
A [RIGHT] = TEMP
i, SetLOC:= RIGHT
jii, Cwotostepd
|End cmm?:nnpmﬂw_ N2
m LEFT to RIGE
Wn&ﬁhﬂ&pﬁr:nh ILEFT] s A [LOC] H.H._.u._.&m._..
LEFT:=LEFT + 1 N
[End of Loopl
b. IfL.OC=LEFT, then: _ _.?HE.P
e IfA [LEFT] = A |LOC], then
i ﬁ:ﬂ_mwnr&ﬁp A [LEFT] and A [LOC])
TEMP := A [LOC], A [LOC) := A [LEFT],
A [LEFT]:= TEMP
ii. SetLOC:=LEFT
iii. Gotostep2
|End of il structure}

A [RIGHT! and LOC « RIGHT

e

a L

"

Quick sort : This algorithm sorts an E._.H_.__Cn dﬂrr N mhmuumnnm.

1L
2

HE

8.

[Initialize] Top:= NULL

[PUSH boundary values of A onto stack when A has 2 or more m_mEmnﬂm_

IfN'> 1, then : TOP := TOP + 1, LOWER {1] := 1, UPPER [1] :=
Repeat steps 4 to 7 while TOP 2 ZC_..H.. :

[POP sublist from stacks]

Set BEG := LOWER ITGPL, 1?0 Cuum_mumw [TOFP],

TOFP = TOP -1

Call Quick (A, N, BEG, END, LOC)

(PUSH left sublist onto stack w
IfBEG < LOC —1 then -

TOP :=TOP + 1, LOWER [TOP] := REG,
UPPER [TOF] =LOC - |
[End of if structure]
[PUSH right sublist ontao
_:;HCO +1 < END, then -
TOP:=TOP + 1, LOWER =

UPPER [TOP] 1o Bitn ITOP] :=LOC + 1
IEND of if structure]

[END of step 3 loop]

Exit

hen it has 2 or more elements]

stack when it has 2 or more elements]

Analysis of quick sort ;
Complexity of worst case is O(n?).
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y of best case is Oin log n).

it
Complext f average case is O(n log n).

Complexity ¢

Que 3.19- _ Trace your algorithm on the nc_._cs.mnw dais
list : 25,57, 48,37, 12, 92,86, 33. How the choice of pivot ) to Som oy

the efficiency of algorithm. = Eanrnn_aa.
Why is quick sort named as quick ? Show the Steps of e
?=w,ﬂm=nm2 of elements : 25, 57, 48,37, 12, 92,86 a3 Quick waﬂoazr

Assume the first element of the list to be the Pivot ol
- Semen,
AKTU nw;.mo.. Em.u_.r.,&_..w

Answer _ i e

Quick sort named as Quick because :

_.:s.aw__..md..ma.:_ﬁm:Eam,ﬁumnﬂmnm_nﬁmmimrmaa SEH.
log n) in average case. Pexity ofgy,

2. It does not need much extra memory i.e., can be imp) %3
without time overheads. : s Plemented 10-plage
Numerical : _ 3
2 LYe” 3 4 5 ¢ '

r 7 B _.I.W\A.:._
[25]57 4837 12 _S@“.AW

Herep=1,r=8

= All]=25,i=p-1=0,j/=1107"
Now, J=landi=0 ; G o
oAn=25
then . 3 -.uc+.._|l.“__.mb&h:_av~mﬁ
Now,. J=2andi=1 :
Al2] = 57 § 25 (False)
j=3 i=1.__
Al[3] = 48 4§ 25 (False)
j=& i=1
Al4] = 37 4 25 (False)
i=5 i=1
A[5] = 12 < 25 (True)
i=1+1=2
Exchange A2 o Al5]

12 34 56 7 3
(25122437 57 [ 2 [me 53| :

nﬁ,”mmﬁ.ﬂhum

Le.,
Now,

3-18 E (CSAT-Sem-3) Searching and Sorting

Al =924 25
J=Tandi=2

Al7l =86 <25

Al2] « All]

Exchange,
g 3 4 5 6 7 8

ie., _._Pium_%_mimiwimm_u&
g=2

Sorted array using quick sort 1
1

2 3 4 ¢ 7.-8
A= _u_mimimq_nm?:mﬂ_mu_,_t

Quicksort (4, 1, 8) .
12, 25, 48, 37, 57, 92, 86, 33

4 R Y
Quicksort 4, 1, D | . [~ Quicksort (4,3, 8)
| 48, 37, 57, 92, 86, 33

12 33,37, 57, 92, 86, 48
i 3 =

‘[ Quicksert (A, 4, 5)

37, 57, 92, 86, 48

> Quicksort (4,3, 8
57,92, 86,
Y op 48, 92, 86,

‘Quicksort (A, 6, 8)
=5 92, 86, 57
57, 86, 92

~

Quicksort (4, 7, B)
86, 92

™~

Quicksert (4, 8, 8)
932

45
.3
a7

‘Fig.3.19.1..
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|||||I|||l|||||||lll|||ll . ;
" t affects the efficiency of alggy
hoice of pivot elemen officic rithm |
Mron.ﬂm the last or first element c.*. an array s pivot element thep, it wmé_u_. we
_s.oum.ﬁ case scenario with Oin?) time na.HEmu:ua. If we choosp the Eam. tsin
pivot element then it divides the array i ,_._5_ two :mr‘m...m Cvery time and «:5 -
in best or average case sCenano with time complexily O Tognf o esuly

efficiency of quick sort algorithm depends on the choice of pivot m_m_.__”mmm.w_..a

Que 3.20. | Write an algorithm for Quick sort. Us, Quick 4
. ort
algorithm to sort the following elements: 2, 8,7, 1, 3,5,6,4

Answer _

Quick sort : Refer Q. 3.18, Page 3-15E, Unit-3.
Numerical : )

2345 67Ts

_m_m_q_u_m_m m_n_

b -

=Alrl=A[8] = 4

=11=0:

=to7 . g

Alll s 4 : Y 4
i=tl=0+1 ;

. A2l = 8 ¢ 4False
A[3] = 7 ¢ 4 False
Al4]l = 1 <4 True g

5l E=j+1=1+1=2apd A[2] > Al4]

12-3°4°5 6 78 - =~ =

CLTBL[sl -

! ]

.,

for

e M
n
—

i

u

b P

i

Al5) < 4 True
t=2+1=3and A[3] & A[5]
1 23456978

(2T Ts e[ 75 4]
i

g=i+1=3+1=4
¢ = 4 (pivot element)

Quick sort (4, 1, 3)
P2 Ty

[2[: ]3]

X

x=Alrl =A[3] =3
i=p~1=¢
J=1t02

3-20 E (CS/AT-Sem-3)
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All] £ 3 True
i=D+1=1

A2l <3

{ = and and Al1] & Al2]

[1T=]3]
QA 4, 8)
Pp 2 3 4 5

[6]7]5]6]+]
X
x=Alrl = Al5] =4
i=0
i= 1tod
A[l] ¢ 4 False X
A[2] ¢ 4 False e
Al3] ¢ 4 False e
Ald] ¢ 4 False

[+]s]7]5]6]

q :
Quick sort (A, 4, 4)

> S

Quick mg.l (A, 5, 8)

U x=AFl=AB =6
© j=5ta7
AlB] ¢ 6 False
Al6] ¢ 6 False
e Al7] <6 False
t=i+l1=5and A(5] & F
95 6 7 8
[s]sT7Te]
 g=4+1=5
Recursively until we get the sorted array

[s[6T7]s]

Final sorted array

A e T o e e e e
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Que 3.21. _ Describe merge sort method. Explain the complexitieg
of merge sort method.

Answer _

Merge sort : £
a. Merye sortis asorting algorithm that uses the m.nmm.c».&e_.mp_a and conguer,
b. Thisalgorithm divides the array into two halves, sorts them separately
and then merges them. T
¢. This procedure is recursive, with the base criteria that the number of
elements in the array is not more than 1.
#E_ﬂﬁm;m.umn,ﬂ (a,p,r):
1 if p<r Pt e,
2 theng«lp+ry2] 5~ =
3. MERGE-SORT (4, p. q)
4
o

MERGE-SORT (A, g+ 1, r)
. MERGE({A,p,q,r) ¢
MERGE (A, p, g 1) :
L m=q-p+ 1
2. . n,=r—g o=
3. Createarrays L [1......... ny+1land 5

4 fori=1ton, e
“_do y
Lil=A[p+i-1]
endfor
5 forj=1ton, .
do e
RUl=Alg +41
endfor
6. Lin +1] =w, R, +1] ==
i=1j=1
fork=ptor
do
if Ll =R
then Alkl « Lli]
i=t+1
else Al =R[]
J=j+1

i

endif

—_—

3.22 E (CS/T-Sem-3) Searching and Sorting
e
endfor
9. exit
Complexity of merge gort al7orithm ;
Lel fin) denote the number of comparisons needed to sort an
n-element array A using the merge sort algorithm,

L

The algorithm requires at most log n passes,
Moreover, each pass merges a total of # elements, and by the discussion

on the complexity of merging, each pass will require at most »

CompAarisons.,

4. Accordingly, for both the waorst case and average casc, . >

Army=nlogn A
This algorithm has the same order as —F..mm. sort mbn_;a same average
order as quick sort. . »
6 The main drawback of merge sort is that it requires an auxiliary array
with n elements. : B
Fach of the other sorting algorithms requires only a finite number of
extra locations, which is independent of n.

8. The results arc summarized in the following table :

o

=

-Algorithm Average case |Extra memory

Merge sort | n logn= Onlogr) | nlogr = O log nk: Oin)

“ Worst case

...m..:.u 3.22. | Describe two way merge manw._..:m;eh. Give its time

complexity. i . g

‘Answer

Two way merge sort method :-

1 .H._.._Ens_mv. merge sort is a classic sorting algorithm that divides an unsorted
list into two halves, recursively sorts these halves, and then merges
them back together into a single sorted list,

2. Itfollows the divide-und-conquer approach to sorting.

3. .ﬁ..,...o-imu. merge sort is an elficient and stable sorting algorithm that is
widely used for sorting large datasets because of its consistent
performance and stable nature,

4. However, it does require additional memory for merging the subarrays,
making it less memory-cflicient for very large datasets.

Algorithm : Hero's a step-by-step description of the two-way merge sort

method «

L. Divide : The unsorted list is divided into two equal or nearly equal
halves, If the list has an odd number of elements, one of the halves will
have one mare element than the other,



S T WAL W

Conquer : Eueh of the
two-way merge sort algorithp, Thig ;
merge sort algorithm to each n.m_?E i
3. Merge : The two sorted halves 4, \
sorted list. Thig Merging procegg nMﬁ o
and arranges them in ascending own.__mwa
Time complexity : .

1. Thetime complexity of the t
the number of clements in ¢
2. The divide
into halves.

..ﬂaas_mw

mer m.mo :
he list, Be sort s oy

step takes O(log n) time since it recypg N
iv

3. The merge step takes O(n) time

because
: ev
compared and placed in the merge

€1y elemas
d result, me._.uoa Deedy fy j,

ue 3.23. i i ioni il
Q Write arecursive function in ‘C'to HEEmEau_Fmscﬁ
sort on given sct of integers,

Answer _

Funetion :
void merge (int low, int mid, int high)
| . #
int temp [MAX] ; : 2
inti=low; N G
int j = mid + 1; PR,
int k = low; <
‘while ((i <= mid) && (j <= high)) o
.— f ! P
if (array [i] <= array [j]) ;
temp [k++] = array [i++]; -
else #
temp [k++] = array [j++] ;
} &
while (i <= mid}
temp [k++] = array [i++];
while (j <= high)
temp [k++] = array [j++] ;
for {i = low; i <= high; i++)
array [i] = temp [i];
|
void merge_sort (int low, int high)
{
int mid;
if (Jlow != high)
{
mid = (low + high)/ 2

Searching and Sorting

3-24E
o sort (10%, B::.., |
|31 (mid + 1. high)

ow, mid, high);

merg
merge.
merge (

a—uﬁm “Nuh _ sﬁ.- £ - M_-. 2 ‘mUH@. on
* it an w— Or u-—.._—-nu —H-h merx n..ml mauﬂ .ﬂ.-p& a3

: uwm. mm uaqﬁuv Hwaﬂummﬂwﬂ-mm-
. ) ]

following elements 45 [AKTU 2020-21, Marks 10 _

Q. 3.21, Page 3-21E, Unit-3,

"Answer o
L_ﬁnclnra for merge sort : Re
ical :
ZEEAH...q._.n__.- . 45. 32, 65, 76, 23, 12, 54, 67,22, 81
VeIl . %, y

: ] |
e @ EEEEE EE

Fig. 3.24.1.

Sorted array = Tm_mN_Mm_um_hm_mhﬁmm_mq_qmg

n....,..-o 3.25.

i.  Use the merge sort algorithm to sort the following elements In
ascending order.
13,16, 10, 11, 4, 12, 6, 7. o
What is the time and space complexity of merge sort 2 Isit
ii. Usequicksort algorithm to sort 15, 22, 30, 10, 15, 64,1,3,9,2.1s
a stable sorting algorithm 7 Justify.

[AKTU 2021-22, Marks 10 |
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Answer _

13,16, 10,11,4,12,6,7

1 2 3 5

6 7
A= _|i:u_:. H__ﬁﬂ::h.

. Number of elements g
:E.! w MMM .n

Fig. 3.25.2.

SortedA=[4 [ 6] 7] 10]11]12]13]16]
_.H,mEm complexity of merge sort = Oin log n)
Space complexity of merge sort = Ofn)

12 34 56 7 8 9 10
LetAll=[i5]22]a0]10]15[64] 1 ]3] 9] 2]

Herep=1,r=10

=Al10] te.,x=2
un.uiu_.m..__
Now ...,_u:hm_
' J=landi=0
Al=All) = 15and 1522

st bk o

Searching and Sorting
; j=2andi=0
i AlZ] = 2252 (False)
Naw, g..u.mmﬂ._.m._nﬂ
Al3] = 30 < 2(False)
L__..Iuh__nu—aq.n.u
Aldl = 10 £ 2 (False)
ji=5
Al5] = 1652 (False) 1
f=6
Al6] = g4 < 2 (False) _ P i
J=T A : f
Al7] = 1<2(True) . .
i=0+1=L 4
m:_ims_ _ .
2 5 7 g 9
Lé. _M_wm_ua_s |Tr_ 15]3]9] \_
j=8andi=1
_A[8] = 3<2 (False) _
© j=9andi=1 & .
e 0 Al9) = 9 52 (False) 6 :
then, % h_.m—.':I.b.T_
Al2] & A[10]
g2 %

/2 3 4 5ig 7708 “9-10
_H_u_mi_ir_mipm_u_m_mu_
QUICK SORT (A, 1, 1)
12
QUICK SORT (A, 3, 10)
3 4 5 6 7 8 9 10
[30] 10 156416 3 [ o [22]
Here p=3r=10
x=Al0] =
i=3-1=2
j=38t09 ,j=3andi=2
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Al3] = 30 < 22 (False) amﬁf _
Jj=dandi=2 e .__
Ald] = 10 <29 (True) _
mHm+~H.wch}_E?vh_£ _
3 4 5 6 7 8 9 1 .
ie, [10[30]15]64]15] 3 | 9 [22]
Jj=5andi=3
Al5] = 15 <22 (True)
h.uw+_.n#:=mb§1b_m_
34 5 6 7 8 9 10 ..
[1o]15]30]64]15] 3| 9 [22]
Similarly
j=Ti=4
AlT] = 15 £ 22 (True)
i=4+1=5andA[5] & A7)
34 5 6 78 § 10

ie, [10]15]15]64]15] 3] 9 [22]

Similarly, we get another pivot element

[10f{15]15] 3 | 9 [22]64]30]
Thus, this is a stable algerithm.

Que 3.26. | What are the merits and demerits of array ? Given iw

arrays of integers in ascending order, develop an algorithm to
merge these arrays to form a third array sorted in ascending order.

AKTU 2019-20, Marks 1
Answer _

Merits of array :

1 s :
\ Array is a collection of elements of similar data type.
. w.mm_._nm. multiple applications that require multiple data 0
YPe are represented by a single name.
Demerits of array:
1.

_.mm_.nu%s

HLE . ay 4
%&. arrays are static structures, i.e., memory ustd by &
reduced or extended.
2, Previ : i
vious knowledge of number of elements in the array g

...:._ompaag _

Searching and Sorting

uf“—ﬂ.ﬁ:n?n—u i
MergeS0
result = N€
resultPointel = 0

1Peinter =0

zn%mwmﬁﬁa_&. 1, array2):
w ._rﬂ.mm:a:ﬁrﬁm:wu: + Iengthiarray2)]

array
arrayZPointer = 0

while arra¥ 1Pointer

lengtht arrayZh

ifarrayllarr ayl

result _nnm:_#_..cmz_.nu_

array lT'ointer + 1 = 4

< lengthl{arrayl) and array2Pointer <

Pointer| < arr ay2[ar .mu_.uxow:mm_..._ﬂ..../. s
£3 CiF

= arrayllarray1Pointer]

arraylPointer =

else: .
nnmEﬂ_unmz_ﬁ_ucmnnﬂL .H.uaun.hm.:.ﬂwm__u&:ﬁnﬂ_
array2Pointer = array2Pointer—+1
resultPuointer = resultPointer+1

PART-6

Heap Sort and Radix Sort.

Que 3.27. Write a m-..ucn..n note on heap sort,
. e OR . 7
Explain heap sort, i

‘Answer ¢ ol

1. Heapsort finds the largest element and puts it at the end of array, then
:”c m.na.“.:.._ lurgest item is found and this process is repeated for all other
elements.

2, The general approach of heap sort is as follows ©
a. Fromthe given array, build the initial max heap.
b. Interchange the root (maximum) element with the last element.
e, Wmm :.ﬁm:_._cc downward operation from root node to rebuild the
eap of size one less than the starting.
d. . Repeat step (a) and (b) until there are no more elements.
Analysis of heap sort
Complexity of heap sort for all cases is O(n log, n)-
MAX-HEAPIFY (A,1):
L 1« leftli]



!
i

3-20E (CSAT-Sem g,

Datn Strocture

abplt

r +—right [i]

if 1 < heap-size [4] and AE] > Al£]

then largest +

clse largest + §

if'r < heap-size [A] and A[r] > A [largest]

then largest «r

if largest # ¢

then exchange A[{] «» Allargest] Ry Y

10. MAX-HEAPIFY [, largest] S g

HEAP-SORT(A):

1. BUILD-MAX-HEAF (A)

for i « length [Al down to 2
do exchange A[1] « Alil .

heap-size [A] « heap-size [A] -1

MAX-HEAPIFY (4,1)

2

3.
4.
5.
6.
7.
8
9.

2
3.
4
5

Que 3.28. _ Write a short note on radix sort. y
¥ .A.. ... 4 cm ; J

Explain radix sort.

Answer
Radix sort is a small methoed that many people uses when alphabetizing

1.

alarge list of names (here Radix is 26, 26 letters of alphabet).
2, Specifieally, the list of name is first sorted according to the first letter of
each name, { 2., the names are arranged in 26 classes,

3. Intuitively, one might want to sort _..Ei_um_.m on their most significant
digit. ko

But radix sort do counter-intuitively by sorting on the least significant

digits first.
On the first pass entire numbers sort on the least significant digit and

combine in an array.
Then on the second pass, the entire numbers are sorted again on the
second least-significant digits and combine in an array and so on.

Following example shows how radix sort operates on seven 3-digit

number.

