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| class CreditCand:
| def  init  (self, customer, bank, acnt, limit);
celf. customer = customer
self. bank = bank
self. account = acnt
<elf. limit = limit
self. balance = 0
def get_customer(sell):
return selt. _customer
def get_bank(selt):
retum self,_bank
det get_account(sell):
return self._account
def get_limit(self):
return self._limit
deof get_balance(self):
return self._balance
defl charge(self, price):
if price + self._balance>self._limit: # if charge would exceed limit,
return False # cannot accept charge
else:
self._balance += price
return True
def make payment(self, amount):
self._balance-= amount
f name ="' main_':
st =[]
st append(CreditCard(‘abc’,'SBI','5653 1", 2500))
Ist.append(CreditCard( 'xyz' ,' IOB' 3485, 3500) )
Ist.append(CreditCard( 'aaa’ , ‘Axis','5391', 5000) )
for val in range(1, 17):
Ist{0].charge(val)
Ist[ 1].charge(2*val)
Ist]2].charge(3*val)
for ¢ in range(3):
print( ‘Customer =", Ist[c].get_customer( ))
print( ‘Bank =", Ist[c].get_bank( ))
print(’ Account =", Ist[c].get_account())
print( ‘Limit =", Ist[c].get_limit( ))
print( ‘Balance =, Ist[c].get_balance( ))
while Ist[c].get_balance( ) > 100:
Ist{c].make_payment(100)
print( ‘New balance =', Ist[c].get_balance( )

Unit : T Abg}xaﬂt Dot

Subject Code/Title: AD 3251-Data su-uctgﬁsgaﬁé'é.ccﬂ___ﬁSJ

Output: Balance = 272
Customer = abc New balance = 172
Bank = SBI New balance = 72
Account = 5653)
Limit = 2500 Customer = aaa
yalance = 136 Bank = Axis
|| New balance = 36 Account = 5391
' Limit = 5000
|| Customer = xyz Balance = 408
|| Bank = 10B New balance = 308
|| Account= 3485 New balance = 208
|| Limit=3500 New balance = 108
| \ New balance = 8
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Overlonded Operations, implemented with Python’s special methods.
1'
| Common S_\rnth ~Special Method Form
| 3+ h a.__add_.(b); aliernatively b.__radd__(3)
a-b a._.sub__(b); alternatively b.__rsub__(a)
axb a...mul__(b); allernatively b. __rmul__(3)
a/b a._.truediv__(b);  alternatively b. __rtruediv__(3)
affb a.__Hoordiv__(b); allernatively b. __rfloordiv__(3)
a%hb a._.mod__(b); allernatively b. __rmod__(3)
awxb a.__pow__(b); allernatively b. __rpow__(2)
a<<h a.__Ishift__(b); alternatively b. __rishift__(a)
a>>b a.__rshift__(b); alternatively b. __rrshift__(a)
a&b a.__and__(b); alternatively b. __rand __(3)
a b a.__xor__(b); alternatively b. __mxor__(3)
; alb a.__or__(b); alternatively b. __ror__(3)
: at="b a.__iadd__(b)
a—=5b a.__isub__(b)
ax=bh a.__imul __(b)
+3 a.__pos__{)
-3 a.__neg__{)
T2 a.__invert__()
abs(a) a.__abs__{)
a<bh a.__lte__(b)
a<=>b a.__le__(b)
a>b a.__gt__(b)
a>=>b a.__ge__(b)
e a.__eq__(b)
al=b a.__ne__(b)
vina a.__contains__(v)
alk] a.__getitem __(k)
alkl =v a.__setitem__(k.v)
del afk] a.__delitem__(k)
a(argl, arg2. _..) | a.__call__(argl, arg2, ...)
len(a) a.__len__{)
hash(a) a.__hash__()
iter(a) a.__iter__[)
next(a) a.__next__()
| bool(a) a.__bool__()
float(a) a.__float__{)
intfa) a.__int__()
repr(a) a._-repr__()
reversed(a) a.__reversed__( )
str(a) a.__str__()
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class Vector;

def _ init__ (self, d):
selfl coords = [0]*d
def __len__ (self):