3-30E (CSAT-Sem:3) Searching and Sorting
Table 3.28.1,
329 720 20 | ae |
457 355 399 355
657 436 436 436
813 457 835 457
436 657 55 6857
720 329 457 120
355 839 657 839
- =

In the above example, the first column is the input,-
The remaining shows the list after m:nnmmmﬁd sorts on increasingly

significant digits position. ; it
The code for radix sort assumes that each element in the _

array A has d digits, where digit 1is the _c.imm._ﬁ.oaﬁ digit M.MH%”MMMH
highest-order digit. P - e
RADIX_SORT (A, d) e, W
fori e 1tod do

10

use a stable sort to sort array A on digit { Bl s
#/ counting sort will do the jobh Nl |
Anulysis ; i : J i ¢ ]
I Tho runningtime depends un the table used ag anj R i
algorithm. 7 % o .w_mum&m,ﬁ. sorting

2. “When each n:r._w_. is in the ran e s t
ge 1 tok, and %

.COUNTIN .m.,.m._umq is the obvious chojee, ~ % ook tod rge,
3. In'case of counting sort, eac diSver. s d.dici

o epamiatjco g sort, mmnrvmuw S.a.m ' d-digit qumbers takes
4. There are d passes, so the total time for radix sort is &n +&) time. There

are d passes, so the total time for radix sort is Odn + &d) ﬂ_.r“ms d is

constant and k = &(n}), the radix sort runs in linear time. .

i

Que 329. (Write an algorithm for Heap Sort. Use Heap sort

algorithm, sort the following sequence :
18.25,45,34,36,51,43, and 24. [ARTU 2022.23, Marks 10 _

Answer
Algorithm : Refer Q. 3.27, Page 3-28E, Unit-3.
Numerica]
ﬂ.?a: array : A[18, 25, 45, 34, 36, 51, 43, 24)
First we cal] BUTID - MAX - HEAP




3-31E q.Om._.u.u..mmE-E

Data Structure

Heap size [n] =8 3-32 E (CSAT-Sem-3) Soarchin

E and m.n:.ﬁﬂ.w

Soi =4 lo 1call MAX - HEAPIFY (A,i}
First we call MAX - HEAPIFY (A, 4)
{=lefl [41=8
AlBl =24 <24
Similarly for { = 3, 2, 1 we get following _.__.n..mﬁ _H,u..a .

(19

1 2 345 678
_E_E_&.._m,p?m_mmTw__m_

Mn.s. [= m down to 2 size = size = 1 call MAX-HEAPIFY (A, 5) each time.
xchanging A[1] > A[8] and size = &




——

3-33E Homhﬂ.moi.um

Datn Structuré

Now call MAX-HEAPIFY (A, 1)
Now exchange A[ll & A[7] and size=8-1=7

(1)

Now call MAX-HEAPIFY (4, 1) g
Now exchange A[1] +» Al6] and size=7-1=6

-~ TaE

Now call MAX-HEAPIFY (A, 1)
Now exchange A(1] «» A[5] and size=6-1=5

® @
& W) . g ®

(18) (29 (18) (9)
[ [36]43]45]51]

Now call MAX-HEAPIFY (4, 1)

3-34 E (CS/AT-Sem-3) i
Searching ang Sorting

Now exchange A[1] & A[4] and size 5 - 1=4

39
(29 )

(19

| [34 [36]43]45]51)
Now, call MAX-HEAPIFY (A, 1)
Now, exchange A[1] «» A(3] and size 4~1=3 .-

[ [25]34 ?2.&?&&.

Now, call MAX-HEAPIFY (A, 1)
Now, exchange A[1] «» A[2] and size 3-1=9

] &Tm [3[as[51]

Thus, sorted array
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" Basic Terminology used with Tree, Bina

Representation : Array Representation gn

W.H.H.m@m J : mmhwme.mnuax.o:.

Que 4.1. _ Explain the following terms : )

; i, Tree ii. VertexofTree .
2 iii. Depth iv. Degree ofan clement

CONTENTS | @

Trees

ry %_,.n.mm. Binary Tree
d Pointer (Linked Lisy)

——

3 v. Degreeof Tree vi. Leaf
— Answer _
Part-1 : Basic Terminology Used With .

i 4-2E to 4-7p

i. Tree: A tree T is a finite non-empty set of elem
Tree, Binary Trees, Binary

{ ents. One of these

clements is called the root, and the Temaining elements, if any is
Tree Representation : Array partitioned into trees is called subtree of 7. Atreeisa non-linear datg
Representation and Pointer

structure.
(Linked List) Representation

e
=
H

Vertex of tree : Each node of a tree is known as vertex of tree,
Part-2 : Binary Search Tree, Strictly .ooveeeennnin, 4-7E to 4-13E

Binary Tree, Complete Binary

Vertex of tree
Tree, A Extended Binary Trees

Part-3 : Tree Traversal Algorithm 1o 4-13E to 4-20F
Inorder, Preorder and Postorder, : ¥ =
Constructing Binary Tree from : y Fig. 4.1.1.
Given Tree Traversal iii. . Depth : The depth of binary tree is the maximum leve] of any leafin the
tree. This equals the length
Part-4 : Operation of Insertion, Deletion,

5 i of the longest path from the root to any leaf,
......... 4-20F to 4-22E DeptholFig. 4.1.2 tree is 2. o
Searching and Modification ) .

of Data in Binary Search

% \m/
Threaded Binary Trees, ..o, 4-22F to 4-28E B :

-Part-5 : ¢

Traversing Threaded : \/ /

Binary Trees, Huffman g D E F

Coding Using Binary Tree o Fig. 4.1.2
Fart-6 : Concept and Basic ... v cenn 4-28E to 4-50E - L¥: wamncm of an element : The number of children of node is known as
= Operation for AVI, Tree, v v c_mmwmm of the clement. . 3 ber of d i

\ B Tree and Binary Heaps . . rﬂwﬂumm of tree : In a tree, node having maximum number of degree is
. g . UWn as degree of tree,
vi,

Leaf: A terminal node in tree is known as leaf node or a node which has
no child is known as leaf node.

Que 4.2, _ Explain binary tree representation using array.
4-1E (C8/IT-Sem.3)
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Data Structure

[Answer.
1. Inan array representation,
starting from 0% level.

2. Missing elements are represented by

3. This representation scheme is waste
are missing. 4

4. Infact, a binary tree that has n-elements may TeQUITE AN array of sizg

up to 2" (including position 0} for its representation.

This maximum size is needed when cach element (except the root) of

the n-element binary tree is the right child of its parent,

6. Fig. 4.2.1shows such a binary tree with four elemeats. Binary trees of
this type are called right-skewed binary trees, L,

1

nodes of the trecare stored level-by.Jeyg

white boxes.
ful of space when many c_mﬁmbﬁm

]

R

Que 4.3. _ Explain E_.-.EQ. tree representation using linked .E:.

Answer * s

1. Consider a binary tree Twhich uses three parallel arrays, .HZ_.,O.EME.. A

and RIGHT, and a pointer variable ROOT.

2. First ofall, each node N of T will correspond Lo a location K such that;

a. . INFO[K] contains the data at thenode N.
b. . LEFTIK] contains the location of the left child of node N.
¢. RIGHTIK] contains the location of the right child of node N.
3. ROOT will contain the location of the root B of T.
4. If any subtree is empty, then the corresponding pointer will contain
the null value. )
5. Ifthe tree Titselfis empty, then ROOT will contain the null value.
6. INFO may actually be a linear array of records or a collection of parallel

dArrays.

Write a C program to implement binary tree insertion,

deletion with example.

‘Answer
#include<stdlib. h>
#include<stdio. h>

struct bin_tree |
int data;

e

TS

44E nnmﬁﬂ.ﬂ;ommguuu—

Trees
struct bin_tree *right, *left; '
h 3

typedef struct bin_tree node;

void insert{node *tree, int val)

{

node "temp = NULL;

ifil{*tree))

{

temp = (node *Imalloc(sizeofnode));

temp->left = temp->right = NULL; .
temp->data = val; S5
*tree = nmE_un T .
return; ) ¥

!
ifival < (*tree)->datal

{

insert{&{*trec)->left, val);

_ 3 o
else iflval » (*tree)->data)

{ :
inzert{&(*tree)->right, val); & -

|

1 { ;

void print_inorder(node *tree) .
if (tree) ] 5

( : 4
mla_..J.E__uael_._-.mm-u_c:.ﬁ
printf(“%d\n” trec->data);
_uz:"..,Ecﬂmn%._.mm.v_.i_us"

] e

H : :
void deltree(node *tree) o J
_ z
if (tree)

{

am_r.nm:._&c-v_cen

mm__._._mm:«mm.vimrc”

frecitree);

}

}

void main(}

{

node *root;

node *tmp,

Hint i:

Toot = NULL:
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Data Structure

/

/* Inserting nodes into tree g
insert(&root, 9);
insert{&root, 4};
insert(droot, 15);
insert{&root, 6);
insert{&root, 12);
insert(&root, 17);
inserti&root, 21,
/* Printing nodes of tree */
printfl*Afler insertion inorder display\n");
print_inorder(root}; .
/* Deleting all nodes of tree */
deltree{root);
print{“Tree is empty™);

"

Que 4.5. | Write the C program for various traversing technique, h

of binary tree with neat example.

Answer _

#include<stdio. h>

#include<stdlib.h> v
struct node §) b
{ W
int value;

node* left; =

node* 1mr.._w
I
struct nede* root;
struct node™ insert{struct node* r, int data};
void inorder{struct node* r;
void preorder{struct node*r};
void postorder(siruct node* r);
int main()

|

root = NULL;

intn, v;

printfi“How many data do you want to insert ?\n"};
scanfl“%d”, &n);

forlint i=0; i<n; i++){

printfl“Data %d: ", i+1);

scanf("%d”, &vy;

root = insertiroot, v);

]

printf(*Inorder Traversal :”);

inorder(root):

printf{“\n");

4-6 E (CS/IT-Sem-3)

ﬁl:.b..?mnun_mu_ Traversal :™);
ﬁqaoanlnaoﬁ ),

ﬂnm:_-:..__b..w.. 4
ﬁd.:_.:_,?cmacanw Traversal :*);
uum»aamnqoa:“

printfl*} ")

return O;

struct node* insert(struct node* r, int data)
{

::.H“.?HH..__H..H.L

{

r = {(struct node™) malloc(sizeof(struct node));

r->value = data;

H-V_Q; — z :Fw

r->right = NULL;

]

elze ifldata < r->value)|

r->left = insert(r->left, data);

}

else { NE
r->right = insert(r->right, data); -
| | .
return r;
v # e
void inorder(struct node® 1)
ifir'=NULL)
inorder{r-=left);
printf(*%d ", r->value)
inorder(r->right):

]

]

MEE preorder(struct node* 1)
ifle!l=NULL)

printfl*q.d= r->valup):
_u..ma_.pmw?-ch:ux
“z.cc_.nal?vlwr;

}

__E:m Postorder(struct node* T)
Hlrl=N ULL)
ﬁamg_.n_cw:.vuo_,:“

_..cmﬂ.a_i er{r-»right);

printfl g4~ r->value);

Treea
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=t

PART-2Z

Binary Search Tree, Strictly Binary Tree, Complete Binary Tres -
A Extended Binary Trees. -z

ek

S

£

Que 4.6, _ Explain binary search tree and its operations,

Answer ﬁ &' >

Binary search tree:

1,
b

3.

A binary search trec is a binary tree.

Binary scarch tree can be represented by a linked data structure j

which each node is an object. A I

In addition to a key field, each node contains fields left, right and p

which point to the nodes corresponding to its left child, its right child EL

its parent respectively. .

A non-empty binary search tree salisfies the following properties :

a. Every element has a key (or value) and no two elements have the:
same value, : . =

b. Thekeys,if any, inthe left subtree of root are smaller than n_um.w&_
in the node, ¢ .

¢. Thekeys, if any in the right subtree of the root are larger than the
keys in the node, :

d. - The left and right subtrees of the root are also binary search tree,

Various operations of BST are:

.

e

Searching in a BST: .
Searching for a data in a binary search tree is much faster thanin

arrays or linked lists. The TREE-SEARCH (x, k) algorithm sear hesthe |
tree roat at x for a node whose key value equals to k. It returns a peinter, -

to the node if it exist otherwise NIL.

TREE-SEARCH (x, k)

If x = NIL or % = key [x]

then return x

If & < key [x]

then return TREE-SEARCH (left [x], &)

else return TREE-SEARCH (right [x], &)

Traversal operation on BST :

All the traversal operations are applicable in binary search trees. The
inorder traversal on a binary search tree gives the sorted order of data
in ascending (increasing) order.

Insertion of data into a binary search tree:

To insert a new value w into a binary search tree T, we use the procedur®
TREE-INSERT. The procedure passed a node z for which keylz] =%
left [z] = NIL and Right [z] = N1L,

4-8 E (CS/AT-Sem-3)
Tree,

y + NIL
% « rout [T
while x = NIL
doy <« x
if key fz] < key [x]
-._.um_.u X left _H_
else x — 1h.r_.r =l
Plz] ¥
ify = NIL
10. then root [T] + 2
1L else if key (2] < key [y]
12. thenlefl [¥] &2
13. else right c.w&?n.ﬁf ) ] . b,
d Delete a node : Deletion of a node from a BS '

of its children. Suppose to delete o node with _nﬂmmwm“a%a on the number
are 3 cases that can ocour. T om BST T there
Case I : ¥ has no children. Then N is deloted fir : L _
the location of N in the parent node PiN) by :uaM“_M__d HB"_& replacing
Case 2 : N has exactly one child. Then N is deleted mampmum .
replacing the location of N in PO) by the lucationaf e muy o0
.U.n.mm 3: N hasiwo n—.E.n__.mF_.\mn S(V) denote the nirdar mﬁnwﬁn" cm,?_..
(The reader can verify that SUN) does not have » left child) ._,m”aﬂc ?
deleted from T by first deleting S(N) from T(by using Case ._. en N is
and then replacing node Nin T by the node S(\7}. 2 or _ummn.E

R Tl

.nw_.n.m km.q".. Write a short note on strictly binary __.Em.._.naE_._n»m

binary tree and extended binary tree. [ARTU 2020.21, Marks 10

T

_mfumﬂ.é-. : ,
Strictly binary tree : e,
a. H N”md“. noa._mm_.. node in mr_.—ug..mmm.m.. rmm,sun.mEvG left and right
i subtree, s.:.u tree is termed as strictly binary tree.
n. .”.ms.ﬁﬁc. binary trec with n leayes always containg 21 - 1 nodes.
©levery non-leaf node in a binary tree has exactly two children, the tree
c 13 known as strictly binary tree,
.H.Emu_m...m binary tree : A tree is called a complete binary tree if tree
satisfies following conditions -
w Each node has exactly two children except leaf node,
- Allleaf nodes are at same level,
¢ Ifabinary tree contains m nodes at level 1, it contains at most 2m nodes
atlevel { + 1.
Extended binary tree:
a A _EEJ. tree T'is said to be 2-tree or extended binary tree if each node
has either 0 or 2 children.
b. " Nodes with 2 children are called internal nodes and nodes with O children
aro called external nodes.

&
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Queds.s

i t
i. Write an iterative function

o search a key in Binary mam#r
AKTU 2021-22, Mari; jp

Tree (BST). . ith somosaitab
ii. Discuss disadvantages of recursionwi le examp],

Answer _

i. FIND(INFO, LEFT, RIGHT, ROOT, ITEM, LOC, ,_._pm: |
Abinary search tree T is the memory and an _,._,E.S of information ig Zivey,
This procedure finds the location LOC of ITEM in T .mam Ewm_ e chu.c.oa.
PAR of the parent of ITEM. There are three special cases: '
1. LOC=NULLand PAR = NULL will indicate that the tree is empty
2. LOC « NULLand PAR = NULL will indicate that ITEM is thy root am,a
3. LOC =NULL and PAR # NULL will indicate that IFTEM is not in T apg
can be added to T as a child of the node N with location PAR
a. [Treeccmpty 7] ¢
IfROOT = NULL, then: Set LOC := NULL and PAR = NULL
Return. o ;i

b. [ITEM at root 7] TS
I[f ITEM = INFOIROOT], then: Set LOC ;= ROOT and PAR

and

NULL, and Retorn.
c. [Initialize pointers PTR and SAVE.) ;

If ITEM < INFO[ROOT!, then: £ 37 N2
Set PTR := LEFT[ROOT] and SAVE := ROQT. - 7
Else : .

Set PTH := RIGHT[ROOT] and SAVE ;= ROOT,
[End of If structure.]

d Repeart steps 5 and 6 while PTR #NULL:

e. J[ITEM {found ?] \

I ITEM = INFOIPTR], then: Set LOC := PTR and PAR :=SAVE,

and Return.
f. HITEM <INFO[PTRI, then:
Set SAVE := PTR and PTR := LEFT[PTRI].

Else
Set SAVE := PTR and PTR := RIGHT|PTR].
[End of If structurel

[End of step 4 loop.]
[Search unsuccessful.] Set LOC := NULL and PAR := m.ﬁﬁ.
Exit

ii. isadvantages of recursion :

=g Am

function.

, : I
It may require a lot of memory space to hold intermediate resd
on the system stacks.

Hard to analyze or understand the code,

4-10 E (CS/AT-Sem-3)

Troeg

o_”.mn.a and time complexity
¥ ifthg Técursive ca|lg or,

4. [tis not more efficient in
5. Thecomputer may run g
_..H:_Hi.a_. checked, aiad
Example: Consider asim ;
number using recursion - ple ?nﬂsn to caleulagg the _.mngnm_nﬂm
public static int factorial (int n)|
ifin==0)|
return 1;
)else |

return n® factorial (n — 1)

ut Dm, HD.u-.-._.

}

While this function workg fine for sma values &.:
values, it can quickly consume a signi

ficant amount
to the nested function calls, potentially leading o mMﬁm

What is the difference between a bin

(BST) and heap ? For a giv
heap and a BST.

34,23, 67, 45, 12,54, 87, 43,98, 75, 84,93, 3,

AKTU 2019-20, Marks 10
Answer _

Difference :

H-.- *.OH ._m.—.ﬂ.n
u._nnn.oﬁd dye
ack overfloy,

ary search tree

en sequence of numbers, congiryet a

i i : _recursive
Recursive functions are generally slower than non-recutsi

5 No. Bivary soareh ies B0 |~ iy ———
L Inbinary scarch tree forevery | Tn heap,
H 5 A rap, for every node pth
node except the leaf node, the than the root, the key _..m_“.,h_m Mm
lefi ...J.E rsm. a less key valye _ the parent node is a.n.n..m.mn or
”nm h.,.:r.rﬂ child has a greater | smaller or equal to the key valye
ey value, | of the child node,
— W
2, _F%.:mgnﬁcmm the order (from | It Buarantees that the element
eft to right), at higher level is smaller or
Ereater than element at lower
— level,
3. Time complexity to find min/ | Time complexity to find minfmax
max element jg Ollog n). is O(1)
Numerical

Construction of heap :

mﬂwum 4 5 6 1T 8 9 10111213

2]54187]43[98]75]84]93[31
I EGER IR EImM

e
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1 : 4-12E (CS/AT-Sem-3)
Treeg

After MAX-HEAPIFY (A, 3)

Fori=6

MAX-HEAPIFY (A, 6]

=12 r=13

12 < 13 and Al12] =93 A[B] =
Al12] > Al6]

largest + 12

13 =13 Al13] =31 A[12] =93
Al13] # ALzl

Exchange Ali] « All]

Al6] « Al12]

Fori=5
MAX-HEAPIFY (A, 5)
{=10 r=11° \ _ .
10 < 13 and A[10] > A[5] . ‘ g,
largest « 10

11 < 13 and AL11] > AI0] i &
largest « 11 _ ® @& W
Exchange A[5] «» A[11] @ M”Mﬂﬂﬂn:oa of BST
3
| O]
Insert 67 :

{ -
1

Insert12;




4-13E (CSAT-Son, y, _
S

Data Structure

Insert43:
Insert 87:

(35)
(23 (67)
(2 OEES,
Insert 98 ; ) Insert 76
(39
(23 [57)
(12 (a5 (&9
@ B O
Insert 84 :
Insert 93 : :
Insert31: 3 _d

(FART 3]

Tree Traversal Algorithm : Inorder, Preorder and ,ﬁcﬂammnﬂ
Constructing Binary Tree From Given Tree Traversa

||.|.|!.

. dfull
Que 4,10, * Define tree, binary tree, complete binary tree an

: . of 2
binary tree. Write algorithm or function to obtain traversals
binary tree in preorder, postorder and inorder.

4-14 E (CS/1T-Sem-3}

e

Tree ; Refer Q. 4.1, Page 4-2E, Unjt.4.
Binary tree: -
1. Abinary isa non-linear data structure
far cach parent,
2. Everynedeinabinary tree has a left ang p
data element.
d fthe hierarchy of gt
3. The node of the topo ¥ 6 e,
Complete binary tree : Refer Q 4.7, Page 4-8E, Unit. 4 2 T00t node,
Full binary tree: . .
1. Afullbinary tree is formed when each missing ...EE_.: the binary tree js
replaced with a node having no children, . e
2. These leaf nodes are drawn as squares in the Fig. 5101,

c_;quﬁu.a:E of v wy childrap

ght reference along witp the

m.mh. 5.10. —. Full &qu n._.mm

3. Eachnode is eithera leaf or has degree m.nm..:.« 2,
Algorithm for preorder traversal : o
Preorder (INFO, LEFT, RIGHT, ROOT)  +' o v

1. ’[Initially push NULL onta STACK. and initialize S.E
Set TOP = 1, STACK [1] = NULL and E.N ROOT

2. mmuzu_. steps 3to 5 while PTR uZ:rr 8

Apply process to INFO [PTR] !

4. [Right child?| Ty
If RIGHT [PTR] * NULL.

Then

[Push on STACK]

Set TOP = TOI + 1 and
STACK [TOP| = RIGHT [PTR]
Endif

5. [Left child?]

If LEFT[PTR] « NULL then

set PI'R = LEFT[PTR]

Else

[Pop from STACK)

set PTR = STACK[TOP] and TOP = TOP - 1
Endif

P
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mn...m ofiEtes e bh. potostep2 Z
6. FExit Al :
Algorithm for inorder travers Endif
Inorder (INFO, LEFT, RIGHT, ROOT): b 9. Exit
1.  [Push NULL onto STACK and initialize PTR]
Set TOP = 1, STACK[1) = NULL and PTR =ROOT Que 4.11. | Conatruct a binary tree for pq
2.  Repeat while PTR= NULL Inorder: @, B,K,C,F,A, G, P, ED iz n_._oi,__n_m".
[Push leftmost path onto STACK] Preorder: G, B, Q, A, C, .__.p. F,P.D, .W. %4
8. SetTOP=TOP+ 1 and Find the postorder of the tree,
STACK [TOP] = PTR ot
b. Set PTR=LEFT [PTR] s . h Answer _
End loep £ W 1:In preorder traversal A,
3. Set PTR = STACK(TOP) and TOP =TOP_1"" . = mﬂ. hiniiry troe. 54, s e Rode. So, Gs the root nodp of
4. Repeatsteps 5to7 while PTR = NULL i y PR %
5. Apply process to INFO[PTR] B @ :
6. [Right Child?) IRIGHT [PTR] #NULL .~ : Step 2 : We can find the node o
Then : | Eanﬂmw sequence. 50, om Hmm sub-tree and right sub-tree with
a. Set PTR =RIGHT (PTR]..- :
b. gotostep?2 ¥
Endif .
7. Set PTR = STACKITOP) and TOP = TOP - 1 s
End of Step 4 Loop . . mw
8. Exit . A =
Algorithm for —.Emnonmmu traversal : . w4 Step 3 : Now, the left child of the root node wijl be the first node & b
Postorder (INFO, LEFT, RIGHT, ROOT) S 0 prearder ».E_:m:nn .._Pmﬂ root node G. So, . nthe
1. |PushNULL ento STACK andinitialize PTR] . :
Set TOP = 1, STACKI1] = NULL and PTR = ROOT i £
2. [Push _rw_.:oa._. path onto STACK] : . gal,
Repeat steps 3 to 5 while PTR#NULL - e, e,
3. Set TOP=TOP + 1 and STACK S“,OE z F “
[Pushes PTR on STACK] i - . =
4. IfRIGHT [PTR| # NULL I Ty e inorder sequence, Q is on the left side of B and Ais on the right
Then - | i _
Set TOP = TOP + 1 and STACK [TOP] = RIGHT [PTR]
Endif
5. Set PTR=LEFT [PTR]
End of step 2 loop ‘
6. Set PTR = STACK [TOP] and TOP =TOP -1 "
[Pops node from STACK]
7. Repeat while PTR > 0
a. Apply process to INFO [PTR] ;
b.  Set PTR = STACK [TOP] and TOP =TOP -1 HE Step 5 : In inorder sequence, Cis on the loft side of A . Now according to
Find loop inorder sequence, Xis on the left side of C and Fis onthe right side of C.
8. TfPTR<0Then i
a. SetPIR=-PTR
b




Data Structure

Step 6 : Similarly, we can go further for right side cn.m.u_. .

So, the final tree is g 7 4 ;)

Postorder of tree: Q, K, F, A, B, E, H,R,D, P, G
Que 4.12, _ Can you find a unique treec when any two traversals

corresponding hinary tree :
INORDER : HKDBILEAFCMJG

PREORDER : ABRDHKEILCFG.JM
Also find the post order traversal of obtained tree.

[AXTU 2019-20, Marks 10|

No, we cannot m.ﬁ.h_ unique tree when any two traversals are given. :E.S&.u.i
postorder are given then we cannot find unique tree, We can find unique tree i
one of the given traversal is inorder,

|
:
|
|
|
‘
|
‘
_
|
|

._

are given 7 Using the following traversals construct the |

4-18 E (CS/1T-Sem:3)

. T
Numerical i

Step 1: Inpreorder traversal rogt ig

th
of the binary tree. So, nm_.m:a.m__.mo_bmm the root nog
]

@-.3_..

Step 2 : We can find the node of left 5

b-t ;
inorder sequence. So, TE€ and right suly tree yeigy,

_ H.K D, B, HM_ g

Step 3 : Now, the left child of the root node wil]
preorder sequence after root node Aie. B g, ~ mﬂab&n e

mnn—umnZcﬁ.nrnnosnnan_omwb.g:_...=.=n .
side of 2. So WA rOer sequence, H, K is on the lefy

...”.mwm-... 5: Now theroot is i. In inorder EﬂEREEE:@E side of 1

Step 6 : Similarly, we can go further for right side of A.
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Data Srructure

So, the final tree 18

Postorder of tree : K, H, D, L, 1. E, B, F, M, J, G, C, A

Que 4.13. If the in order of a binary tree is B, I, D, A, C,G, &, By |

and its ._u:an orderis I, I, B, G, C, -— —ﬂ m. Athen ﬂmu.ﬂﬂ_.m. nﬁuﬂdaﬂﬂbn_._#
binary tree with neat and clear steps from above assumption, g

| AKTU | 2020-21, Maris g
OR ; U_

The order of nodes of a binary tree 5 -HE.&.nn and Postorde |
traversal are as follows :

Imorder:8,I,D, A, C, G, E,H,F,
Postorder: L, DB, G, C,H, F, E, A.

i. Draw the corresponding binary tree.

ii. Write the pre order traversal of the same tree. ol ..,J
: [ AKTU 2022-23, Marks 1]

b.:mﬂ_m_. _ ._ . _
Post order: 1,1, B, G,C,H,F,E A ; ;

Inorder: m,_,_u AC,GEHF
In post order, the last element is the root. mo here A is the root. By looking

at inorder, the tree will look like ;

Now, in left subtree, root will be B as in post order, last element in childres
B, 1, Dis B and in right rubtree, root will be E,

(3)
®) (E)
> €O EB

Similarly, following above steps, final tree will be

420 E (CS/T-Sem-3)

— ‘H-ﬂﬁ in

Qﬁmﬂnraaeﬁ?uﬂl_cz.h&m&g ._wmn_.n?zm.nzm.#oﬁ _. _..
Data in .mhaﬁq Search. . ..“._maﬁ ton of

— — T T eRLE

E_.E 4.14. | Write a procedure to insert a new element in 2 binary

search tree.

bumﬂ-mn _

INSBST(INFO, LEFT, RIGHT, ..m..DD.H. AVAIL, [TEM, LOC)
A binary scarch'tree T'is in memory and an ITEM of information is given,
This algorithm finds the location LOC of ITEM in T or adds ITEM aa g new
node in T at location LOC, :
1. Call FINDIINFO, LEFT, RIGHT, ROOT, ITEM HDG _u_____.E
2. IfLOC » NULL, thea Exit.
3. [Copy ITEM into new node in AVAILlist.] ?
a.  IfAVAIL = NULL, then write OVERFLOW, and Exit.
b.  Set NEW = AVAIL, AVAIL =L, FH...HT.E..PF_ and
INFOINEW)] := I'TEAL 3
¢ Set LOC:= NEW, Fm_._._.:_.._.rﬁ._ ?H:LL and
RIGHTINEW] := NULL, fihs
4. [Add ITEM to tree |
If PAR = NULL, then :
Set ROOT := NEW. N
Else if ITEM < INFOIPAR], then:
Set LEFT|PAR] := NEW.
Else ;
Set RIGHT(|PAR] := NEW
[End of I structure]
4. Exit.

s

_aﬁc _.r_._m. Write the algorithm for deletion of an element in binary
search treg,

DEL{INFO, LEFT, RIGHT, ROOT, AVAIL, ITEM)
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Data Structure . . S
memory and an ITEM of information is Biven,

A binary search t
.._._:..u.mfcn::h___ de .
1. |Find the locations®

Call FIND(INFO, LEFT:

2 [ITEM in tree 7| on write [TEM net in tree, and Exit,

IfL.OC = NULL, then e
3. Delete node contaimng 1L .

%.._M_mmﬁrwo_ . NULL and LEFT[LOC] # szL. then :

Call CASEB(INFO, LEFT, RIGHT, ROOT, LOC, PAR)

Else:

Call CASEA(INFO, LEFT, RIGHT, ROOT, LOC, PAR)
[End of If structure] ) v
[Return deleted node to the AVAIL list] B,

Set LEFT(LOC] := AVAIL and AVAIL :=LOC ;
5. Exit.
Que 4.16. _ Write a procedure to mam-.n._. an-element in the rmu.w..w

search tree.

Answer _ e,
FIND(INFO, LEFT, RIGHT, ROOT, ITEM, LOC, PAR)
Abinary search tree T is the memory and an ITEM of information is givey,
This procedure finds the location LOC of ITEM in T and also the locatigy
PAR of the pareni of ITEM. There are three special cases @ -
LOC = NULL and PAR = NULL will indicate that the tree is empty,
LOC = NULL and PAR = NULL willindicate that TTEM is the root of T,
LOC = NULL and PAR = NULL will indicate that ITEM is not in T ang
can be added to T as a child of the node N with location PAR.

1. [Tree empty 7] .
ZG.E... then: Set LOC := NULL E& PAR := NULL, and

: is in
H_wﬂnﬂ.“ﬂ.m?ﬂ from :._.ﬁ tree- i
5ol ITEM andits _E.Sam e .
15 RIGHT. ROOT, ITEM, LOC, PAR}

4.

L

If ROOT =
Return. :

2. [ITEM at root ?] f :
If ITEM = INFO[ROOT], then: Set LOC := ROOT and PAR := NULL,

and Return.
3. [Initialize pointers PTR and SAVE.]

IfITEM < INFO[ROOT], then:
Set PTR := LEFT[ROOT] and SAVE := ROOT.

Else:
Set PTR := RIGHT[RCOT] and SAVE := ROOT.

[End of If structure.]
4. Repeart steps 5 and 6 while PTR = NULL:

5. [ITEM found?]
If ITEM = INFO[PTRI, then: Set LOC ;= PTR and PAR :
Return,
6. IfITEM < INFOIPTR], then:
Set SAVE := PTR and PTR := LEFT[PTRI.

Else:

= m}é. NE._

1-22 E (CS/IT-Sem-3}

Set SAVE :=PTRand PTR .~
[End of If structure] EQE.H__SE.
[End of step 4 loop.]

[Search unsuccessful ] Set LOG .= NUL
: Land ppp.
=BAVE,

Threaded Binary Trees, Traversing T3 ;
Huffman Coding using Ea”“.&m.ﬂh.:nq Trees,

Que 4.17. _ What is a threadoed binary tree Explai
" “¥Plainthe advanta
ges

of using a threaded binary tree,

Answer. _

Threaded binary treeis a binary tree in which al | i

f ©os . eft child pej
NULL points to its inorder predecessor and all right MEHE painters that are
NULL points to its inorder successor. pointers that are

3,

Exit.

® =

L]
]

L ]
Tl
—‘h—..______;,'_ =

N '
_ﬂ__ D e INulll E |Nup

Null[ F ,...ﬁ e

..___.n-n

Nulll H

{a) Right Eﬂﬂ.mmn _H.E.mnc tree.

&
—a

o

LY
1= ?i /_.4 _ D

¢ [ H |Nul

(b) Left threaded binary tree
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i
Tl

B

{c) Fully threaded binary tree o
‘Fig. 4.17.1, R, 9Y
Advantages of using threaded binary tree :-
1. Inthreaded binary tree the traversal operations are very fast,
9 In threaded binary tree, we do not require stack to determine the
predecessor and successor node. 3 i
3. Inathreaded binary tree, one can move in any direction i.e,, Upward o,
downward because nodes are circularly linked,
4. Insertion inte and deletions from a threaded tree are all althoy
consuming operations but these are very easy to implement.

Que 4.18. _ What is the significance of maintaining threads Em_uma_ ..
Search Tree ? Write an algorithm to insert a node in nwuonn,rwmud. {

- ; . _ AKTU 2021-22, Marks ;_

‘Answer _ s : g

Significance : L ey .
1. In-order traversal optimization : By maint aining threads, we can .
traverse the BST in in-order without using recursion. |

% Space efficiency : Threads allow us to E::,ﬁ_ the need for additional
pointers or data structures to store information about the predecessor

successor nodes. .

. omﬂmmﬂmwnﬂ predecessor and suecessor (inding : With threads, mb&%
the predecessor or successor of a node becomes a constant time
operation. g :

4. m.umu. conversion from threaded to regular BST It is .w_.Emz
forward to convert a threaded BST back to a regular BST. This canbe ..
helpful if there is a need to switch between the threaded and awa."_
representations of specific algorithms or use cases.

Algorithm :

1. Initialize current as root

2. While current is not NULL
If current does not have left child
a. Print current's data

b. Go tothe right, i.e., current = current->right

Eh timg

ji

4 24E (CS/IT-Sem.3)
Else Trecs
Make current as right chilg of the ¢
a
subtree ¢ Tightmpgy node i tUrrent’s jost
._..u. QO to this left ﬁﬂﬂ.n.—__ _m.n.. Eﬂﬂﬂﬂﬁﬂncﬂﬂwﬂ—. <]

rithm for inorder traversal ip the
%._HGE._.__EN:NQ current as root caded r—bwww. tree
2. While current isnot NULL o
If current does not have left child Y
a. Print current's data #
b. Gototheright,i.e., current = current-sright i
Else -
a. Make current as right child of
left subtree B
b. Go tothis left child, i.e

the rightmost node in current’y

 CUTTent = current-»lefi
Que 4.20, { What is Huffman tree ?

following numbers : ;
24, 55,13, 67, 88, 36, 17,61, 24, 76

‘Answer _ N

Huffman tree is a binary tree in whic

h each node in “&n t L
symbal and each leaf represent a sym et
Huffman algorithm :

bol of eriginal alphabet.

L. Buppose, there are n weights 1., W,
2. Take two minimum we

and W, are first tw

Create a Huffman tree with

ights Wy, W, ... W,
._n.E.m among the n given weights. Suppose W,
0 minimum weights then subtree will be ;

'Fig. 5.20.1,

o G

Now the remaj
Create all subt
Numerical :

ning weights will be Wi+ W, W W, ... W
ree at the last weight.
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Arrange all the

13 H
.P-

ﬁmﬁﬁuvﬂ_:._ F Or der
_.:._;u_wu 510 B
n s

i
A
30

4-25E (CSAT-8op, 3)

L "

4-26E (CSAT-Sem-3)

Trees

Que 4,21, _ Explain Huffman al

gorithm. Construct Huffman tree
for MAHARA

SHTRA with its optimal code.
Answer _

I

Taffman algorithm : Reger Q. 4.20, Page 4-24E, Unit-4.




Numerical :

Arrange all the num

M
L

M
1

4-27E (CSAT-g,,, ;

3 3 * 2 )

ber 10 ascending

{HEHGK

optimal code for MAHARASHTRAGe. i
101001100111010111101001110 g o~

Concept and Basic Operation for AVI,
Heaps.

ﬁ..mm B tree and Binary

||a=a _».nw. _ Ummnm b.__.___s _.nmmm NH_..._EH. zw.d.m__._au oﬂmgcu- th
wi
example. o

H.

i

ii | Balance factor of a node isthe Eh.mwmn.um _um?_c

iv.

h__E Pﬂﬁ. .“E. Wm_mru rp_m.:nn& treeis a UEE.E& b

Ewd_ mm.E.nw_
In an AVL tree, balance factor of every node is cither -1, op *_...HE

t
:mr_. subtrces of that node, | o the heights of left and

Balanee factor = height of _mﬂ mcE.:E vmﬁwﬂ of right subtree

In order to balanee a tree, there are four cases of rotations -

Left Left rotation (LI rotation) ; in LL retation every node moves
one position to left from the current position.

Insert 1, 2 and 3
-2

=1

Tree is unbalanced To make tree balance we After LL rotation

use LL rotation which moves tree is balanced
nodes one position to left

Fig. 422.1.
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i tation} : In RR rotation ey,
3 . —-Gn__-.—..—ﬂ-..— -Hﬂhﬂ ro . J__
2 H__._Mﬂ“ aﬂwﬁ <ition to right from the current position. N,
.—.-.-Q

Insert 3, 2and 1
2

Tree is unbalanced To make tree balance we After Ryt Rotay,
because nede 3 has  use RR rotation which moves - treeig .u_p_,_mnnmn_ ;
balance factor 2 nodes one posilion to Er.w.;.... e -

Fig. 4.22.2.

3. Left Right rotation (LR rotation) : The LR Rotation is copg,
of single left rotation followed by single right rotation, In LR rotas
first every node moves one position to lefi then one position Mp.
from the current position. 2l Tight

w “After LL rotation

Insert 3,1 and 2
: 2

2

-1

Tree is unbalanced

because node 8 has
balanced lactor 2

RR rotation  After LR rotatim
tree is balanceg

LL rotation

; Fig. 4.22.3.
4. RightLeftrotation (RLrotation): The RL rotation is the combinstix
of single right rotation followed by single left rotation. In RL rotatim
first every node moves one position to right then one position te lf
from the current position.

Insert 1, 3 and 2
-2 After RR =2

.. After LL 0
I_,.“ rotation @)

—n ¥ . — 00 0
0 Ol 00 @O @

4
Tree is unbalanced : : After RL rotatid
haganss Hode ] Eag RR rotation  LL rotation g
balance factor -2

Fig.4.22.4.

aodl

Que 4.23. | Consider the following AVL tree and insert 2 14 >
: {
as new node. Show proper rotation to maintain the tree ps A

inaty, _

._n.....s
N 5 _.M-..

¥

Trees

Fig. 4231
Answer 2
Given trec: | B .
tidns?
Balanced tree T _‘_
Insert 2 ; &N i S ~3

Tres s
unbalanee ,
anced, ngw 1, rotation is required to balance it.

+1
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Now the tree is balanced.
Insert 12:

Trec is balanced, so there is no need to balance the tree,

Insert 7: 7 izalready in the tree henee it cannot be inserted in the AV]

Insert 10: 10is also in the tree hence it cannot be inserted in the },_cm”..aw
Tee,

Que 4.24. | What is height balanced tree ? Why height ._.E.Eun.sna

tree is required ? Create an AVL tree for the following elemen
N'U.u?n.__.&.._hmu i, e, v, fl .

Answer | & j

Height balanced tree : Refer (0. 4.22, Page 4-28F, Unil-4.
Height balancing of tree is required : Height balancing of tree is requireg
to implement an AVL tree. Each node must cantain a balanee factor, whigh
indicates its states of balance relative lo its sub-tree. .

Numerical _

Insert a:
®
Insertz:
-1
(@)
_e 0
Insert & :

oL RL rotation 0 0 Gc

8iq, [

E{(CS
2 Trees

(¥30

ER rotation

Insert 1w :
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Data Structure

Inserte:

No, rebalancing required. So, this is final AVL search tree.

Que 4.25. _ Describe all rotations in AVL tree, Construet AVL tree
from the following nodes: B, C, G, E, F, DA

Answer
AVL rotations : Refer Q. 4.22, Page 4-28E, Unit-4.
Construction of AVLtree:B,C,G,E, F,D, A

Insert B : aa
=
@o

Insert C:

-3)
Sem: Trees

L34 E(CESAT
posert G -2
-1
0
S».m___._an
sert E:
In d
(C)
0 1
B (©
Insert F .,_.
]

9 => B 9“...@ 0

ratation Hoﬁb:o:

Insert D) :

Que 4
26. | Insert the following sequence of elements into an AVL

tre
.:M_szsn with empty tree 71, 41, 91, 56, 60, 30, 40, 80, 50, 55 also
minimum array size to represent this tree.

[ARTU 2020-21, Marks 10
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4-36

Data Structure

Minimum array size to represent the tree:
2n-1:2*10-1=19
Que 427, _ Discuss left skewed and right skewed binary tree.

Ocnmﬁgnnuﬁ}aﬁr.ummrw mzmmuﬁﬂhnramﬂ:oi:hm_mﬂmarmnﬁ_m
order of their occurrence : i

60,2,14,22,13,111,92,86. . [AKTU 2022-23, Marks 10

A binary tree is said 1o be left skewed or right skewed based on the
Wrrangement of its nodes.