return len(self. coords)
def __getitem__ (self, j):
return self. coords[j)
def _ setitem__ (self, j, val):
self. coords[j] = val
def _add__ (self, other):
it len(self) != len(other):
raise ValueError('dimensions must agree' )
result = Vector(len(self))
for j in range(len(self)):
! result[j] = self[j] + other(j]
| return result
def eq (self, other):
return self. coords == other. coords
§ def ne (self, other):
{ return not self = other
{|  def str (self):
g return '<' + str(self. coords)[1:-1] + >'
i v = Vector(5) # construct five-dimensional <0, 0, 0, 0, 0>
! vil]=23 # <U 23,0, 0, 0> (based on use of setitem )
v[-1]=45#<0, 23, 0, 0, 45> (also via setitem )
print(v[4]) # prim 45 (via getitem )
u=v+v # <0, 46, 0, 0, 90> (via add )
print(u) # print <0, 46, 0, 0, 90>
total =0
for entry in v: # implicit iteration via len and getitem
total += entry
print(total)
u=v+[5,3,10,-2,1]
print(u)
output
45
<0, 46, 0,0, 90>
| 68
| <5,26, 10, -2, 46>
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class CreditCard:
| def imit__(self, customer, bank, acnt, limit):
self. customer = customer
selfl bank = bank
self. account = acnt
self. limit = limit
self. balance = 10000
def get_details(self):
prini(self.customer)
print{self.account)
print(self.bank)
print(self.limit)
def transact(self.price):
if price>self balance or self.balance<self.limit:
print("Balance not sufficient to make payment")
else:
self balance=self balance-price
prini("Payment done !!")
print(self.balance)
def charge(self,price):
if price+self balance>self.limit:
return False
else:
self balance=self balance+price
return True
' class PredatoryCreditCard(CreditCard):
| def _init__(self, customer, bank, acnt, limit, apr):
super(). _init__(customer, bank, acnt, limit)
self. apr = apr
def charge(self, price):
success = super( ).charge(price)
if not success:
self. balance += 5§
return success
def process_month(self):
if self. balance > 0:
monlhlyfactor = pow(1 + self. apr, 1/12)

cc.get_details()
ce.transact(100)
ce.charge(100)
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class Progression:
__init__(self start=0):
self.current =start
def advance(self):
self.current+= |
def _next__ (self):
\f self.current is None: # our convention to end a progression
raise Stoplteration( )
let.
answer =self.current # record current value to return
self.advance( ) # advance to prepare for next time
return answer # return the answer
def _ iter_ (self):
return self
def print_proures:»ion{selfn)
print(’ ' join(str(next(self)) for j in range(n)))
| class ArithmeticProgression(Progression): # inherit from Progression
def init_ (self increment=1 start=0):
super( ). init__ (start) # initialize base class
self.increment =increment
def advance(self): # override inherited version
self.current += self.increment
| class GeometricProgression(Progression): # inherit from Progression
def init (self, base=2, start=1):
super( ). init_ (start)
self.base = base
def advance(self): # override inherited version
self current# self.base
| class FibonacciProgression(Progression):
def init  (self first=0,second=1):
super( ). (first) # start progression at first

def

init
self.prev = second-first # fictitious value preceding the first

def advance(self):
self.prev,self.current = self.current,self.prev-+self.current

if _name__ ="' main_":

| print( 'Default progression:")

| Progression().print_progression(10)

. print( 'Arithmetic progression with increment 5:')

ArithmeticProgression(5).print_progression(10)

print( ‘Arithmetic progression with increment 5 and start 2: )

| ArithmeticProgression(5, 2).print_progression(10)
print( ‘Geometric progression with default base: *)
GeometricProgression( ).print _progression( 10)

print( '‘Geometric progression with base <)
GeometricProgression(3), prml _progression(10)

print( ‘Fibonacci progression with default start values:')
FibonacciProgression( ). prlnl_progresmon( 10)

print( 'Fibonacci progression with start values 4 and 6: ')

FibonacciProgression(4, 6).print_progression(10)
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AD3251 DATA STRUCTURES DESIGNLTPC3003