A Left skewed binary tree: left
L _H.H aleft skewed binary tree, all the nodes are skewed towardsthele
side of the troe,

2, the left child.

Ech node in the tree has at most one child, which 3
There are ng right children in the tree.
The leftmost node in the tree is the root
node is the left child of its parent.

m. node, and each subsequent
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Hw. “—MJMM*H@HMMWMM“M“UHP all the nodes are skewed towarg, the
) “_..H” M.MMmaHHMHﬂ has at Fn_““um.ﬂ Mﬂm child, which is the right chilg 7
3 %w#mﬂ_whﬂwnﬂ%m”mnﬂmw__ﬁﬂﬂ ﬂmm is the root node, and each mcwmmn_.:mnﬂ

: : i o1ik.
node is the right child of its paren _
Numerical : 60, 2, 14, 22, 13, 111, 92, 86.

Insert6o:  (69) | |
|
Insert2: O@ |
Insert 14 ".m £ 5
(&)
@ _ *.EI“,LW:HA @E Insert 86 :

—ﬁa”m:a: =

oy
wae @.

.:._.mcl 22:

Insert 13:

..}h.—n.ﬁ;.wn.
—w.._..-...rm. H

.H. .}_ HWrPH.ﬂ_.m mm a

| m.u.:m ::OF_m
: _f _c.r.hﬂ:._.r_.nu_.n

self- cm_mnﬁ:n tree data strycture that keeps data sorted

”m arches, Sequential access, insertions, and deletiops in
ime,




4-39E :um;..ﬂ-Wm:u 1
~d)

Data Structure

der m is atree which satisfies the following PrOPertigy,
t m children. )
ot) has at least [m/2\children.

o AB-treeofor
Every node has at mos
af node {except To
{wao children if
n contains k= 1keys.

ii., Ewverynon-le
iii. ‘The root has at least

iv. A non-leaf node with k childre
o same level.

v. All lenves appearinth

Application of B-tree : The main application of a B-tree is the organi,

of & huge collection of records into 2 file structure. The organization mM
d in it can be searched very efficieny)

be in such a way that any recor
insertion, deletion and modification operations can be carried out pe
i T

and efficiently. s

Qu
following elements 3,
25, 19. Also delete e¢lements 6,

Answer _ ¥

Insert 3:

it is not a leaf node.

Liog
Ouly
¥ n..,m._
mma_._w

i

14,7,1,8,5,11, 17,13, 6, 23, 12, 20, 26,
y 3 L] ¥ Rm. H
23 and 3 from the na:zpqﬂn_.anmmu.w__wf.

Insert 14 : *

Insert 7:

Insert1:™
Insert 8:

Insert 5:

Insert11:

¢ 4.29. | Construct a B-tree of order 5 oumnp.mw by insertj _
NR the |

[nsert6°

Insert 23 ¢

Insert 12 :

lnsert 26 ;

mei. 4:

13|57

(G0 (e [k

11/13|1417] 2

Trees
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Data Structure

Mhﬂ.ﬂ.@ﬂﬂ 16:

Insert 19:

This is final B-tree of order 3.

. reen B+ tred
Que 4.30. | Compare and contrast the difference betwe

index files and B-tree index files with an example.

1
442 E (CSNT-Sem-3)
Tower |
DT T S —
5.No.] Basis
hllull.-l_ Definition wq tree jy ap tearray 4
- with g variahle by, o?n...,e
~...-._.m¢ Dcﬂ._.u.xmh of h_._.:_.r. y
(3]
Per nede. a4 [y {res
consists of a roqp, intermg)
nodes and leavps The root
may be gither 4 leafop 4
node with twg of Morg
children.

7. Space Oin)

_ Eaﬁ_—..ﬂm.n.,.__. )
—_—

3. | Storage Ina B*tree datajs slored
only in leaf nodes.

4 Data The leaf nodes of the treg
store the actual reeory
rather than poipters to
records.

e

f. Spuce These trees do not waste
Spilce.

6. Funrtion of leaf ' In B tree, leal node data

; nodes are  ordered ip 4

) sequential linked sy ©

ol ¥ |

7. ") Bearching In B* tree, searchingofany

d data is very easy because

all data is found in leaf

nodes. 3
L} Search In B* tree, the searching
accessihility becomes casy,

et |

9. | Redundang They store redundant

r!f key i search key,
|l|-|-|l|l|l|||||-

farp
Same distan, “Uihe

& f)
_u..rmm_ and a]] , [ the

Ina Birge dearch keys

and data are stored i
internal pr Jaaf nodes
Illllll,ll-ll-lll-lllx

The lear Nodes of the tres
Store pointers tg records
rather than actual reennds,
T e VL |

These trees wasie space, [

— L
In B-tree, the leaf pode

fannot store ysing linked
list.

In B-tree, searching
becomes difficult as daty
cannot be found in the leal
node.

In B-tree, the search is oot
that easy as compared to
a B* tree.

They de not store

redundant search key.

|

(315
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Data Structure

Que 4.31 _ What is n -Tree 7 Generate a B.Tree of order 4 with, the
ue .

tters) nrTive in the
E.ﬂ__ﬁrm”nhmu.nwwﬁbmahﬁum-.Hnmau_:h..

AKTU 2019-20, Marks 1
‘Answer _ _
B-tree t Refer . 4.28, Page 4-38E, Unit-4. _

Construction of B-tree: g 7

Inserta, g, [: EHE
=
Insertb:[a[b[f[8] spiit

Insertk,d : ; : . |

sequence ad follows ;

Insertl,n:

Insert m:

[blx]
.

lafd] [f] [blk]m]
Insertj:

[b]E]
ald] [f][h]J

Inserte, s, i:

Insert r:
NEF

ald|e hli

Jsplit




Que 4.32. —

1.

iii.

Answer

i.

L

2,

Data Structure

Insertp:

[nsert €, 5, b F

Why does time complexity of search .q—-nn.ﬁ.emn..: inB-Tree ish _

than Binary Search Trece (BST) ? eltey

Insert the following keys into an initially empt

c-ﬁ—.w-.um - 3 P Y _w-._,.-..mm of

ag bk dh,mjesirrnxel,ntup

What will be the resuliant B-Tree after deleting keysj, ¢ and g; ﬁ
r & And djy

sequence 7

) -
7
, o
R * 1

B-Tree and BST are the types of non-lincar data structure, Ug of
B-Trec instead of BST significantly reduces access time becausg of high
branching factor and reduced height of the tree, as B-tree is g self
balancing tree and it has height log,n where Lis the order of the tree ap
n is number of nodes. . B

a,8.f bk d, homj.e s, i,rx ¢ lin tu,p

= As order = m, . |
Maximum number of keys in a b-tree of orderm=m -1

=5—-1=4 and

m
Minimum number of key = ﬁﬂ.g —=l=

[a[b]f]e]

Insert k and split as node has clements > 4

Inserta, g, f,b

ii
L mum_aﬁc

A e

5 Insert p and split.
L “|,_ -1=2 m goes up and as root has now elements > 5

= " H ﬁ
child, 1(Case 2a) : j will borrow from its left subtree rooted at its &



4—-4TE (C X
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Sem.y

2. Delete t (Case 1) : As all nodes upto the leaf no,

de SEmmabmﬁ by
keys, therefore, delete t. § 7

i Delete d (Case 3b) : Az hoth the

have min keys, we cannot borr
key and merge it with its left

neighbours of pode Containing &g |

ow from them, so we Will brin :..m:r;m_ |
.mmmww.cg and then delete 4. s

T
X

Now [f| has less than 2 keys, sa, we

will bring root node down ang !
merge it with its sibling.

_
Que 4.33. | What is B-Tr +? Write the various properties of B-Tree.

_
Show the results of inser . gthekeysF,S,Q,K,C,L,H,T,V,W ML
N,P,A,Bin orderinto a« nty B-Trec of order 5. _

[AKTU Emn.ﬁ.@_

B-Tree : Refer Q. 4.28, Page ,or, Unit-4. |
Maximum childern = 5 _
Maximum keys =m -1 = 4

(CSAT-Sem-3)
48

nsert F': H

Insert 5 [r[s]

Insert @: [ FlQ]s]
Insert K: E

As, there are more than 4 keys is gp; node

find Meg;

Median= 25141 544

2 "=
Now, median = 3 s
So, we split the node by 37 key

Insert L ;

_’._..x_ D_ ml_ . -

Lel¥]
Insert H :

#

Move than 4 keys
split the node
nlx] =5

alx]+1 _5+1 3 (ie, 3" key move up)

Median = - 2




Duata Structure

K|S
Z
[CFH] lile] e
Insert R :
_mﬁ_m_ y
i
Insert N : AT

%

Lelrle] [LIm~TaTR] ..E

Move than 4 keys
split the node

Median = 3 (i.e.; 3 key move up)

LcIF[n] [L]w] [*TaTx] .-.

Insert A :

a8 [cTr(n] [cv] [Flal®] (Tv W]
Move than 4 keys
split the node

449 E (CS/IT-Sey ,,

»ﬂ.ﬂuﬁ_ﬂﬂ

e

(=2

heap data structure is an 5 s
“.HMMMM_._WEQJE? : .... .nrﬁ._nm:.,_g St
Each node of the binary tree no_,ummvan.nm 5 o et
The array is completely filled on all Hmﬂm_m except. d
We represent heaps in level order

ment of the arTay,

0ssibly lowest,
s wSum m.ns_ left to right.
If anarray A contains key valuesg amnonmm in

a Hu_.m._.m_“f _mnﬁﬁﬁ. 0
total number of elements. ~ [Alis the

Heap-size [A] = mhbr_.nr [4)= Z_E.._um_. of elements, -
The root of the tree All] and given index i of node En E&\Ena:ﬁ
parent, left child and _um_.:. rrbﬁ_ can be co

Euﬁmn

PARENT (i)

return ﬂooﬂ :,_..n_
A LEFTG)
return 2i
Eﬁ:ﬁ A:

s
i

w
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. *Graph -
Qo | Vst Do
(xplain few applications of grap}, Thae "TBh B,

. Agraphisa non-linear daty Structurg
. A graph is a finite sets of v
connect a pair of nodes,
Types of graph :

I Undirected graph ;

a. If the pair of vertices jg
undirected graph.

oﬂwmmh:_.ﬂm cm .
ertices (op Bodeg) T Modes 4

2 Vand set of dg

edgos,
8 which,

:soiﬁ..x__ thep Eraph G i5 talled 4
n
b. That means if there is an edge between .
represented as (v, vy)or (v, .cL also. It i %_..”.H.M__NM M.Mm_ﬁ_n—ub "
Y ? < >y
] Pt

Y

1 vy
Fig. 51,1,
2  Directed graph : . A
a.  If the pair of v
graph.

b. That is, a directed
pair of vertices (y
edge.

ertices is ordered then graph G is called directed

graph ew.ﬁmm._.wuw is a graph which has ordered
1 Yy} where v, ,_.m the tail and U, is the head of the
€ Ifthe Eraph is directed

! then the line segments of ares have arrow
heads Indicating the dir

ection, [t is shown in Fig 5.1.2.

¥y Vg

¥4 bt

Fig. 5.1.2.

aph : A graphis said tobea Eaﬁrﬂ&. graph m._. al Em&mﬂm
Ned with some numbers, It is shown in the Fig. 5.1.3.




Data Structure

A
3
F 4 E
‘Fig. 5.1.8..

Simple graph : A graph or directed gruph which does not hay, any
loop er parallel edges is ealled a simple graph. A self.
Multi-graph : A graph which has either a self-loop or paral]

both is called & multi-graph. : .a._ tdges o

Complete graph : : :

a. Agraphiscomplete graph if each vertex is adjacent 1o s
vertexin graph or there is an cdge between any pair cw:a«w.a;mq
graph. . . €8 in (hy

b. Anundirected complete graph will contain nin - 1V2 edge

Regular graph : . e Ees,

& Agraphis regular if every node is adjacent to the s
nodes. - N ame Number o

b. Here every nods ig adjacent to 3 nodes. ol

_..1_
Planar mﬂ.u—.._w : A graph is planar if it can be drawn in a plane without
any two intersecting edges.’ iR, e

Connected graph :
a. Inagraph G, two vertices v, and v, are said to be connected if thers

ispath in G from v, to v, or v, to v,

b. Connected graph can be of two types :
i Strongly connected graph
. Weakly connected graph

Nz
(2 (3)
(a) Connected graph

Fig.5.1.8.]

{b) Not connected graph

elic graph : If a graph (g;

10. Mwu_mwnn as acyclic graph. hayg
cyclic graph : A graph that rmmﬂ..n? . Euenw....ﬁm it
11. —wmn.u_.:..an_,.mn graph : A Braph wipy uHMEFgmn_ . Uit iy
12 Encuumﬁna gruph. 00 artjey,) ﬁ__aﬂrn.ﬂan?
lications of nu.ﬁn..r : Eszﬁné&
.__.,—uﬂ.m_....__uw is a _.E:-H__.HE.:. datp structys, . a
L %mam:.onm and algorithms, fng jg Useq
Graphs are used for topalogical sorting Presey; Varigyy
M. ;raphs are used to find shortegt .cE._,__m_
; k ired to minimize « )
They are requirca b Nmize same g5
4 among all the vertices in the grapy, Pect of the graph, Fuchas g

% Discuss various nmgmﬂa_oﬂmw wﬁmn :
W M gragy

Yarious E.wn.muahcm.mn..m used in Rruphs are .
Selfloop : If there is an edge :.roum&ﬁs_bw .
o v

I. s
that is (v, U,) is an edge _.m._c.:_ it iy called 5 « ertices are i
2 Parallel edges : A pair of edges e and o owm%wau T Sitaply gy ©
they are incident on precisely the same Vertites ¢ said to be parayly]

3 Adjacent vertices : A vertoy y is adjgee

other vertex v if there is an edge mnnn,.w_ﬂ S.HH__ to (e: the Beighbayr o
4 Incidence:Inan undirected graph the edga (3 11

- b ! 31 !

u and v. In a digraph the edge (u, v} is ,_.J.M%M.M “_.Fshﬁqa;?_mamm

incident to node ¢ 4 from node , and i
6. Degree of vertex : The degree of i .

Dey ' o A vertey js

incident to that vertex, In an undirectoed E.Muuw .ﬂﬂm pLETof edges

connected to i node is ealled the degree of that LR_ ;e of edges

[

[FaRr2]
_ Data Structure for Q...wbh.. Representations - Adjaceny Matrices
. Adjacency List, Adjaeency, ;
-t

Que 5.3, ‘. ]
nl_ Discuss the varigus types of representation of graph.

Twa X

L HMM”..NH Braph representation are us follows :

Eruphs mwmﬂwmmﬁunhzo: : Matrices are commonly Emn_._,b represent

i Emwu.:.. Computer processing. Advantages of representing the graph

Tead;] > :.,,.m on the fact that many results of matrix algebra can be

al 2 ._GE_:..__“_ to study the structural properties of graph from an
N_m_uﬂm.un point Dm.fh._m_.c_.
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Data Structure —

. Adjacency matrix: . . )
b &bm.n tnw.wmnpm:an of undirected graph : The adjacency myyy;

of a graph G with n vertices and no parallel edges is 5 4, , %
matrix A = _nc._ whose elements E.mmgdm: wm. .
— L ifthere is an edge between i'" and /" vertices
= au. if there is no edge between them
ii. Representation of directed _m_.....bur 8 ﬂu_m adjacency Matriy
of a digraph D, with rt vertices 18 the matrix
A= _”a:_,:s in ...._._u_n:. .
1 iffarciy, __...___ isin
=0 otherwise g
For example : Representation of follewing Enmﬂonﬁmn i
directed graphis: _

a

a
u

vy vy Y1 a_.__
A= B=

vy Vs Yy vy
Fig.53.1. Fig.63.2.

ooy vy, Uy v, o v,

(0 1.1 1 v|0 0 o L

fy 4 v, 1 010 B= v, 1 0 1 0

11 0 1 EA LV VI S |

v1.0 1 0 ul0. 1.0 o

b. Incidence matrix 5
L Represcntation of undirccted graph : Consider 5
undirected graph G = (V, E) which has n vertices and m edges
all labelled. The incidence matrix G = (b,], is then n x
matrix, where

b.=1

i when cdge e, is incident with v,

=0 otherwise !
ii. Representation of directed graph : The incidence matrix
1D} = 1b,) of digraph D with n vertices and m cdges is the
i x m matrix in which.
b,=1 il arefis directed away from vertext,
=-1 ilarc/isdirected towardsvertexr,
=0 otherwise.
Find the incidenee matrix to represent the graph shown inFig. 533
| €y vy

——fe

|

¥
e, i L= €y

4 ey ¥y
Fig. 5.3.3.

The incidence matrix of the &mﬁmwr ofFig 4 Qﬂ.._brm
B-433i

I o g _ 1
-1
ID) = V.o ¢
0 -1 1 ¢ -1
0 0 -1 1 0

Ebrnm representation :

:kad representation, the twg

; i I lipetres ; Lodes SUTUCtures a1, Useq -
p. For weighted graph EE

s.._.um.n.m ».wn_.._u._pmﬁ is the m—&n_.nn=nu.q__,m#_._.ﬁ. H_“_H

¥ HTE HmWﬁ s {
adjacent for the corresponding node. ..m_.ww.nxmmi:n: are
The header nodes in each list maintain  Jigy of all agi .
of that node for which the header node js Em..ma“ adjacent verticeg
Suppose a directed graph » o qme

(D (2)

5y
%
i

Fig. 5.3.4. < a4

F:

£

v...The adjacency list representation of this mﬂ...mu.F.

—

J 1 —_—
28 2 J'TEH :
: 3| =0T F=017]
| 1| —=[ZT7
| -G
| 6| S+~

Fig.5.3.5.

Explain adjacency multilists,

| Answep
1 P2 -
7 .m.“n..__._ummn,&. multilist representation maintains the lists as multilists, that
2 g 'St in which nodes are shared among several lists.
r.._mw,mm.mn._u edge there will be exactly one node, but this _E.n..m,.;.m: w_,ua in bwo
The 1he adjacency lists for each of the two nodes, it is incident to.
no

de Structure now becomes

@mugz 1] vertex 2| pathl _ path 2 |
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mﬂHﬂipu
ats Structure

]ll||||||||u|.|||||l||1|||u|l||||’l’l/!

) - field that may be used whether or
MMMH.M“&MH—M HMHDMWMH mﬂnm declarations in C are :
fine n 20 , .

”u,“._%amm..m:dﬂ edge {BOOLEAN mark;

int vertexl, vertex2;

NEXTEDGE pathl, path2;

)*NEXTEDGE;

NEXTEDGE headnode [nl;

ot wmpm

PART-3

Graph Traversal : Depth First Search and Breadth Fipg

t Sea
Connected Component. rck,

ﬂ:lmuw.l_ Write a short note on graph traversal.

Answer _

Traversing a graph :

L

u

iv.

Graph is represented by its nodes and edges

the traversing in graph,

There are two standard ways of traversing a graph.

Cne way is called a breadth first

first search. T

During the execution of our algorithms, each no

of three states, culled the status of N, as fsllows
Status=1
Status=2

, 80 traversal ammmnvdai,
“ 3

search, and the other ig called 4 dept,

de N of G will be

=» (Ready state). The initial stute of the node N,

= {Waiting state). The node N is on the queuegr
stack, waiting to be processed,

= (Processed state). The node N has been
processed.

Breadth First Search (BFS) : The general ided behind a breadth first

search beginning at a starting node A is as follows -

a.  First we examine the starting node A,

b. Then, we examine all the neighbours of A, and so on.

¢ We need to keep track of the neighbours of a node, and that m

node is precessed more than once.

This is accomplished by using a queue to hold nodes that are waitisg

to be processed, and by using a field STATUS which tells us the
current status of any node.

_.b_un._m

Status =3

d.

Algorithm : This algorithm executes a breadth first search on a graphG
beginning at a starting node A.

L

Initialize all nodes to ready state (STATUS = 1).

Put the starting node 4 in queue and change its status to the waiti%
state (STATUS = 2),

bi. Repeat steps (iv) and (v) until queue is empty.

- the front node N of queue. Prog,
ov'

85 N
. B processed state _wmﬁacm =3) and change 1. Statug of
W Nto 1o the rear of queue all the neighbgypg Of N that are ;
_, ﬂmﬁ. _m.ﬁb.ﬁcw = 1) and change thejr statug .&Mwﬂ._hmg ready
wmq ATUS =2)- | 18 state
[End of loop
. End irst Search (DFS) : The general id ;
M H.mm;”cm.mwwgm:m at a starting node A js a5 ?__M”.m_uw?:n a depth firg
geal nm.:.mr we examine the M_.,E.:zm node A, :
8 n, we examine eac node N along 5 ath Py . .
b. Hﬁw js, we process neighbour of 4, Eanﬂ uwﬁ:ﬁ%.ﬂﬂ@? at4;
of A, and so on. R N Deighboyr

e
.p_nnﬁw_ﬂ_..“wa all nodes to ready state (STATUS = 1,
i T“m_. the starting node A onto stack and chanss
state (STATUS = 2). Y
Repeat steps (iv) and (v) until queue is empty.
Pop the top node NV of stack, process N
processed state (STATUS=3).

This algorithm uses a stack instead of armg..

Ange its status to the Waiting

and change jts status to the

. Pushonto stack all the neighbours of N that are still in t1i ready sta;
(STATUS = 1) and change their status to :_.?sm.:._.mnm__n_am
(STATUS =2). ® £ thoyaitin
(End of loop] _ ® L5

W End,-.

el _ Write and explain DFS graph traversal algorithm,

; Qv
Wrile DFS algorithm to traverse a graph. Apply same algorithm

?_“.n_ the graph given in Fig. 5.6.1 hy. considering node | as starting
e, Ny

; .m..mn..m.m.p. i

~°.._-m..sm.-. :
DFg.
N

Refer 3. 55,1
Umerieq) Cr&ﬁ.n
19 7
Mr.v 3

'age 5-7E, Unit-5,
ency list of the given graph:
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-
—my

9.

3-5,4,1
43— 6
5—4
62,51
el ..Mq ATUS = 1 for all vertex
Initially set ST/ = -
Push hﬁ:no stack and set their S5TATUS =2

]

FPop 1 from stack, chang
Push 2, 7 onto stack and ¢

2] AL, |
Pop 7 from stack, Push 3,6, DFS=1, 7~ N

Pop 6 from stack, Push 5; Um.ﬂ...u 1,7, 6

e its STATUS =1 and .
Hn-m._n._m«_u their m_.”—..huer.__l.__m = Mﬂx Hum.m =1

m B
3 ; %
2 e i S |
Pop 5 from stack, Push4; ~DF5=1,7,6,5 _ | |
Ipl ¥ |
3]
-~z |
Pop 4 from stack; DF8=1,7,6,56,4 . .
T _ ( v
2] .

..—ucﬁ 3 from m.ﬁ.b.nmn“ DFS = H.- m.. mq m- h._ mw, £
2]

Pop 2 from stack; DFS=1, 7.6,5,4,3

| i ; 517
Now, the stack is empty, so the depth first traversal of a given graphis. 7

6,5
Que 5.7.
First Tree for the above graph.

, 4, 3.

adh
Differentinte between DFS and BFS. Draw the bre

Ew.m-.mnam ]

DFS stands for depth first
gearch.

m.m_.m Stands for breadp,

search, first

DES uses stack data structure.

BFS uses queue data structure,

G o
L

|G
2

s
3

DFS is more suitable when there
are soluticns away from source,

]
_wm_m.ﬁ_a:m suitab]e for searhj ng
vertices which closer to given
source. ; Al

4 Consumes less memory.

Consumes .._.b_u._.m memory. _

5. /| Not guaranteed to find the
shortest path.

Guarantees the shartest path u.n.__

““Numerical :

'Fig.5.72.
Step1: Starting from source nodei.e., 1

Result ; _H_

As, node 2,5 and 3 are adjacent to node 1

ﬁﬁ_ﬂmmmﬁma graphs.
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Step 2 : Now traversing node 2

Queue 65134

Result @ E

As, node 4 is adjacent to node 1.
Step 3 : Now traversing node 5

1| 6

Queun: 3

Result ¢ HHH o
As, node 6 is adjucent to node 5. L Wy
Step 4 : Now traversing node 3 B
ﬂcnzcn_\w\_\m\_\im_h_ﬂ - .
Result:1,3,5, 3 % L

No node is adjucent to 3. - :

Step 5 : Now traversing node 5

queve: (P Z LA Ao 5]

—fwmﬂ—:_ _.ﬁm_m;.m_..__l_

Node 8 is adjacent to node 4. P

Step 6 : Now traversing nude 6
sl7]9] - |

Queuc: | 1 8] 5T 47 67
Result:1,2,5,3,4.6 d
Node 7 and 9 are adjacent to node 6. W
Step T: Now traversing node 8 feEs)

Result:[1[2]5]3]4][6[8]7]09]
Node 7 and 9 are adjacent to .ucmmm 6.

ey

Implement BFS algorithm to find the shortest path fron

node A to .

D —

J K
Fig. 5.8.1.
OR .
Explain in detail about the graph traversal techni
suitable example,

ques wil

b

m-3)

.Se
1B s Graphs
4
\.__&M\._ two traversal techniqueg ;

h..._m__ Care the FS) :

f b...-___:.__n - st mﬁ.ﬂﬂﬁ._—u (D ) : Refer ﬁm mmu —U.W.Wm .ml._um“ ]

1t wn Refer Q- 5.6, Page 5-8E, Unit 5, Uit

b geaotP First Search (BFS) : Refer Q. 55, p
. To find the shortest path from ngg

list of the graph is:

r,C.B

mﬂﬁ. ml.u.m. C__....m_...m
¢Atonodey,

G

e

unoomama
o
[

i EG ;

Jnitially set STATUS=1 for all Amﬂmx. .

Now add ‘A’ to Queue and set STATUS = 2

o A 3

mﬁ.“ﬂ_”n_.,m A from Queue and set STATUS — 3 5

and add F, C, B in Queue and change their STATUS = 2

BFS = A Queue: F, C, B . o,

Remove F, add Din Queue P s

BFS = A, FQueue=C B, D, )

¢. Remove C,add F, but F i5 already visited. So no vertexwill e added in
this step

o

™

[

BFS=AF, Queuc=B D" :
-Remove B, add G, BFS = A F,C, B, Queue =D, G
Remove D, BFS = A F, C, B, D;” Queue = G

Remove G, add E, BFS = A, F, C, B, D, G, Queue=E
Remove E, add J, BFS = A F, O_.m_h D, G, E, Queue=J
Remove J, BFS = A, F, C, B, D, G, E,J

Jdis our final destination. We now back track from J to find the path
from Jto A - Je—EB e GeBeeA

e e | Write an algorithm for Breadth First Search (BFS) and
explain with the help of suitable example.

[AKTU 2020-21, Marks 10]

‘-"r‘l_:r‘:gq 3]

techp: Mustrate the importance of various traversing
—_H_.— .
®%1n graph along with its applications.

o _w._,_,...ff. -
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Va
1.
2.

rious typoes of traversing technigques are :
Breadth First Scarch {BFS)
Depth First Search (DFS)

Importance of BFS:

h:.mcnac:rmmm:mhmmc:;am_.__clnm..ﬂ.m:._m__moiﬁvhzmqmc m:m -
compute the shortest path. Sed ¢

2. Itis also used to solve puzzles such as the Rubik’s Cuhg,
J.  BFSis not only the quickest way of solving the Rubik' Cube, 4,
the most optimal way of solving it. * Mtaly
Application of BFS ; Breadth first scarch can be used {g solve map
in graph theory, fur example . w.ﬁEEQ.E
1. Copying garbage collection.
2. Finding the shertest path between two nodes u and U, with p,
measured by number of edges (an advantage over depth mw.mﬂ,_ _E_.a.:
3. Ford-Fulkerson method for computing the :.,EEE.LE 1l St search
network. W in a flg,
4.  Serialization/Deserialization of a binary tree vs serialization i
order, allows the tree to be re-constructed in an efficient :M__” iN sortey
5. Construction of the failure function of the Aho-Corysi _”55..
matcher. MK pattery
6. Testing bipartiteness of a graph. _
Importance of DFS: DFSis very important algorithm as based y

there are O(V + E)-time algorithms for the following problems :

1.
2,
3.
4.

5.
App

Pon DFg,
Testing whether graph is connected.

Computing a spanning forest of 5.

Computing the connected components of G,

Computing a path between two vertices of G or Teporting that no such
path exists,

Computing a cycle in G or reporting that no such cycle exists.
lication of DFS : Algorithms that use depth first search as a buildig

block include : :

et

M

. d
Que 5.11, _ Define connected component and strongly connecte

component. Write an algorithm to find strongly conpec

Finding connected components.

Topalogical sorting.

Finding 2-(edge or vertex)-cannected components.
Finding 3-(edge or vertex}-connected components.
Finding the bridges of a graph.

Generating words in order to plot the limit set of a group.
Finding strongly connected components.

ted

components,

onent ncﬂ:mmﬂmn— tomponent of an undirpete

1, any two vertices are connected to egel, othe

tod to no additional vertice

d component: A directed graph is stropg)
-con all pairs of vertices. A st

: between & ; rong co

cronf ?_.MT_‘E:*“_M connected vertices of subgraph,

nam_.mcr is
: T by pathg
sSinthe g '
o FoF L connee '€ super grah,

ncunmn:.. ¥ tonnecteq

Mponent ig 5

e

m.?&_.p._
F_“r_____ . Qﬂmﬂrh—.- ; iyl

m‘a aju m_..s“mu..mu u of the graph, mark  as unvisited. Let Z, e

, For .m.pn: certex u of the graph do Visit(u), where Visjt(y)

Ewﬁ_mn_ﬁ u as visited. A
w For cach out-neighbour v of u, do Visit(v),

prepend u to L. Otherwise do nc.n_.z..hm.
wﬁmmnr clement & of L e arder, do Assignfu, i) where Assign (i, root)
”__ isthe recursive subroutine. 1fu has not been assigned to 5 component
w&na..w._wmwwn u as belonging to the component whose root is rogf.
b For cach in-neighbour v of 1, do Assign (v, root).
otherwise do nothing.

PART-4

Spanning Tree, Minimum Cost Span ning Trees : Prim’s and
Kruskal's Algerithm.

hset T
| .“.nu_mcw:r m is used to find strongly connected Components iy, 5

: empty,
1 15 the recursive
&

E_nm._u..___.ﬁ;.,.mcwe:an:: _uuimm.nﬂnmunngmﬂnm.umumnz-ﬂ
spanning tree ? TR :

Answer _

Spanning tree ;

L A spann! .
i”_wﬂmuﬁw fr¢e of an undirected graph is a sub-graph that is a tree
L e tontains all the verticos of graph.
o n ] -
the mm%“u ,m,.w:‘m ofa connected griph G contains all the vertices and has
Lless ) ich connect all the vertices, So, the number of edges will be
i Egraph 20 the number of nodes.
n-| :.:,.HM not no::m..nﬂ.&. ie.,a graph with n vertices has edges lessthan
Phnget Ma SPanning tree is possible,
Um - Sraph may have more than one spanning trees.
L, I m—uﬁ“—.::n.—m tree :
&raph, a minimum Spanning tree is a spanning tree that
Weight than all other spanning trees of the same graph.




¥
W_‘.—.ﬁ.-mm_ﬁ—.ﬁ”_ mﬂﬂﬂmﬂu
— TP
Data Structure 5-15E (CHAT. n_n
———Semg, | !
2. There are number of techniques for creating a minimum Spanm; 9
for a weighted graph but the most famous methods are mpu..u..“a.m ey
Kruskals algorithm. B ng
Qua n..._.u.._ Describe Prim's algorithm and fing the ¢
: o
minimum apanning iree using Prim's Algorithm, st or
, Bl as only B vertex is left.
.-._Hf.,ni. nw_._u&m;... H....._n_uhm ¥ - ._h.._..n_
siep 4’ &) 2 >
Eima:_.dnumﬁua+m+u+m.nm
&0, : o N
Answer - i - what is spanning tree? Write down the Prim's algorithm
a=—y g o : 14: : . . .
Prim's algorithm : - . n_im . mipimum cost Spanning tree. Use Prim's algorithm to
First it chooses a vertex and then chooses an edge with smal w0 %Hﬂ:ﬂ&pﬁu cost spanning tree in the following graph :
incident on that vertex. The Emﬂﬁmﬁ w..._: involy ) —..-_._h.ﬁ._____..m:'H Steps : d._r_. .enﬂ__..m_un n._..._wn :
Step 1: Choose any vertex Vief G, :
Step2: Choose an cdge e, =V, V, of G such thay V. , V, and s :
smallest weight among the edge e of G incident with yr. * 0 ©: bug 4
- i h 4 i
Step3:Ifcdgese, ¢,. ..., ¢ havebeen chosen invelving end poing, E
Vo oeniatifi; V... choose an c.ﬁ_ﬁ.mm:u = ....”_.ﬂ.m withV =(v \ L P . #
Ve 1V, eV such that e, has smallest weight _:rn:ﬂzpﬂ_amﬂ & Fig. 5.14.1.
of (¢ with precisely one end in (Vo eN A _v._.l_. ee : i

AKTU 2022.
Stép4: Stopafter n - 1 edges have been chosen. Otherwise goto st . _ 23, Marks 10 _

Numerical : 2 Pl

Answer _ . |
Spanning tree : Refer (. 5.12, Page 5-14E, Unit-5.
Prim's algorithm : Refer (. 5.13, Page 5—15E, Unit-5.
Numerical : .

Fig. 5.13.2.
Step 1: Choose edge (A, D) as it is mimmum.

Step 2 : Choose edge (D, C) as minimum.

: ﬁ.

I—— ) )



Data Structure
-

Hﬂﬂﬂqmﬂ waﬁunm node. mmunn&unmn _ﬂ_..m..m.n&mﬁmhnm rﬂ,,...nn: nanm G .
is minimurm "

1 3

2. Now, select edge (B, C)

_@m

3

3. Now, select edge (C, D)

5  Now, select edge (E, (3)

6. Now, select edge (G, F)

minimum cost of spanning tree
=3+2+142+14+1=10

Que 5.15. _ Write Kruskal's algorithm to find minimum spanpinf
tree.

Answer _ _
Ilest weight |

i Inthis algorithm, we choose an edge of G which has sma
among the edges of G which are not loops.

gl
Lorithm gives an acyclic E._rmqm_ur To

£ and th,

s algoTte o :

w mw_:s. proves that Tis minimal spanning ;. O G, Fefjpy 0"t
i ._._—"..&. ; et _u_.j.“_.— ven
red" " Choose ¢, an edge of €, such, tha “WitPrare

p 13 :
Step as _..n.m:mw_m and ¢, is not g Ioop. Weight amm“_d i

_._... .__
t'l5ag
1fedges €, €y s &, have hopy ma)|

. 2: 5
Step g, MOt already chosen syel; _:m_iaﬂ& then chogse ang
i. the _.:a.cnmn_ subgraph, Glle,. o i dge
i wie, ) isassmallas posgiple 17 3¥elic g
q: If €7 has n vertices, stop after n-1
Btep Otherwise repeat step 2. mn.mm...m have beer, n..aomm..._

1 be 8 weighted connected graph in which the weight of ¢
! negative numbers, let 7' be a subsgraph of ¢ opy
:.,”n_i:w:._ then, T'is minimal spanning tree. ;

Ah§

Que 5.16. u Consider the following undirected h_.wE_

he edges oy a
ed _u..r. _.n.ﬂ_..mr....__..m

| Fig.5.16.1, :
a. Find the adjacency list representation of the aph.
b. Find a minimum cost spanning tree by Erugkal's ..,__.m.cn.“_..u_

Answer _ TR

' §

N Egil kg BEER

Fig. 5.16.2.
b Eruskal's algorithm :

L Wewill chuose e = BG as it has minimum weight.



.Sem-3)
E Hn% Se Graphg
-ﬂlu—w M Aﬂ.m: E_
Data Structure H.wmﬁ ) -
) =
ii. Now choosee=ED. " .C (s wmm.m.... hoose edge = ¢f as it has minimym Weight,
A A Sewille
Sl __ ® ®

F _E .
iii. Choose e = CG, since it has minimum weightg.

u<o @ @ °

iv. Choose e = GD.

P, W choose edge = cd and fg as it has minimum _.__qmmmg...v..
e D e
A |
v Choosee =EF and discard BC, CD and GE because f _
B .Q. . g E.ﬂ..ﬂn_m_ _
A 2_p |

F 17 E 2 P _
vi. Now choose e = AB and discard AG,FG and AF e o . . _
cycle. Final minimum spanning tree 2 o Yhm

is given as - .
B C !

F 17 E.
Fig.5.17.3.

_
Que 5.17. _ Find the minimum spanning tree in the following graph |
using Kruskal’s algorithm :

&

|
N _
_

1 Now choose edge = eg

kall] |
AKTU 2019-20, Mar _




e

Data Structurc

5. Now choose edge = bd and discard be, eg, de, df, be ang
form cycle and we get the final minimal spanning tree gg

Que 5.18. | Discuss Prim's and Kruskal's m_n:..n.:r.
~ m.’

minimum spanning tree for the below ve
algorithm (Source node = a). _w...._. n ﬂnﬂn&u usj

Oaﬂu_.gﬁ
g Priy,

Fig 5.18.1.

Answer _

Prim’'s algorithm : Refer Q. 5.13, Page mlwmm. G:F.m
Kruskal’s algorithm : Refer _M 5.15, Page m[:r Unit-5.
Numerical :

'Fig. 5.182..
Start with source node = a i
Now, edge with smallest weight incident onais€= ta, ck
So, we choose e = (a, ).
Now we look on weights :

Graphs

m._m. mhm u..
I )= 3. ..dc choose e = (¢, &) .
Pn Eq.u um E_..H_W_ m.-
.m minim e d) = .
.&.m._w_._...._ _..b_.ﬁm. hﬁu m . Y p
wie, b)=

Fig. b. 18.4.
Since HBHH_B..E is ..L.L..N & — “w. we OTOQM.O e = ﬁ& n.mv

'Fig.5.18.5.
Now, w(d, p) = 7, we choose wid, b)

Fig. 5186,




im’ ithm to find a Emﬂﬂ. o
e 5,19, | Apply Prim® algori 12 minimum g,
. cighted graph as ur..us.n below.
b By ¥

4 R
tree in the following 5 d |

I

L]

Answer _ A Y.
stepl: Starting from node @ finding minimum weight edge from
i hT: ; ' _

: . a & / 4,

m...m,ﬂ. m..—m..ﬂ. _
Step 2 : From node b minimum weight edge is 5,el=13 |

b
2 3 |
a e

Fig. 5.19.3.
1

=

Step 3 : Now from node ¢ minimum weight edge is (e, d) =

b d
\AH
a e __

Fig. 5,194,

We construct the transi

_ Now for traversing nommnmsa aisy
E..u.* : 7c.u_ (a, Y ns_gca%ﬁ_aﬁ 2
Wil be

m_. 7 =200
4
Fig. 5195, .
||||I.|.Fl|.|li...ill|.
itive Closure and .w.melm_ﬁ Path Algorithm - W,
Transt Algorithm and Dithstra Algorithm, o

o 5.20 Explain transitive closure, -

[Answer : .
; -ansitive closure of a graph G is defined to be the graph & such

The t _
that G’ has the same nodes as G and there is an edge (e, v)in G'
whenever there 1s a path ?.3 b, toe, in . .

Accardingly the pathmatrix £of the graph G is precisely the adjacency

matrix of its transitive closure G'. :
The transitive closure of a graph G is defined as G* or G" = (V, E*),

E* = |(i, j) there 1s a2 path from vertex ¢ to
vertex jin {7l
tive closure G* =

where,

{V, E*) by putting edge (i,

into £* if and only if £, (n) = 1.
The recursive definition of m..ut 1s

o _ [0ifi=jand(ij)eE
¢ N:w,_..l.,‘_aﬂ_._ﬁ.r‘;mm.

and for k> 1

&) . = =
. ﬁ.__ﬁw Uy (1 )

by

Que mhuﬁ Write down Warshall's algorithm for finding all pair

shortest path,

OR

muu...._” ' i
ain #Emu.—m-.—_”.?. M——W.D-.u._:uuﬁ— with -Hnm. Hn-uum..- Oﬂm.ﬂ EE“.HG..
AKTU 2019-20, Marks 10




Data Structure

Answer
1. Floyd Warshall algorithm is a gra
- : , ph analyy;
shortest paths in a weighted, directed mdm,_._ﬂm_m m_moz:._s
2. Asingle execution of the algorithm will m.E_M p.r for i
all pairs of vertices. ¢

= 2o (o 3§41 . E
M. Mmcnm‘ mm:n Qﬁuwﬁm_ﬁrmg Vis the numpey &) i |
3 egative-weight edges Euwgunnmanrrcnﬁc Crticoyj,
are no negative-weight eycles. shall ﬁmcam:_a WﬁE
5. The m_maﬂ,.ﬁg considers the “intermediate” Sadis :um:.f
where an intermediate vertex of a simple ﬁmn_.p:_nam of g Shoryg :
vertex of p other than v, or v, that is mbn_..c:cm.._.;_ ﬁ.EH
{3, Vgprees Uy oF Taertegyl, hSu
]

6. Let the vertices of G be V = {1, 2,
i1,2, .., &k} of vertices for some %.

7 .m.,_c_. any v.m_.a of ccw:.nnm i, j € V, consider al] _._m._._. by
intermediate vertices are all drawn from {1 9 s from 0wy,
minimum-weight path from among them, k), ang lot 1,

; .