COURSE OBJECTIVES:

e To understand the concepts of ADTs

e To design linear data structures — lists, stacks, and queues

o To understand sorting, searching and hashing algorithms

e To apply Tree and Graph structures

UNIT I ABSTRACT DATA TYPES 9

Abstract Data Types (ADTs) — ADTs and classes — introduction to OOP — classes in Python —
inheritance — namespaces — shallow and deep copying Introduction to analysis of algorithms —
asymptotic notations — recursion — analyzing recursive algorithms

UNIT II LINEAR STRUCTURES 9

List ADT — array-based implementations — linked list implementations — singly linked lists —
circularly linked lists — doubly linked lists — applications of lists — Stack ADT — Queue ADT — double
ended queues

UNIT III SORTING AND SEARCHING 9

Bubble sort — selection sort — insertion sort — merge sort — quick sort — linear search — binary search —
hashing — hash functions — collision handling — load factors, rehashing, and efficiency

UNIT IV TREE STRUCTURES 9

Tree ADT — Binary Tree ADT — tree traversals — binary search trees — AVL trees — heaps — multiway
search trees

UNIT V GRAPH STRUCTURES 9

Graph ADT — representations of graph — graph traversals — DAG — topological ordering — shortest
paths — minimum spanning trees

TOTAL: 45 HOURS

COURSE OUTCOMES:
At the end of the course, the student should be able to:

- explain abstract data types

- design, implement, and analyse linear data structures, such as lists, queues, and stacks, according to
the needs of different applications

- design, implement, and analyse efficient tree structures to meet requirements such as searching,
indexing, and sorting

 model problems as graph problems and implement efficient graph algorithms to solve them
TEXT BOOKS:

1. Michael T. Goodrich, Roberto Tamassia, and Michael H. Goldwasser, “Data Structures and
Algorithms in Python” (An Indian Adaptation), Wiley, 2021.

2. Lee, Kent D., Hubbard, Steve, “Data Structures and Algorithms with Python” Springer Edition
2015.

3. Narasimha Karumanchi, “Data Structures and Algorithmic Thinking with Python” Careermonk,
2015.

REFERENCES:

1. Rance D. Necaise, “Data Structures and Algorithms Using Python”, John Wiley & Sons, 2011.
2. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest, and Clifford Stein, “Introduction to
Algorithms", Third Edition, PHI Learning, 2010.

3. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Fourth Edition, Pearson
Education, 2014

4. Aho, Hopcroft, and Ullman, “Data Structures and Algorithms”, Pearson Education India, 2002.
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class LinkedQueue: =
"*" FIFO queue implementation using a smgly linked list for storage.’

class Node:
glgme t *ﬂenRUbtW w’gly Imk«ed node."""
w naxt): -
ch:f '-w.t _—e"fan&%
def __smt_._g'%f
""" Create an empty queue.”""
self._head = None

self._tail = None
self. _size = 0 # number of queue elements

def __len__(self):

""" Return the number of elements in the queue.™"”
return self _size

def is_empty(self):
""" Return True if the queue is empty.”""
return self._size ==

def first(self):
" Return (but do not remove) the element at the front of the queue.”"”
if self.is_.empty( ):
raise Empty(' Queue is empty')
return self._head._element # front aligned with head of list

def dequeue(seif):
""" Remove and return the first element of the queue (i.e.. FIFO).

Raise Empty exception if the queue is empty.

if self.is_.empuy( ):

raise Empty('Queue is empty')
answer = self. _head._element
self._head = self._head._next

self._size —= 1
if self.is_empty( ): # special case as queue is empty
self _tail = None # remowved head had been the tail

return answer

def enqueue(self, e):
" Add an element to the back of queue.™™’

newest = self._Node(e, None) # node will be new tail node
if self.is_.empty( ):
self._head = newest # special case: previously empty
else:
self _tail. _next = newest
self._tail = newest # update reference o tail node

self _size += 1

uge oo 3L o Lmplement the @uiu,a ADT; while
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“YmpdoitYic ntinag Hacle t4001th A Sl

class LinkedStack:
""" | IFO Stack implementation using a singly linked list for storage

mwrn

# nested _Node class
class _Node:
"o | jghtweight, nonpublic class for storing a singly linked node. ™"
_slots__ — ' _element!', '_next' # streamline memory usage
def __init__(self, element, next): # initialize node’s fields
self__clement = eleament # reference to user’'s element
self _next = next # reference to next node
# stack methods
def __init__(self):
""" Create an empty stack.”""”
self _head = None # reference to the head node
self _size = 0 # number of stack elements
def __len__(self):

""" Return the number of elements in the stack.™""
return self__size

def is_empty (self):
""" Return True if the stack is empty """
return self _size ==

def push(self, &):
""" Add element e to the top of the stack ™"

self._head = self._Node(e. self._head) # create and link a new node
self _size +=1

def top(self):
""" Return (but do not remove) the element at the top of the stack.