] -
8. Let d"be the weight of a shortest path from vertex itoy

all intermediate vertices in the set (1, 2,.. k).
A recursive definition is given by X

R ; g
), and Conside, ay
i

ertexjy,

x w, _.wm.h_u.. 4

'3

VT | min@f Y, dE Y s dd itk

Floyd Warshall (i) :

1. n«rows [wl] :

2. DO w 3
3. forke«1lton \ s
4, dofori« lton

5. doforj« lton

6. dod) « min(d™", diF P wdyat)
7. return D"

Que 5.22, _ Write the Floyd Warshall algorithm to compule thedl
pair shortest path. Apply the algorithm on following graph:

Graphs

-3)

LSem
m.gm_.nm:a
<] .thm : Refer @ 5.21, Page 5-24E, Unit-5.
! __?nmﬂ,n._,_.uhmr:__ n_nnmu.nc_,..n this using Floyd Warshall algorithm because

A5, We cannot =
¥e . gl d.

ﬁ__%%_%: js undirecte N i :
.Rﬁ...aum._. |y the Floyd Warshall’s algorithm in above
[ i

Apply
qoe 555 | (i in Q- 5-13)- [AKTU 2020-21, Marks 10 |

] ﬁ.n_. h.ﬂﬁ.ﬂ B
Bmﬁw__u_..—
\\ma\w\__ : - the Floyd Warshall algorithm as the
.h.ru“u?" colve the above graph using ¥
H_thm%m.:mnaa. 's. algopithm for findi
i ij orithm for findin

?mah._. write and explain Dijksira’s algol E
grortest path- OR

explain an algorithm for finding shortest path between

rite and )
_”““ ”s.a noedes of a given graph..

i

.\....I..lm.uu_am.u. |_ ; ,
is agreedy algorithm that solves the single-source

. Dijkstra’s algorithm, es t .
mw._onmﬂ path problem for adi rected graph G = (V, £) with non-negative
edge weights, i.e., we assume that wiu, v) > 0 each edge (1, v) & E

Dijkstra’s algorithm maintains a set S of vertices whose final shortest-
path weights from the source s have already been determined.
That is, for all vertices v € S, we have d|uv] = 8(s, v).
¢ Thealgorithm repeatedly selects the vértex u & V-5 with the minimum
shortest-path estimate, inserts i into S, and relaxes all edges leaving i.
e We maintain a priority queue @ that contains all the vertices in
-3, keyed by their d values.
Graph G is represented by adjacency list.
. c_.._rm:_.u.u, always chooses the “lightest” or “closest” vertex inV-Sto
isertinto set S that it uses as a greedy strategy.
DIJKSTRA (G, e, 5)
_wz quﬁm-mEmrm-mocmom (G, 5)
—
Q« Vg
while R=¢
lou  EXTRACT-MIN (@)
w =80 ()
ﬁ_ocq%wﬁﬂugz v e Adj [u)
(u, v, w)

i

Lrs

2o R

__Q.?_..ﬁﬂ/fu



Data Structure
Graphs

Quo §.25. _ Describe the Dijkstra n_w.n_ﬂ.._rnn .
© fing
the

E1H

path. Find the shortest path in the followin §
as source vertex. Egrapy wigp e
_fa.._.. it 5=18,C}
iy Q:SA CBRBD
@e = = =
w@ - -

8 8 14 7
|III||_ S=15,C,D) -
Answer _ Q:iSACBD
i v i) =
Dijkstra algorithm : Refer Q. 5.24, Page 5-96F 11 Enu ey

; ge 5-26E, Unir.n 5
Numerical : » Unit.5; P
Initialize : )

ha . s-ts.c.p)
.% Q:8 A C B D
B @E m m =
10 [E] - -
B 1 [
13 o7
S={s| : % £
Q:SARCD
JO= = et $={8,C.D,A
; Q:8'A € Bib
F @&.”;..H r
£y ..””,\.—D@ - =
@y @ w0
5=(8) 13
Q:5ACED
. B.r woTor
B 105 - =
S=158,CD Al
\ Q:8 A C B D
_H_n o m @
w@E - -
L& 14 [7]
5=150C) . g .
QR:5A C B [
E_ﬂ o ® B
wE - -
‘ 5=18,C.D.A B}
Q:sA CBD
\ E_ﬂ
_

Ele o=




Data Structure

5-29 E Aﬁm_;.—..
Que 5.26. | Use Dijkstra's algorithm to find the sho

Soug

Ttegy F:_:

TN

source to all other vertices in the following grapy,

Answer: _

Step 1 : Assign cost to vertices considering a as the soure,
. s Tide,

(]

Fig. 5.26.2.

Step 2: _O_.nw_nﬂgmr.. minimum cost for neighbors of selected source.

12

Fig. 5.26.3.

Graphs

Fig- 5.26.5.

27 _ﬁ_-..:n ..._...5 Dijkstra algorithm for shortest path in a
wﬁn .m.hmo. :H:._. the shortest path from ‘S’ to all remaining
Mﬂm%ﬂﬁn graph in the following graph :

M-WN- MvN,‘NoH -

[AKTU 2022-23, Marks 10

Dijkstpg algorithm

t Refer Q

. 3.24, Page 5-26E, Unit-5.




Data Structure

Numerical :
Initialize :

; 5 =15,C, Al
Q_mbmoumm,
[0] ® © o ® © =
3 HHBSm
B = & 3.« 6

5 =(5,C, Al
QS ABCDETF
@Buﬂ.ﬂvuﬂﬁ_nﬁ
3 HH_BE¢
HS d = 6
6 1 = 6

§'=1(S8,C, A, D}

|S A BCDEF
@SEBBSS
3 2@ » = s
2] = 3 = 6
6 E.Bm



Data Structure

(D) :

All edge leaving

mmhm... Write and explain the Plove

W

que
' m.mn. m—ﬂﬁ-uuﬂ-wm». u.-m—.ﬁr. cmm. th mﬁw—-wh_.._... :
the s e ¢ Flo 3 algary
—pbu,ﬁmmﬁ Huun..—.— among all the dwﬂﬂuﬂmﬂ.mh .anu EDH.WTHH— an:ﬁ.ﬂgﬂ.
§ p m the gi,. ..m._wanmrs ng
° :mwnvr" _.omu.n
5 )
B g =18,0 A 0%
ehert BB
IE Answer. . _
H- BowWow ow g ﬂﬁ- o % : A _..
; z vd Warshall algorithm : s s T
3 =2 = =g : Znamlnﬂu : mfsliefie): m.m.a._..\.muwmm.w.lwum Unit.z
712] = 5) ve ) ! B >ME, Unit5,
i [ E x g .
6 @s .
(6] §

§'=18,C, A, D,E,B.F F
g &y day Dy L0 Elmh :
S ABCDEF (24 8.2.
E.ﬂ#ﬂﬂﬁa 1 2 3 4
3 w[2] = =6 1fjo0 3 = 5
2] w 3 =6 h.oum 2 0 o 4
s @=° 3= 1 0 =

6 4] 6
0] Im 4l = 2 0




M o

: L
m-s-uwcmwwogw

o e o WO W g o w oW
nio i o @ § 8

gk

fia . St nw.w
s data S o Stacks
% s nked list
‘ _E__ A2 4. Lan
.... ueué .ﬁ-n—u.bnﬁm .
w%mm_én.. data stry % : raph
i
Tree : |
1 o
inC:
{ are the data types used
E Hﬁ types used in € are B
.E“,. primitive datd types
= rimitive data types
3 Voo primitive atats

: . orithm. o . .
. ?M:MWHW a step-by-step finite sequence of instruction,
s %ﬁ. moﬁ&_.n_%:am computational problem.

|4 What are the characteristics of an algorithm ?

fz& Characteristics of an m._.m.o-..m:u.ﬁ are :
1 It should be free from ambiguity.
L N should be concise.

3. It should be efficient.

E Define complexity.
Asg .T.Qm SﬂmHanm»w
the running i

of an algorithm M is the function ) which gives
nterms of the

e and/or storage space requirement of the algorithm
! s1ze n of the input data.

&, Defing ti

—En L3 -
5 algorithm, complexity and space complexity of an
: .H__.:E 1
mplexity : Ty &3
Wrun g ncEEm«ww:,.?n-c complexity is the amount oftime it needs

A
J, %ﬂ.ﬁﬂ&zﬂ. =



sq-2E (CSAT-Sem D) “Maky 0,
|||l|1|.l|l|.|-|l| = L 3 = ] 1
Space complexity : Space complexity iy the Aoy PR b,
—..51.. _n

ceds to run Lo completion.
pH

what are the merig, .
structures 7 nd g,

Merits of array ;
1.7. Definetime-space trade-off.

?b.d.. Array is a collection of 2...3&..

Ang: The time-space tradeoff refers to a

" Hence, multiple applicagj,, = fai
He ﬂwu.m.ﬁ T
. choice betwg, 2. data tyPe ATE representeq p,. king)
solutions of data processing c._.nr_mnn.w that allgy, M%nwwﬁ.nf. pemerits of array ; ]
running time of an algorithmic solution by Eﬁﬁﬁﬂn :Mﬂmmg ¢” y. Linear E.qu.ﬁ.m mam statie Slructurgy -
store data and vice versa, :Ef... " cannot be reduced or eXtendag ey
previous knowledge of nygp, - ol ey
1.8. Differentiate nrray and linked list, 2. LeCessary. ey e
19 How €AN ¥OUu represent 5 SParse o
1
Ans
TR |

There are two ways of re
1 An array is a list of finite

& AnE ' representation
Alinked Yist 35 aling; o ..ﬂ._“. Array repre ; | .
number of elements of sume | of .”._mf,_ clementg S:EFQH,_F 13 List the various operationg onl
data type e, integer, real | which are COTnCcted by zp””f_ L
orstring ete. : b

y | V 4 J\ﬂﬁ.-wn-r_.t c—.u—-uh.uﬂmﬂﬂ.w. O —...-H—.r..mn.— :.F#
2. | Elements can be accessed | Elements tannot ha ategy: vw._“.. Insertion at .ccwﬁu.:_m :
randomly. randomly. It ean e BCCosseg 9, Insertionatend
sequentially. S g 3 Deletion at beginning .
L : : T o e .F. Deletion at end A
. } i 5 Deletion of an clement at specified locatjon
19.5Write dowhehy —ua:ﬂoﬁ.“mw sm._,.,.r En.-.m.nn _m_umnb..m..u_.m.m (ADT, 6. Insertion of an element at specified location
e ies of Abstract Data I'ype (ADT) : =4 P : i
gmw. ﬂﬂwmmﬂ_ﬁ_ simplify the description of abstrac, &@1955& il 114. Define best case, average cage and worst case fop E_p:m#w
_ - and evaluate data structure. Pbom i _ © the complexity of a program, ARTO 202223,
. b g { >ptual tool in s and design by gy \ i
i It is an important conceptn ! ¥ Cntry) o ¢ 1 Best case is the funet hi e
. \ Ani. Best caxe : Best case is the function wl ith performs th
_ methodologies for software .wm.dm_:v;m:._: number of step on input data of element. S the minimun
. : Average case: Average case analysis we table all possihle ingyyy

| 1.10. Differentiate linear and non-linear data struetyres. and caleulate the computing time for all of the inputs, B

_ Ani _ Worst case : Worst case analysis calculates the upper bound g

| £ No. | Linear data structure f Non-linear data structure _ the running time of an algorithm,

_ i - M__# is a data structure whose | Tt 1s o ‘data stracture whos ._ L15. What are the advantages and disadvantages of BITAY ayer

: e . i v t form a sequents,| . .
_ elements form a sequence. | elements do not form a sequ _ linked list 2 j?ﬂ.ﬂd 202223, Maris 02|
H 1 o =1k gy —

I 2. |Every clement in the | Thereisno unique predecesst AR Advantages :

_ g:.: cture has a unique | unigue successor. _ 1. .Fm.un—ci access ; Arrays allow direct accesstg any element using
H ; decessor and unique Usindex but linked list do not provide random accessio elements,
£l PLE: ! Z Memory efficiency : Arrays have o smaller memory overhead
q Successor. i naar datd _ Compared to Hw:_..pcn_. lists
il inear data | Examples of non-liné b Disady .
| # 3. Examples of linear data } & es are trees and greps L Fia ovantages
g structure are arrays, linked | structur _ _ . m_.hna.uﬁa ' The size of an array cannot be easily changed
__ / :m:r stacks and queues. _ a Yhamically b
4

ut is linked list size can be changed dynamically.
[

)
A
ALk AE v L ?ﬂ’l|
I T PR LR G MY



SQ—4E (CSIT-Scm-3)

1.18.
RS

Insertion/Deletion : Inserting or deleting
can be inefficient and :.nn.nsam:ut:m.

List the advantages of doubly linked list o
; Ver Bin

L i AKTU 202133
:Mﬁ___ns ing are the advantages of doubly linked )igt 2D
It allows us to iterate in both directiong,

We can delete a node easily as we have access o j

Reversing is easy. SR L0 preyigy, nug
Tt can grow or shrink in size dynamically. o, g
Useful in implementing various other mwg structures

list.

gle r.B.E

3 gﬂk—nu ®
Tsing]g lirkegy

Define pointer.
Pointers are variable which can hold the addr |

: s
Some of the examples of pointer declarations ﬂwﬁbﬁ:ﬁ
int * ptrl; : :
float * ptr;
unsigned int * ptr3;

varial,,

Differentiate between array and pointer. 59,

S.No.

Pointer Irl,}_

Array

—_—

Pointer cannot be initialized at

definition. _

Array can be initialized at
definition. ?

2

Statie in nature. Dynamic in nature.

3.

It cannot be resized. [t can be resized.

1.19.

S

Differentiate between overflow and underflow condition in
a linked list. i

S.No.

(0] {.Aub.._:.cﬂﬂ k Un ﬂﬂﬂ:ﬂr_mll
when

Overflow condition eceurs in | Underflow condition occurs ! :
linked list when data are|we delete data from empty linke
inserted into a list but therce | list.

15 no available space.

]
1ked list underflow occurs whe

In linked list overflow occurs | In Lin 4 there is @

when AVAIL= NULLand |START = NULL an
there is an insertion|deletion operation.

operation. \\\\\

1.20.
Asia

Write a function to reverse the list.

node * reverse (node * pji
node *q, *r;

; ds in increasing order of
. typical boun
;, Rank the ?_._Mﬂuo.wnam‘wx:av. o), O(n*log n).
7 powth e [AKTU 2021-22, Marks 02

)< O(r? log n) < O(n*)

1) < Ollog 7 ici
e 1< mateix: Suggest a space efficient

ace matrices.

[AKTU 2021-22, Marks 02

pe a sparse

fi
18 DellR” tation for sp

repre

_...._nm_uw..mm Ew:.mu mmtmamm.m.ﬂmﬁlnn«m,mnw s_c ._ﬁm,:.?mm mném:nraom”
ofthe elements of the matrix have zero valuc. §
Representation of sparse matrices : Enm..u.. representation :

{ In the array representation of a sparse matrix, only the non-zero
elements are stored so that storage space can be reduced.
i Each non-zero element in the sparse matrix is represented as (row,
eolumn, value),
ii. Forthisatwo-dimensional array containing three columns can be
- used. The first column is for storing the row numbers, the second
‘wolumn is for storing the column numbers and the third column

“,%_”m%_w; 9_“._ value corresponding to the non-zero element at
To%, column} in the first two columns.

123, Whay does the follgw

; . ing recursive i ive
Linked 1o with first function do for a given

node as head ?

”dE fun 1 (strueg node* head)
g NULL
1 (ke
w;uhﬁﬂ“ﬂﬂ%“;mvnmnm:
Ay Mﬁwggﬁs St o [AKTU 2021-22, Marks 02]
123 Ve Linked Lis i reverss moorey o1 ordor. fun10)
: s 15

55->4-53.22.5 ],

©ee
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2.1. Give some applications of stack 7 ‘/

Ans Applications of s
: stack are :
i Infix to postfix conversion.
. “.Ev_cn.:v::nﬁ function calls, .
il Page-visited history in a a.._.cw b
= E 3
iv. - Undo sequence in g text n&nan.czmmq.
22. Mention the limitations of stack usjn

ARL Limitations of stacks using array : E array,
i The maximum size of the stack once defined
. Trying to push a new element into a full st

condition.

nmgu._._.m.w .... o

ack causes an overtl,
| OveH] g

nh.:.:_a.no&mmﬁmnwo:me. __
. EG«...:._& n ..
_the total number of moves. on =10 disks, calculy,

Caleulate tat < L

aleulate total number of .

n =10 disks. En..tom for Tower of Hanoi fu
Ans: For nnumber of disks, total number cwienmm =9

For 10 disks, i.e., n = 10, total number of maves = m_ul__

: b 10241
= 1023

Therefore, if the Tower of Hanoi is operated on n = 10 disks,
total number of moves are 1023.

thes

2.4. How do you push elcments in a linked stack?
A%is;, To insert an element onto stack is knawn as PUSH operatics
Before inserting first we increase the top pointer and then insert

the element.
2.5. What is tail recursion ?

(9)14
What do you understand by tail re
AKTU 2022-23

ursgion in
-ecursive

i .0 of rec
isa special case ol
o the tail callis @l

1ond rECHES!
rmed Lo iterations.

r ta” n of the *.E.—nnm.....ﬁ.

jrec” ratid i nsfo .
.....“ ?..._ nn_a. Jast ope " can be E:.”__u. tra g m:wo_:m:qu:u‘. agisl
I Yt 510M3 ; manually { !
‘s wqﬁ.E}. ith iteratios .pace used and Improve
n_.:_ v% %nnqm_ou __M?o E:EE_.. of stack sp@ g
N unnﬁ% ase ) .
b Mpm:_..t:. decr® samp in such o case1s called & tail
ety . or)
Y eall to @ pranch
i _ it-2.
g nﬂ_ﬁa___m.éﬂr Q217 Page 9-17E, Un o
M-E_%_." R mﬁxn..ﬂag and recursiomn.
we

e on i LR

It 182 technique of defining
.E..ﬁEum in terms of itself.

“Itis a worse option to go for simple

problems.

ounterpart of @
_ probles jz more efficient
_:_ 33_& memory,

_ gilization and execution -

ps for converting an infix expression to

47, Discuss the ste

/' postfix expression.

aiE Steps for converting an infix expression to postfix
o) mH_u—.m__m__n_:. H
i, Parenthesize the expression starting from left to right.
i During parenthesizing the expression, the operands associated with
 operator having higher precedence are first parenthesized.
i Once the expression is converied to postfix then remove the

parenthesis.

77 | Jerative £

1 Maaﬁ_.__. theinfix expression (A + B) *(C-D) S E * F to postfix.
ive the answer without any spaces.

F.b.mm.ﬂc. 2021-22, Marks 02 _

{
N rpuwm.Ta-a;m._u
Y ' Tz
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E F"'I"'E b

iv.

2.10.

2.11.
Ani:

Write some applicationsf queuy,

Applications of queues ayre . ©

Operating systems schedule .morm :

Simulation of real world queues

Multiprogramming,.

Waiting times for customers at ¢a)] cent
By,

Convert the following arith
] ' metic infy
equivalent postfix expression, infix SXDrogg

Expression: A-B/C + D*E + F
(A-B/C+D*E+ )

Character |

e~

ABC
(—+ ARG/
; T+,, ABC/D
=+ ABC/D
(= ABC/DE
ABC/DE*
(— ++ ABC/DE*F. *
{ ABC /DE*F 4+ -

s+ O0~a1
T
S

-4
T
+
+

Write the difference between stack and queue.

.wm-o.._. ing,

N

Ity

S.No.

mﬂ”ﬂ.—h e 7 mﬂ.ﬂﬂﬁ...

fras]

1.