Raise Empty exception if the stack is empty.
if self.is_empty( ):
raise Empty( 'Stack is e=mpty!)
return self _head _element # top of stack is at head of list
def pop(self):

""" Remove and return the element from the top of the stack {i.e.. LIFO).

| Raise Empty exception if the stack is empty.
if self.is_empty( ):

raise Empty( 'Stack is empty')
answer — self _hesad. _element
solf_head = salf _head _next # bypass the former top node
solf _size —= 1
return answer
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-
Ao eI plomentalion ©- L

class CircularQueue:
m= Oueue implementation using circularly linked list for storage.”""

- Nbaa. -
C’[m _Slols. - = '-elemant’, ' naxt’
o _t;g{tttf%elf,atgmui,wl‘; et
N Zolf.-elepnont =element - - .
Aol%e —next = next
def __init__(self):
nor Create an empty queue.” ™™

self._tail = None # will represent tail of queue
self _size = 0 # number of queue elements

def __len__(self):
nurooturn the number of elements in the queue.”""
return self._size

def is_.empty(self):
nne perurn True if the queune is empty." """
return self._size ==

def first(self):
""" Return (but do not remove) the element at the front of the queue.

Raise Empty exception if the queue is empty.
if self.is_empty( ):
raise Empty( ' Queue is empty'}
head = self. _tail._next
return head._element

def dequeue(self):
nnr Demove and return the first element of the queue (i.e., FIFO).

Raise Empty exception if the queue is empty.
if self.is_empty( ):

raise Empty('Queue is empty')
oldhead = self _tail._next

if self._size == 1: # removing only element
self._tail = None # queue becomes empty
else:
self._tail._next = oldhead._next # bypass the old head
self._size —— 1

return cldhead._element

def enqueue(self, e):
nne Add an element to the back of queue.

mEre

newest = self._Node(e, None) # node will be new tail node
if self.is_.empty():
newest._next = newest # initialize circularly
else:
newest._next = self._tail. _next # new node points to head
self._tail._next = newest # old tail points to new node
self._tail = newest # new node becomes the tail

self _size += 1

def rotate(self):
nee potate front element to the back of the queue.””
if self _size > O:
self._tail = self._tail._next # old head becomes new tail

"
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_:H,—_Imrimnm:%affon OJC DLL

class _DoublyLinkedBase:
" A base ﬁoﬁzprﬂwdmg a doubly linked list representation.”™"

. SloE_. ='_element’, paev’, __n_p,x,t

)

s __£nib__(&el elo_m.o.nJ:,
SWLTE -jis_,a&d 4,.da.svmi-&hman£ e fe

{ < el d_,a_—?—\,‘.a—Fm\-"

def __lmt__(self)-
""" Create an empty list.
self._header = self._Node(None, None, None)
self._trailer = self._Node{None, None, None)

ey

self _header._next = self _trailer ## trailer is after header
self _trailer__prev = self _header # header is before trailer
self._size = 0 # number of elements

def __len__(self):

""" Return the number of elements in the list.
return seif _size

R

def is_empty(self):
""" Return True if list is empty."""
return self _size ==

def _insert_between(self, e, predecessor, successor):

= Add element e between two existing nodes and return new node.™"”
newest = self._Node(e, predecessor, successor) # linked to neighbors

predecessor._next — newest
SUCCESSOr._prev — newest
self _size += 1

return newest

def _delete_node(self, node):

"= Nelete nonsentinel node from the list and return its element.”™’

predecessor = node._prev
successor =— node._next
predecessor._next = successor
successor._prev — predecessor

self _size —= 1

element = node._element # record deleted element
node._prev = node._next = node._element = None # deprecate node
return element # return deleted element
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class LinkedDeque(_DonblyLinkedBase): # note the use of inheritance
" Double-ended queue implementation based on a doubly linked list.” ™"

def first(self):
""" Return {but do not rémove) the element at the front of the deque ™"
if self is_empty( ):
raise Empty("Deque is empty") ;
return self _header _next._element # real item just after header

def last(self):
7" Return ( but do not remove} the element at the back of the degue.” "’
if self.is_empty( ):
raise Empty("Deque is empty")
return self _trailer. _prev._element # real item just before trailer

def insert_first(self, e):
= Add an element to the front of the deque™ ™"

self _insert_between(e. self _header, self _header._next) & sfter header

def insert_last(self, e):
mwe add an element to the back of the degque.” ™"
self _insert_between(e. self _trailer. _prev, self _trailer) # before trailer

def delete_first(self):

v Bemove and return the element from the front of the deque
Raise Empty exception if the deque is empty.
if self is_empty( ):
raise Empty("Deque is empty")
return self. _delete_node( self _header _next) 2 use inherited method

def delete_last(self):

"= Remove and return the element from the back of the deque

Raise Empty exception if the deque is empty.

if self is_empty( )
raise Empty("Deque is empty")
return self._delete_node(self. _trailer. _prev) 2 use inherited method
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UNIT 11 SORTING AND SEARCHING

Bubble sort - selection sort — insertion sort — merge sort — quick sort - linear search — binary search —
hashing - hash functions — collision handling — load factors, rehashing, and efficiency

Rubbde sont -
: A smple soluton @ the 8062 JEL b&m t the

soat salthm tohich Aeaxyan

b&iﬁn ) over E}-th,a Lost mum e o Lest.

) mues B bubblo (B the & one ;EM .
Ma Oc’U—thm L 1Les thgd 28 O

i ‘ﬁ‘a Am}a%an:}fn ot
Hho cands, toith e e the padvious
and endiing one Q&Tﬁ P‘MS , the ccw_o&m.&n Hflz ?‘»8 Fand,

Lleaatin ol Tf the fiast B mﬂh
ane Com
?elﬁconcﬂ D(Si,?:;:amn& the Etdo C’_CULOL& ane f

ecands n Kr@sﬁom woﬁaan Huaat oneo-. 4

on s bt Q thot
;hwiﬂw&a O*mw‘ég' a}ue vﬁ 4 c.aaﬁivo_
Thes A,éca/ﬁ contin jﬂg _ﬁif u 28t ,Eac_o_vwzuo_t

. \"'l'l“O‘-\--E‘;h ot the 2 w[f'h_'HLQ (Smrd,
&703‘ Tn the «SacOnoE mmﬂ% nox+ o Last

Dasqest Aace \alue L2 o also £t do the 5aw;ﬁ,
‘M bubblesoat (let):
n-= LU‘LCM"")

A 1 &n Aange(h-1):
fo i &nhaﬂfan%‘(n,-_-l)
15 (st 7 AETjD)
'l'em\')* Let[§]
. Lgf:[y-ﬂ
w[,f]f Temp . - |
. t al ozwfhm deo
wzn the bubble oa E‘iﬁ"
he arya
Dn Hw’ U’mbﬂrﬂ t’t_p‘fgﬂd/s altnrci t’th.!z Al [CLWG DQE%E‘
’Choé Ya}”uﬂs %o cﬁﬂ:@r‘mm the Q«ﬁwt@m e mne;lf

ol nuumbea of Lleaatons
’cgﬁ,r‘mﬂ(?« trfg, {C[i)n'i:a':r%t ttLﬂﬁ ”U’— tbead oo
/i n | tlmes /S,mmj the a AL mmcnco_a n"‘,\%ﬁﬁ@
e0 afh&[

co.% neeMbe




e.com

Subject Code/Title: AD 3251-Data Strucﬁlresélfsr _ Unit : E!