A stack is logically a LIFO
type of list. list.

A queue is logically a FIFO type of

No element other than the
top of stack element 13
visible.

rear element are visible.

212,
Ans.

1.

2.13.

Write down the limitations of circular queue.

:Emﬁﬂ:aﬂm.um.umu.n:_w.....h:...::m-d"
We cannot distinguish between full and empty queue
Front and rear indices are in exactly the s

an empty and for a full queue.

ueue ?

What is the significance of priority d
on

No clement other than front and

; R
yme relative positions .

_m_._n.w. ! era @l
Hﬂn%uqn ax o n_unnr ﬁrmpr
t
. othe S7" L oo if circular
gt M_.MH«E%. Qﬂ_.::,. is the condition
ﬂ—-ﬁ.

OR - a circular queuc

ndition for
T 2020-21, Marks 02

- which theinsertion of

. a vircular queue isone ¥ . :
s Gireelar G0 m_wh(_hﬂmnﬂ ﬁmemJ.. first location of the queuc if the
5

i he gueue is full. .
sst location at the 4 ¢ quil)
to check circular qu s B p
Wﬂ—hﬂw Mu MAX - 1) |[ (front == c & & rear == MAX 1))
,,.uaBu tn check circular queue 18 empty :
W;“Sd == & & rear == - 1

.._...p.sww_ is recursion ? Give disadvantages of -.ﬂnz-.mmc-.-.
4 Recursion : Recursion is the process of expressing a function that
alls itsell to perform specific operation.
Disadvantages of recursion :
I Recursive solution is always logical and it is very difficult to trace,
debug and understand. gy
L Recursion takes alot of stack space.
1 Recursion uses more processor time.

16, Whi )
Which data structurc is used to perform recursion and

why ?

. Q_H - | AKTU 2022-23, Marks 02 |
Hack belps W"WMMMM“_.:Q is used to perform recursion. The call
their respective oxoe.r- © the correct order of function calls and
the Necessary | M:.n::c: contexts during recursion. It provides
funetigy calls A4 structure to store and retrieve the state of
353;3&. ensuring that the recursive process behaves

€Tminates approp

©ee

riately.




i—nn.-.ﬂ ﬂmc

You mean

S
Ang: g earching jo Ys
the line; £ 1S a procegg ..,..E.c_ium ?
Eo:EEw..u Arrays, j.-m. cw:nﬁ::m th .
15 foung, search i E.muwhuﬁon of giv,
.. \ B o
| ...w-m. Name o b m.._nnamm?_mmfn;.
AGE Searching ta- ey
H. H.s..c Searching iy nmnm_:m._:ew "
m. incar nmmncmnzumﬁ.r.ﬂ ues arg ; )
- Binary searel, N .
3.3. Defi
e — ine sequenti;
Ans. Insequentig] (g) 2earch.
o -Htial scarch, each el
quentially and it ig'e element of an grpgy Y
ompared with the um%w. Mamm& Uhig .,
3.4, O—nﬂmmmﬁu‘_. the —u.m—m—n-mhn f X .m_muum:___ -
Fieth 3 R en :_.mmr unctions baseq on ih
Ans. Hashi . ey value is fo P variy
ashing functions on i s
value is founded a S N thads by whi
. i nded are: 8 Y which the kg
i U_.ﬁmEn method ii.  Multiplicati .
iii. Mid square method - i, m,c.:.::_um Hm_ﬁﬂwmu .
3.5. Differentiate sequential search and binary search
[AKTU 2020-21, Marks ]
AnEl
S. No.| Sequential (linear} search Binary search
1. No elementary condition i.e., Elementary ..,.HE_.:_._.“_J i
array can be sorted or unsorted. Eﬁl&
e han
2. It takes long time to search an _w S_,..mmﬂwg time Lo sears
element,

yis Oilog, "

element.
Jivide 01l]

Complexity is O(n)-

It searchesdata linearly.

Complexit

Y —

nﬁ& ﬁ-.w:.ﬁu ﬂ—. a
ot Oy con ; _ in an e
%E.nw__—wm ..wn._.-“w._._:._" uﬂwuu.m.n.n nnu%mnm m_h.h_u ot On.hmmu._. they ¢
i s 'y ~ . U
nﬂﬂw%ﬁ”_mh:.:%m MMM.. found £° e Jaced in the
e Lperms isp
st ent ite .t é,h_.:,—nw 1
p “‘H:é adjac _ation: the loWe® . od
.m.___n,_a_ fthe first 1€ st value is plac
“—:wt_nna o the next lowe
boapsito® o qecond iteratiots
ﬁ.m% end az_aﬂnoa and s0 011 -
1 3 - 3
i w‘.:_.muﬁgq.n pe o and ﬂ.un.:wn...nﬂn_.— man.ﬂ#:r
tween E—.m-.ﬂn..— sorting
 perentiote €
LY

External sorting resides

" e internal sorting
gecondary memory.

| |#
. psides in main memOry.
Tesindependent of time | Ttis dependent on time.

wreadwrite a record.

(=

B ”“HHHE minimum number of interchanges needed to
earray 90, 20,41, 18,13, 11, 3, 6,8, 12,7, 71, 99 into

Emarimum h
N eap, | AKTU 2020-21, Marks 02
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2N
Tarks g, s,

Swap 99 with 41
Swap 99 with 90

99
mo\ /mc

& S
m\\ /m E\\ 7 71 11

Swap 71 with 41
+ Mimmum num
heapis 4.

3

ber of interchanges required to get 4 mag;
R i _S:H

Discuss various collision reseclution strategies for hagh,
8

table.

Collision resolution strategies for hash table are :
Chaining method : It hold the address of a table clement by usin
h(K) = key% table slots. ¢
Open addressing method : In this; all the elements of the dynam;;
sets are stored in hash table itself. .

What is sorting ? How is sorting essential for database
applications ? % =
Sorting: It is an aperation which is used to put the elements of lis
in a certain order. i.¢., cither in decreasing or inereasing order.
Sorting esscntial for database applications : Sorting iseasier
and faster to locate items in a sorted list than unsorted. Sortig
algorithms can be used in-a program to sort an array for later
searching orwriting out to an ordered file or report. Sorted

lists make it easier to find things more quickly.

arrays’

What do you understand by stable and in-place sorting _._..
here two objeds

Stable sorting : Stable sorting is an algerithm w < ther
with equal keys appear in the same order in sorted output agtie}
appear in the input unsorted array.

In-place sorting : An in-place sorting is an algo
notneed an extra space and produces an output in the s
that contains the data by transforming the input ‘in-place. i
asmall constant extra space used for variables is allowed.

rithm that does
mm..ﬂ_.._m Hn_.mudoa.
_._u.-.m.:_....um_

QOO

Ang; Extended binary tree : A binary tree T

4L Define tree. Al

- A tree T'is a finite non-empty set ofa] B
Ans is called the root, and the amSE.anM HH%%% =

into trees is called subtree of T, A tree 18 anon-lin
& i

these elemen

¥ ts
4N¥ 13 partitioneq
ar data structyre,

42, Explain threaded binary tree. AKTU 2019.2, Marks (7

Threaded binary tree is a binary tree in which a)] left child poing
inters

that are NULL points to its in order predecessor ang allight oo

pointers that are NULL points to its in order successor

¥

43. What is the m:pﬁc.ﬂnmbnm of threaded binary tree 7
: [ ARTU 2020-21, Marks 02]

a5 A threaded binary tree is important because it enhances the

[ efficieney of traversing binary trees, offering several advantages:

L In-order traversal : Threaded trees facilitate in-order traversal
without recursion or extra stack space.

2 m:..mnmnﬂﬁ search : It accelerates search operations by providing
adirect path to the next or previous node,

3. Space efficiency : Threads reduce memory overhead compared
to traditional recursive tree trayersal methods.

.

4, ~ . s
4. Define extended binary tree, full binary tree, strictly binary

tree and complete binary tree. E_—d 2018-20, E“E.rwlnwn_
is said to be 2-tree ar
or 2 children.

mﬂmzn.nn binary tree if each node has either 0 »
chilg binary tree : A full binary tree is formed when each _ﬂ:_ﬁwwﬂn
Stri ) the binary tree is replaced with anode having 00 chi e
:c:.r,__._u.H binary tree : If every :on._m&,:&w in a binary ﬁq”mﬁ:.
bin “mpty left and right subtree, the tree s termed as str

C ary tree.

:.MM: Em..m binary tree : A tree is called a complete binary tre

Satisfieg following conditions :

gif



a. Each node has exaet
b. Allleaf nodes are at
¢. If abinary tree cont

nodes at level 7 4+ 1.

ly two childrey,
Same _ﬂe‘m&.

ains m nodeg at ley,

4.5.

Write short notes o, min heay, n

1. Ina Min heap, the 1
2, The value of each node

parent node, ey, !
3. Inami . ha
N amin rmn_u_ the least clement is accessed wi !
since 1t is at index 1. ¥ 595335...
N ._H_m

?::mmm—b

(1)
(2., &

ONORNO

Fig. 4.5.1.

46. Draw the binary search tree that results from _W_M:E
the following numbers in sequence starting with 11;
11,47, 81,9, 61,10, 12, .

A

Ans. 11,47,81, 9,61, 10,12

47. Write advantages of AVL tree over

. arch tree a8
Axg: Advantages of AVL frec over EE.:.U‘ w_.whﬂ.ﬂnﬁ__
u.. The height of the AVL tree is always

.izht never grows beyonq|,
g, a__amoﬂm._w in the tree. ‘ 2N,
of M s better search time compe,:
It 8" “coarch trees.
ave self-balancing Capabilitiey

]

f.
pinary =~
AVLETees h

-ﬁu.“-.uﬁmh—ﬂ.w u.vﬂn.ﬂ..ﬂﬂ: W-mnﬁ Wmm.—-ﬁ_.—ggﬂ

a —.—ﬁﬂﬂq
§§+Eq€_ 02

piffe

Binary search tree . Heap
= psTis ordered. Heap is unordereq.
| e ly | Theheap is represented s
cyelic graph 1s commony | [ 1eheap Is epresented using 5
_ z WH”_T, 1o illustrate a BST. complete binary tree.
ST : E e
—  onts are sorted in | No such order of elements
_\u.,\\ Elen present in a heap.

1mcT :
| [oeder traversa

- <ing order when an. in
P lof BSTin dene. *

.

L " need of finding _ You have to find the input data
There 18 .00 T g : i

i g e hance. size before making your Hash
input dataeyee ;385 . table.

_|l|||||\|\||-|‘l|.||lll.||l
ion tree for the following algebraic

. Construct an expressi
. expression ; (@ -b)/ ((c*d)+e)

[AETU 2022-23, Marks 02

Ang la—b) /(e 2d)+e)

odesis 1000000.
40, Inag + bi ¢ ree if the number of nodesis
complete binary treei e binary tree?

What will be the height of comp! :
AKTU 2022-23, Marks 02

Ay Height of a complete binary tree |
h =Llog,nl= Llog, 1000000
19

I

LN
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4.11.

Omﬁﬂ.mmnﬁ&u

Discuss the concept of “successor” apg «
binary search tree.

In binary search tree, if a node X has twg
predecessor is the maximum value in its left suby,
;s the minimum value in its right subtree,

o_u_E ren
Tee and i

m.d.u_E.:remm_;rn_nuai:ga.ﬁmmpnﬂsmw&nﬁ .
the height. oty

An AVL (or height balanced) tree is a balanged binary
In an AVL tree, balance factor of every node js hithis M.m._m._.nw treg,
Balance factor of a nude is the difference between g, Boryy
left and right subtrees of that node, .
Balance fuctor = height of left subtree — heiph ; ]
General cases to maintain the height ﬂm.mw"cﬁ FIBRt sulireq
Left Left rotation (LL rotation)

Right Right rotation (RR rotation)

Left Right rotation (LK rotation)

Right Left rotation (RL rotation)

RIS

—_—

._.....__I.__u-l

- what are the applications of Eraphs .w W9
que Applicationsof graphare; 0%

i mmﬁ_..mmmnfsm relationship between compgnent. :
circuits. b NE ._ua_wmu: 0 electronie
Transportation network in highway nmm.m_am_w. 1l

Computer network in local area network Eht netmor

Write down the applications of DFg,
Applications of DFS:

,Hntc_cm...mn:_ sorting. £
Finding connected components,
Finding strongly connected components,
Solving puzzles such as mazes,

Write down the applications of BFS,
Applicalions of BFS :

Finding all nodes within one connected component,
Finding the shortest path between two nodes.

2ol Bl Ve R Ee

How the graph can be represented in memory ? Explain
with suitable example.
) OR
List the different types of representation of graphs.
OoR
Write different representations of graphs in the memory.

[AKTU 2021-22, Marks 2|
HEM. anur can be represented in memory : )
m‘ r.,wanmu:m_ representation (or, adjacency matrix representation).
_ m.EWmn_ list representation (or, adjacency list representation).
brexample : Consider the following directed graph:

v
1 Y4

2 Y3
Fig.5.4.1.




g17-5em?)

presentation :

m_a..Hm_m (©
Sequt

.ntial/ Matrix re
IS I

y[0 0 01

t, 1010 ;

Uy 000 1

wlo 100

Fig. 5.4.2.

matrix and m&.»,...__,mue.r_

?ﬁc 2019-20, _E.m_ ____
7 v

:

55 Compart adjacency
represen tations of graph.

Ans.

E ; h&.unmu&_._u:aln

O n?) memory is used, w
constant.

ich is| Memory use depends oot
number of edges19d graph

g tree 7 Gine®

m cost spannin

5.6 What is minimu _
019-20,
applications. . AKTU 20 _.___. = |
Aas Minimum cost spanning nﬂ.ﬁ_um..__m_mriﬁ“w g ﬁﬂﬂu.ﬂ i |
spanning tree is a spanning tree that has mint
all other spanning trees of the same graph. -
Application of minimum cost spanning 1ree: ]
L Used for network designs. e
2 Used to find approximate solutions for complex 2
problems,
3. Cluster analysis.
!
m— -.h_ﬂﬁﬁmhhn_wﬂ‘

57. Write short notes on adjacency multi li

ARTU zozt3l

graph.

$Q-19 £ ((S1T-Sem-3)

1. mrm__.u_.uﬁa. Toihst reprge
_ﬂu Lis, lists i whie wodey arg gh
2 .aem ﬁ_.m_w edge there wy ke E.M_a_. q
in w0 Jists ¢ ey it
2 ista L. bhe adjasency [ishy W&u&q =
jalm for eack of the two nodes, it 19

5.8, Compuie the tranqis;
tive clogure of f,
ollowing graph-
3

f
i Fig.541.

& __anvn_.aﬁri

X PRURTN- .
e AR PV A

algorithm for Breadth First Search (BFS) traversal

59. Writean

._&. a n..u_,yr._.. nn..m.,. E.—.: 2022.23, we_inm_
Ans. Algorithm : s
1. Initialize all nodes to ready state {STATUS = 1),
to the

2 Put the starting node A in queve and change its statys
waiting state (STATUS =21

3. Repeat step (iv) and {v) unttl queve is empiy.

4. Remove the front node N of quese. Process N acd change the
status on V to the processed state (STATUS = 2.

5. Add to the rear of queue all the neighbours of N that are in the

ready state (STATUS = I) and charge their status to the waiting
state (STATUS = 2) [End of loopl.

6. End.
vertices ina connected

5.10. Provethat the number of odd degree
graph should be even.
rtices of even and odd degrees

A Let V, and V, be the sel of ve b
respectively, Thus, V, 0 Vy=0asd Vv V=V

e

Mﬂ:'&ﬁbﬂiﬁ.“/—.hd, -



2
§Q-20E _.,Ow._.ﬁ..mﬂnn.uu Marks ﬂr:mﬂ.
ing theorel,

By Handshaking

_ deglv) = deglt) + ) deg

2|El = M M M i

d deg(v) are even. So, degiy) D » 2019.

even. is odd for all v € V. So, the number of odg deg,
b em

Since, deglv} ted graph must be even.

vertices in a connec a
0 . 1. Attempt all Sect;
511, Number of nodes in® complete tree is 100000. Find j; depty Note: 1 p ection,
.wbln. Number of nodes in 2 SEEQMM m.n_emun Eoc_c.. ] . o
We know that, n= .
{n+ W_rd..“ = ._HN.m +w. | 1. .b.ﬂmﬁ.nru. m.= Q:mm:a:m m_._. Un.:um..
e | a. HOWw Can you represent a sparse mate. .. 2%10=20
log,(n+-1=h : ans. Refer Q. 112, Page SQ 3E, Unip.] aﬂuww:._nE Memory 7 :
- | b2 o0 » 'wo Markg Questions
h = log,(100000 + 1)~ 1 b. List the various operations on linked jis
WALl ans: Refer Q. 1.13, Page SQ-3E, Unit. [, Ty ._,_E.w.moﬁ ti
s @ wlestions,
s e ] ¢. Give some Emuﬁ:n.ﬂﬂmn.ﬂu. of ok,
oeP | ¥4 ans; Refer Q. 2.1, Page SQ-6E, Unit-2, Two Marks Questions, -

d. Explain tail recursion,
Ans: Refer Q. 2.5, Page SQ-6E, Unit-2, Twg Marks Questions

e. Define H.;.mc-.m_n.u‘ queue. Given g icati g
" ne application of Priority

[ Ans. Refer Q. 1.13, Page SQ-8E, Unit-2, Two Marks Questions,

i " How does bubble sort work ? E i
. . ¢ Explain,
Anz: Refer Q. 3.7, Page SQ-11E, Unit-3, Two Marks Questions.

_ g What is mini

. minimum cost ; 0,

L applications, spanning tree ? Give its
Ans. Refer Q. 5.6, Page SQ-18E, Unit-5, Two Marks Questions.

h. Com i

Pare adjacency matrix and adjae K
w.%t..ammnﬁﬁnm.u:m of graph. e
efer Q. 5.5, Page SQ-18E, Unit-5, Two Marks Questions.

o=
B
F

i De :
:.Mmu..o extended binary tree, full binary tree, strictly binary
Ang m_.;.m and complete binary tree.
€r Q. 4.4, Page SQ-13E, Unit-4, Two Marks Questions.

.PEJ._“. MM_W_E: threaded binary tree.
Q. 4.2, Page SQ-13E, Unit-4, Two Marks Questions.

44

LB PN R B

it Wi B



Solved Paper

sSpP-2E nﬁmﬁ.“—..mauﬂ.wu .“msw,m@.__
Section-B
-ar any three of the following 2 "
Z hat are the merits and demerits of array 7 nwﬂfme
) urrays of Integers in ascending order, nmeio: twy
algorithm to merge these arrays to form a thjpg . o0
nding order. array

sorted in asce )
Refer Q. 3.26, Page 3-27E, Unit-3.

AR
b. Write algorithm for Hu.ﬂmr and pop operations i, ”
Transform the following expression into its ..._n—__._._.du.“ar.
postfix expression using stack: 5 ent
>+Eqﬂlﬂb.ﬁ.43+n:: :
A Refer Q. 2.10, Page 2-11E, Unit-2, .
¢. How binary search is different from linear search ? Asily
" binary search to find item 40 in the sorted array: 11,22 39
33, 40, 44, 55, 60, 66, 77, 80, 88, 99. Also discuss Lthe ncﬂ_v_mumc_”
of binary scarch. i
agie; Refer Q. 3.6, Page 3-5E, Unit-3.°

.._.m.m:n.,._.__mnumbm.ﬁﬂﬂaﬂm::msm:mmmﬂp_..mwe:cims.n .mw.mur
using Kruskal's algorithm : )

Ans Refer Q. 5.17, Page 5-19E, Unit-5.

. 8T
e. What is the difference between a binary search ﬁmm.”h.__wn- a
and heap ? For a given sequence of numbers, con
heap and a BST.
34, 23, 67, 45, 12, 54, 87, 43, 98, 75, 84,93, 31
Ans. Refer Q. 4.9, Page 4-10E, Unit-3.
Section-C
10=10
3. Answer any one part of the following : E.x tions !
applict

m.ﬁm:maog_@_w::r&:mzs_E:_.m:m%_g__.__i
Explain how un element can be deleted from do
list using C program.

Ang. Refer Q. 1.34, Page 1-31E, Unit-1.