EEEEEEEIEEEIE) st
EOEEEEEEEE) s

oss whioh places the I ghows the aamacncng passe
-'I—\Mt Ek the Comect L'D ,&ozu: the otemenkt - nﬁ

lbt Q&'t’ Q,tcn'mrlt bk
. . of the mest

B@bb&af?szhﬁél cﬁ?‘.ﬁflw QM OJLF‘LU-meJL o
A0, . Gtiven cm ausm l& ;r;n ﬁj:;ff,z ?m

wa

mé:&dtﬁ, ?@Z/(gtm\ll E \/j—obg &%—{ a o

Ae adle d’)’ (S)ZU‘['QSQ

4 tho-
b e “*wwa&fa e Wﬁ;’iﬁ%ﬁj g
c’lfo 7 nC:&Lg




BuBngg Beeicom
f'iia'%ie:t&:zsis
©6 4 & 8 H b 6

N = % |
Ttesrabion — 7T bg the @udes LE@F?
Tte}la.fj‘gm Dg ‘LWL VEO@P\
EL:L 3 ltr 4% |1a 15 13|
eve KA ' -
J)L:O)jzo

LSELTT S Dot [+1] s Ast[oT S st [4]3 4453 = Touwe

- Femp= BT = st To=114|y) =0, j=y
BT 0] = dst T+ 4= L8t[1] = 3 18> 155 e
et q1=0st | 4 ~ te =44 emp= 1%
= [" 31 B el XD = 45
| s = .
| - _‘ bH5]= 4%
D=0, =4 B’I“f}iﬁ}:ﬁ& 15 13'13\
1% 7= e i)is0, T8 A
'te,(nP: he . o
18513 S>Toue
.,Pﬁt[a']t? I *:emp = 49
Sstla] =44 - Jdstg]=18
3 | #[1afsefda a5las | stDe]- 18
) . 127 [41[12fd5 1z [4g |
i E;O)J:Q ' 0 1 &:73 I 5 & ‘
14 > 18 Stalse ;fte"La;'e” n dg—!‘PuL duten loep!
5 | |44 48 [daas | z3] | owors e innex leep
e L | & | |24 [ja'lﬂig'ﬁ; 1q
. ] & - | \
f!V L=0y])= 3 ?)E%:—;ij:a 3 4 5 ©
{ts LA B>y > False
V) =48 :
wt0g- 12 EW
=4 ' i ;
VP‘&{'[LD . IDL: i)j.: 4
‘5 7 |14 |da| 18 4513[ T>diSfnlse
s | b— | 7]22] 12 jé‘li&’d‘&’ -
| | = [ ol
| Downloaded from EnggTree.com ) |

3



~_ EnggTreeteomption- &offﬁ.wu:ﬁu loep
B[+ [41]1a|45/48 |18 | | Henations of innen Locp!
A
)C=4,5- 3|v [14]salasz5 |8 | |
14>4 8 >False Y1 9 3 4 5 b |
3 |7 [14]da]45 [43]48 ] [Di= 5 =0 |
Si-4,523 e 3% 7 =>False
Mt=4,)=
_i Qy>15 -;Fblée E'_V_KLEJ:{'% (151 i5 liﬂ ’
3 [ [a4]1a 1548 [48 |[Wi=3, j-4 |
%o d)3 L - 7% 11 >False
v)t=4y)=h — '
45 >185 Totue 3 [ :u(;a 15 |45 |18 |
temp = 15 ol o i '
M_r[i] =49 i)i=8,7-2
2st[5) = 45 44 > 42 SFalse
2] Y |14 [12 |28 isjie] {6 7 |44 |da | 43|15 :tsal
b A 3k B B | o 4 2 C
I{@taﬁpn—i é)fjﬁemm LDBP‘. _ 8 H i
Tteations of wnnen Loop! Treration -V of ff, muten loop!
3|7 |44]da 13 |45 |48 |Therafions of unnen Aogp:
o1 & 3k 5 & | 3 vy|d4]12]18]45] 38 |
;)i-—&)jw L o4& _:z‘ 3 & & 6
377 Sralse e U=y =6
3|w [4a]1a 1815 48 | | B>7 Fule
H)L:& )j: 4 3 | 7(_|7\ : 12 Jﬁa 15 ’_{g |
1rdd SFake Disni s
L3 [ [aa]aales [a5 0| | 132227
" !;/ 317 |41]42 [JS]ig‘i«g]
i=, )= | o 4 &(\ & # 6606
L 44549 STalse | }Ifexaéf&n-gf %0.,&9& sorfos [990;
’ e I :
‘5'7Ei‘i& 1‘5“5 e -[ii??esm&hzafugnmiﬂap.
- — |\ |3 | v [11 [12]13] 45 [48 ]
' |
N1 =9.1=5% : -Omi 2 3 H 5 &
V) L*&)J.‘ - -
g > ds>Fals | 2B, a0
f r T BYY Stadse
sl [a]sa]]us[1g]| 277
04 2 3 4 5 & % | |44 |10 48 |15 |48
j Downloaded fron En‘g‘frgex,@ I =