=T

fine the following

lexity
:me comp . ii,
M_.:.n.. complexity iv, m”wﬂu_&n Rotat;
Sefer @ 1.9, Page 1-8F, Unit q, EO notagig, 00

Apswer any one part of the ?:asﬁw _
_um:.n..n.::mpn hetween iteration gn
Refer @ 2:18, Page 2-18E, Unit.g,

write the recursive solution for Tow
Refer Q. 2.22, Page 2-22E, Unit-2,

wh_n— .-.Qﬂ.ﬂ;man_.ﬂ X H—u @ H_uu

er of Hapg; Problen,

. ougs array and linked repr A ’
waﬁ“\h:ﬂm. What is dequene 7 P ammﬂm.:an. of queue data
Refer Q. 2.33, Page 2-34E, Unit.2, _

Answer any one part of the following -

._.S.u‘?azmnr sort E&En&nrmggpramgho .._ a 1)
on the following set of elements: 25, 57, 48,37 _m.ﬁ.%*snrsa
Assume the first element of thelist tobe tpe it n_uu
Refer Q. 3.19, Page 3-17E, Unit-3, cment,

What is hashing ? Give the characteristics of _Er"nnnamg.
Explain collision reselution technique in hashing, |
Refer Q. 3.10, Page 3-8E, Unit-3. 0 Fe

Answer any one part of the following :  #/ . “1x10=10)
Explain Warshall’s algorithm with the help of an example.

as Refer Q. 5.21, Page 5-24E, Unit-5.

U_.nmau:um the Dijkstra algorithm to find the shortest path.
m._,:m the shortest path in the following graph with vertex
‘S" as‘source vertex. e

©
Ref 2
€r Q. 5.25, Page 5-27E, Unit-5.
Txl= ¥l
_—b-..-_m..e_m_ﬂ anv 1 k- ¢
¥ one part of the following . fraversals are
n.m.: ¥ou find a unique tree when ._uw.m“ﬂanoun:dnw the

m._,ss ? Using the following trave
_Z..H.mwvoa&:n binary tree:
ORDER : HKDBILEAFCMJG



Solved p

Sp~+E (CS/IT-Sem-3)

PREORDER: ABDHKEILCFGJM
Also find the post order traversal of obtaineq tree,

Aig Refer Q. 4.12, Page 4-17E, Unit-4.

Aper 20 E,g*

What is a B-Tree ? ﬂE.E..“m..c a B-Tree of order .
alphabets (letters) arrive in the sequence as fo)
:hﬁvatbmh.‘.mu.u..ﬁam:n:t.

Refer Q. 4.31, Page 4-43E, Unit-4,

©0O©

b. a-rm-._u —r_.a

Ows ;

m

Aug;

Hw._”—amo,_—u.

EXAMINATION, msa.%ms_s

DATA STRUCTURy,

é

Attempt all Section. If require -

guitably- m_:w _mm.ﬁ.,,._sn thagge
SECTION-A | & ,... i b,
Attempt all questions in brief, ; ¥
pefine time-space trade-off. ; (2x10219

Refer Q. 1.7, Page SQ-2E, Unit-1, Two Marks Guning

pifferentiate array and linked List.
Refer Q. 1.8, Page SQ-2E, Unit-1, Two Marks Questiops’

Explain tail recursion with suitable example.
Refer Q. 2.5, Page SQ-6E, Unit-2, Two Marks Questions.

Write the full.and empty condition for a circular quene
data structure. =
Refer Q. 2.14, Paje SQ-9E, Unit-2, Two Marks Questias.

‘Examine the minimum number of interchanges needed to

convert the array 90, 20,41, 18,13,11,3,6,8,12, 7,71, ¥into
a maximum heap.
Refer Q. 3.9, Page SQ-11E, Unit-3, Two Marks Questioos.

Differentinte sequential search and binary mapm.nw.
Refer Q. 3.5, Page SQ-10E, Unit-3, Two Marks Questions.

Compute the transitive closure of following graph.

Fig. 1.
Refer Q. 5.8, Page SQ-19E, Unit:

5, Two plarks Questions-
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1)

i ney multi list
‘ri ort notes o0 adjacency represeng,
Write sh entatj,, )

._:.r. J. . ‘
m_..wa,,m.m.q.Enmuarambavm.?czﬁrm@%mgas
uu.-.—.uc-.ﬁwh_.nm of threaded _—Umn_.m:.w. tree 9

What is the i -
e §Q-13E, Unit-4, Twe Marks Questiong

Refer D 4.3, Pa

Write short aotes on min heap.

Refer Q. 4.5, Page SQ-14E, Unit-4, Two Marks Questions
SECTION-B ;

Attempt any three of the following : LY Bx1e

Consider a multi-dimensional array A[90] [30] 140] ”_..m_..,.__“

basc address starts at 1000. Calculate the address of Al
[20] (30] in row major order and column major own_c_
Assume the first element is stored at A[2] |2] (2] and e er.
element take 2 byte, ” ach
Refer Q. 1.18, Page 1-13E, Unit-1.

Evaluate the following postfix expression using m...b.“r...
239 * + 23 - 62/ +, show the contents of each and every
steps, also find the equivalent prefix form of above
expression. Where * is an exponent operator. .
Refer Q. 2.12, Page 2-13E, Unit-2.

Explain any three commonly used hash function with the
suitable example ? A has function H defined as Hikey) =
key % 7, with linear probing, is used to insert the key 37, 38,
72, 48, 11, 68 into a table indexed from 0 to 6. What will be
the location of key 11 7 Justify your answer, also count the
total number of collisions in this probing.

Refer Q. 3.12, Page 3-10E, Unit-3.

Write an algorithm for Breadth First Search (BFS) and

explain with the help of suitable example.
Refer Q. 5.9, Page 5-12E, Unit-5.

If the in order of a binary tree is B,1, D, A, C, G, E, Hr Fand
its post order is I, D, B, G, C, H, F, E, A then draw 2
corresponding binary trec with neat and clear steps from
above assumption.

Refer Q. 4.13, Page 4-19E, Unit-4.

SECTION-C

10
Attempt any one part of the following : (ax10*

a.

;ider the two &mﬂumﬂw.
T N
.y the address of row major o 3
in ation LTMUL KD if base aggee, Citimn
by cach clement is 1o hyte, Eﬁn.ﬁﬂoz_»:s
_w.mm.n-. ﬁu. 1.20, ._m.vn..m“m Mrum:w. Gan-m. a&q:ﬁmam

write & C program to insert anode gt b

i _.n-w_nm “_.mumn_.
e’ 9. 1.29, Page 1-24E, Unit.),

GH—.—E

—Hon_:.waﬂ mn i ru.n_h

Refer

any one part of the follow; S Y
Attempt 280 of the following, <7, 5.
convert the following infix expregsion % (Ix19.g,
sotation €XPression using stack, . Teverse polig),

- b+ g
a7 i AV .
Refer Q- 2.13, Page 2-14E, Unit-2,

Write a C program to implement stack using 5 ;
List. B, ¢ o single linked
Refer
Attempt any one part of the following: E AL0XT= 10)
Write an algorithm for merge sort and apply on ?.uq&um
elements nu....__m. 32, 65, 76, 23, 12,54, 67,22,87.". o

Refer Q. 3.24, Page 3-24E, Unit-3. :

i

Q. 2.5, Page 2-5E, Unit-2 f

'rite a C program for index sequential search,

Refer Q. 3.7, Page 8-5E, Unit-3.

Attempt any one part of the following : (1x10=10)
Describe Prim’s algorithm and find the cost of minimum
spanning tree using Prim's Algorithm.
Fig. 2. ;
Refer Q. 5.13, Page 5-15E, Unit-5.
above nnw_“_.n.:ﬁmm

Apply the Floyd Warshall's algorith i
graph.
Refer Q. 5.23, Page 5-26E, Unit-5-
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Solved _umvo_, (

mSPM:

Attempt any one part of the fellowing :
Write short notes of following
Extended binary trees

Complete binary tree

Threaded binary tree.

Extended binary tree : Refer Q. 4.7, Page 4 gE, Unit
Complete binary tree: Refer Q. 4.7, Page 4 SE G::&.
Threaded binary tree: Refer Q. 4.17, Page 4-29E, q.:u.”_.n. i

Insert the following sequence of elements ingg LAV,
starting with empty tree 71, 41, 81, 58, 60, 20, 40, 59 m?mﬁ_
also find the minimum array size to represent H._:_@.ﬂ 0, 55
Refer Q. 4.26, Page 4-34E, Unit-4. & i Fee,

000

.

Nol€!

EXAMINATIQN

ggﬂ

DATA memcoﬁm_.&m

ES

.»:E:EEHmcnrcnr:wc:..EE.am ANy Mmissing 4.
._wﬁm nﬁ__u“v.. aw n_»F _"_._.mn E.Sn_.m.m

Section- A

Attempt all questionsin brief, "
Convert the infix wuﬁwmmmm@:.rp +B) A...u...bu ERi 2x10.2 9,
Give the answer without any spaces. Fto pogyfiy

; Refer Q. 2.8, Page SQ-7E, be_“._m..ﬁan Marks Questipgs

Rank the following typical bounds iy i i
growth rate: O(log n}, O(n%}, 0(1), 02 __cmn“”.!un order of
Refer Q. 1.21, Page SQ-5E, Unit-1, Two Marks Questions "

Draw the binary search tree that results from inserting
the following numbers in sequence starting with 11
11,47,81, 9, 61,10, 12,

Refer Q. 4.6, Page SQ-14E, Unit-4, Two Marks Questiors,

bl

E

What does the following recursive function do for a given
Linked list with first node as head 2
void fun 1 (struct node* head) .

{ i i
iflhead = NULL) I
return;

fun 1 (head->next);

“iu:.ﬂ. %d ™, head->data);

Refer Q. U_.Nm_. mu_urﬂm. mﬁmlmm. Unit-1, Two #ﬁmhwwﬂnmm?a:m

e enm—.nmmﬁn

& Suggest 2 spac

Define a sparse matrix.
Fepresentation for space matrices.

" sHions.
Refor Q. 1.22, Page SQ-5, Unit-1, Two Marks Quest

. in fe linked
£ m.mmp the advantages of doubly :urnm_;ncé: g
’..PF, _.-_z.ﬁ. Wm@nhmﬂmnnu.,
Refer @, 116, Page SQ-4E, Unit-1, TWe Mar

%

7
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each stable and unstable g, ¢
Ttin
g

(CSNT-Sem-3)

Give example of one
techniques.

Refer Q. 3.6, Page SQ-
- AVL tree over Binary Search Tre
)-14E, Unit-4, Two Marks @:mm:cPﬂu (B,

i1E. Unit-3, Two Marks Q_.,.amncf

Write advantages 0
Refer Q. 4.7, Page S

7 Explain with a suitable examp]
e

What is tail recur: ion
Unit-2, Two Marks Questions

Refer Q. 2.5, Fage £Q-6GE,

fferent representations of graphs in the memory

Write di
17E, Unit-5, Two Marks Questions,

Refer Q. 6.4, Page SQ-

Section - B

e

of the following : (10x3=130
s and disadvantages of linked list a:mv
function ereating new linear linked Fm.ﬁ.
e elements of a linear linked list,

Attempt any three
Write advantage
arrays. Write a ‘C
by selecting alternat
Refer Q. 1.28, Page 1-22E, Unit-1.

Write n_man:rnmm of insertion sort. Implement ﬂrm.mm.._....m on
the following numbers; also calculate its time complexity:
13, 16,10, 11,4, 12,6, 7. gy
Refer Q. 3.17, Page 3-14E, Unit-3. 75
Differentiate between DFS and BFS. Draw the breadth First

Tree for the above graph.

©

Fig. 1.
Refer Q. 5.7, Page 5-9E, Unit-5.
. ithm
Differentiate between liner and binary 5¢€: 2
Write a recursive function to implement binary §

Refer Q. 3.5, Page 34E, Unit-3.

threads in

nece of maintaining )
t a node 1

What is the significa
|gorithm to inser

Search Tree? Writean a
binary tree.
Refer Q. 4.18, Page 4-23E, Unit-4.

f¥r

3,
B

any one part of the folloy;
i lhg

: . lona]
H#_Hum'ﬁr - m-m- ot Hccm— P—..—...E.¥ nﬂ m.w n
Find ﬂwn._mnn__& of each djp, ee]

elem® ;

xplai? :
with explanation formula expre,

pefer @ 119, Page 1-14E, Unit.y,

ENgigy and
B

H—GETG—- of

wmau..

#5

g the representation of el
< . A pol b
using _:“__wm& list. Write ‘¢’ n:bﬂﬂwsﬁﬂau
_._uc_mﬂcn:-n_m represented by linkeg :aﬂu to ad

mmm.m_. Q. 1.46, Page 143E, Unit-1.

Discus ;
mﬂmdn—.mu_&m
5 _m ndw_“_ fuch

¥
v

Attempt any one part of the following :+*

Use the merge sort algorithm to sort the f, . E.:;.:_.
in ascending order: S ollowing elemens,
13, 16,10,11,4,12,6,7.. ; .
What is the time and space com ’ A
Use quick sort algorithm to sert Wwwwumwﬂ—_ﬂmmm sort ]
[sita stable sorting algorithm ? ._Ea?_. ...\_.. w.m.r._.a‘w_u.
Refer Q. 3.25, Page 3-24E, Unit-3. A Y

5

g o

The keys 12, 17, 13, 2, 5, 43, 5 and 15 are tuserted info aa

Y initially empty hash table of length 15 using apen

addressing with hash function A(k) = % mod 10 and knear

probing. What is the resultant hash table ?
ii:Differentine between li

nm.w-.,_whn_ quadratic probing

techniques. %
Refer Q. 3.13, Page 3-11E, Unit-

|
7

Attempt any one part of the following : (10x1=10)

Use Dijkstra’s algorithm to find the shortest paths from
source to all other vertices in the followisg graph.

dng Fig. 2.
Refor . 5.26, Page 5-29E, Unit-5.
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rim's algorithm to find a minimum sp .
llowing weighted graph as shown below o

b 5 i

b Apply P
pply e

in the [0

Fig. 3.
Ang Refer Q. 5.19, Page 5-23E, Unit-5.

6. Attempt any one part of the following : “(10x 1
a,i. Writcan iterative function tosearch akey inBinary m.mn 10)
Tree (BST). _ Areh
ii. Discuss disadva
example.
Ans: Refer Q. 4.8, Page 4-9E, Unit-4.

ntages of recursion with some suitable

b.i. What is Recursion 7
ii. Write a C program to calculate factorial of number using
recursive and non-recursive functions. Fr

An& Refer @. 2.19, Page 2-19F, Unit-2.

7. Attempt any one mﬁi of the following : (10x 1 =10}

a.i. Why does time complexity of search operation in B-Treeis
better than Binary Scarch Trec (BST) ? :

ii. Insert the following keys into an initially empty B-tree of

order 5

a, & [ b fed, B, m, Js 8,85 iy xc ln bwp
iii. What will be the resultant B-Tree after deleting keys j, 1 and

d in sequence 7 ;

Ans. Refer Q. 4.32, Page 4—45E. Unit-4.
o stacks within a single

ethod for keeping tw
rflow until all the

b.i. Design a m
that neither stack ove

linear array SO

memory is used.

;i. Write a C program to reverse
Ans Refer Q. 2.7, Page 2-8E, Unit-2.

@O0

a string using stack.

B.Tec)

_I1I) ODD SEMF:«
AT ATION, g, 10y

1 Answer all sections. If require ap

yoi¢” suitably. ¥ Missipg daty they
] HE g..aamm
Section-A .
L Attempt all questians in brief:
g Definc best am.wmn._..we.m-.:w.n case and worst cage, {2x10ap
the complexity ol a program. or analygin,

pss Refer Q. 1.14, Page SQ-3E, Unit-1,Two Marks Questiong

p. Differen tiante between binary search tree st
a mﬂb.

455 Refer Q. 2.5, Page SQ-15E, Unit-4, Two Marks GQuesti,
stions, =

c. Write the condition for empty and full ci
circular
as Refer Q. 214, Puge SQ-9E, Unit-2, Two Marks a:mnﬁmﬁ.

4 What do you understand by tail recursion 7
Ang Refer nu 2.5, —.Umwm_._w molm”—.“. Unit-2, Two Marks Questions,

[N nnnm:.:.nn an cxpression tree ?_...:um following algebraic
expression : (a—b)/({e * d) +e)
Ani Hefer Q. 4.9, Page 5Q-15E, Unit-4, Two Marks Questions,

_..npm. Differentiate between internal sorting and exterpal sorting
Refer Q. 3.8, Page SQ-11E, Unit-3, Two Marks Questions,

g What are the advantages and disadvantages of array Over

- linked list ?
Refer Q. 1.15, Page SQ-3E, Unit-1, Twe Marks Questions.

b Wi
Write an algorithm for Breadth First Search (BFS) traversal
Aai of a graph.
Refer Q. 5.9, Page SQ-19E, Unit-5, Two Marks Question:
5 ”ﬂrm Maa_..__mn.w binary tree if the ==Erm.n of E”.“__.Mwm..m !
A g 0t will be the height of complete E_,E@_m&,_a.

Refer Q. 4.10, Page SQ-15E, Unit-4, Two Marks
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j. Which data structure is used to perform re .
why ? cursion ang
Ans: Refer Q. 2.16, Page SQ-9E, Unit-2, Two Marks Questiong
Section-B
2. Attempt any three of the following : (10
a. Assume that the declaration of multi-dimension _xu = 30)
Xand Ytobe, X (-2:2,2:22) and ¥ (1:8,-5:5, - _c-_,_ arrayg
i. Find thelength of each dimension and number of ._E
in X and Y. B clementg
ii. Find the address of element Y (2, 2, 3), umm...-im
address of Y = 400 and each element e S ng Base
locations. ; . memory
Ans Refer Q. 1.47, Page 145, Unit-1,
b. What is Stack ? Write a C program for linked li
implementation of stack. ey A8t
Ans Refer Q. 2.5, Page 2-5, Unit-2.
c. Write an algorithm for Quick sort. Use Quick sort
algorithm to sort the following elements: 2,8, 7, 1,3, 5, 6, 4.
Ans Refer Q. 3.20, Page 3-19, Unit-3. I
d. Write the Dijkstra algorithm for shortest path in a graph
and also find the shortest path from 'S° to all remaining
vertices of graph in the following graph :
[}
Fig. 1.
Ang£ Refer Q. 5.27, Page 5-30, Unit-5.
_ rder
¢. The order of nodes of a binary tree in inorder and pest®
traversal are as follows :
Inorder:B,I,D,A,C,G,E, H, F.
Postorder:I, D, B, G, C, H,F, E,A.
i. Draw the corresponding binary tree.
ii. Write the pre order traversal of the snme tree.
Ana Refer Q. 4.13, Page 4-19, Unit-4.

mpt any one part of the g,

Atte low;
3 How to represent the tc_@.ﬂaﬂ.ﬂww_u.wu .
ar C muu.cm..—ln:.ﬂ to add two -..vo”_@.._._.-uﬂu. E.BN -_H_.—ng .:.an—H
Q. 1.46, Page 1-43, Un; fals ugip 1 Uist 7y 217
i mwn.__:m;. A ket > Umit-1. m”_._a_rmn_m Nte 5
P ¢,
N piscuss a_n:r_.u« linked lisg, Write gy,
node after a given node in singly ;) E¥ritha
g Refer @ 135, Page 1-31, Ui Sl tae, ~ e
N Attempt any azm.ﬁm:.ﬂ of the ?:a..s_am i L2Y
Write an algorithm for converting ; (101,
A : Ty .m-ﬂ.mﬂ CXpreggi. - i
@Omam&n muﬁ_n._m!m-n_n. HCE Your m_mo.._n..s fori ES8inn intg
Q into its equivalent postfix €XDression wHM.,Eauu_._mia__
(DIErF)* GV H By, T EA+ B,
_- Refer Q. 2.9, Page 2-10, Unit-2,
b What is circular queue ? Write aCcodato
in circular queue ? . : G1nsertan ¢lemen
ADE Refer Q. 2.26, Hu....r“_..-' 2-26, [Unit-2,
5. Attempt any one part of the following : (10 = 1= [0y
a. What is Hashing 7 Explain division method to compute the
hash function and also explain the collision. resolution
stratepgies used in hashing.
Afg Hefer Q. 3.10, Page 3-8, Unit-3.
b. Write an algorithm for Heap Sort. Use Heap sort algorithm,
sort the following sequence : ;
18,25, 45, 34, 36, 51, 43, and 24.
Als Refer Q. 3.29, Page 3-30, Unit-3. |
6. Attempt any one part of the following: o :ﬂ_u.._.uﬂu_”
8. What is spanning tree ? Write down the Pnms Lm.o:.
Use Prim’s algoritbm

to obtain minimum cost spanning tree.

to find the minimum cost spanning {ree in the followizé