Ly



Subject Code/Title: AD 3251-D
ata Slructgﬁ ge?Fee com Unit : Ei

Solec Hon Loak .
Se[,uﬁ-ton oat @ a Asoattn ol oacthm that /gelacﬂes
e B cloment AAom wnsoalzd Mb £n eachl
Lleaotton “and P,mce.z, + cleme mt at thoe bmaxmmna%

e tunsoalzd

ab./g, golootont AsE)
n = tonClat)
foa | &n aange(n- DE
Min= L
(i+1,n)

2 LN AQh

PO far g7 Qast T
L men =]
I+ M/Lnl L

Co n—H Nnues
AuecLast Ve zéﬂo—f-"'f
Aom Hw&e.

them
Lol and ¢5
Values An the Acspe :,a(w Fo,a'im

The .«SQ,ULd—ron(don’r Lohieh
molceg -t posses pver the avra
b nepositon N \alues X
also OLNR)

The dliffenence between
the setectt Loak and bubble]

goak B that the Aelecttonios
aeduees The number ot Suaps

‘oauiaeol Lo Boat the fest
—___________Dbownioaded ffon Enggfree.com
. ) cmmul" DEPARTMENT OF

SCIENCE AND HUMANIT TIES




B SE L £ CTIENgITEegom
L5t [8 43 ) 3| 47| 6 a;]
n=6 O 4 2 3 4 Bis = .
Rass— T. 8 8 3 4y ¢ zg |W)e ﬁ,m],n, 1,)=5
D i=0,min = D)J L ZLLDF
Jakf\,‘jzﬁz»kfmm]é L1 S 3 6. u% 17 2 zg
2 4% 3 147 & Posd- -
l \_’//’ &8 r)L o'é;mm o?)J 3
;’iQE:o_, i :ojj =9 AvLHE T
| mh=3,8l=2 =T ¢
| Efg?&‘r Eemp= 4, Bt []> Lz%)&,b\:[&:] 1y
Pl =
imunl"o > 20T )5 C B s =5
L= a rntn = i
. temp = J,é[‘[—LJ ‘Bfemp \,Q,btroj){;m? Q ‘B‘Li‘?>7 b d=
'JéffLJ Lot 5 4sHo]- Mt[;blaffj!i min=k, 4122 3T

:-Lskfmu[] %emp) lb[2]=¢
5 43 g

| vjkf y o8
'fl.f)':-'-‘oamr-ﬂ50,5:5

47L£5 S F
:.5 e 8. 4y _¢. z@
_TV)E=0;mm:D;J:H b
| 6LBZDHF
.3 4% 8 17 ¢ =g
§V)EW
| " 38L 5 Y *
N R
ém—'ﬁ‘_u ;
él)z:i)r]’[,(}]:j_)j:oz
; 8/—#‘3_?1 \=4
L hth 2!

temp='¢" MF&] hg et 4)=8

NN

*—-—-_"I‘_cg_,‘aiV’
1’7/_‘8 >F‘
3 A3 1Y

”I)(.-‘iJMLn.#‘_JJ L
EL%":’L; Gl=a=>T
mun
m?:-{: Jhatﬂzj'?) Vp‘ak[‘&J =6

6 ks 1y 2 z%

6 &R

k: 6t R

b

nloaded from EnggTree.com

(5

emp"‘@) ,ut[;ﬂ 17, ot a]= ¢

i

| 2 43 17
\‘\_J/'f

l’ll)L a'JJmm ‘Q’J‘ :

%L 3 >F _

Pass - ¥ .
D=3, min=3, j=h

17288 > T

hune= L yhql=3 ,>,
tffﬂf =k, %kfsj 17, ] =48
L3 e % 4y 2
IQL 3z, min = S)J—g = 58

BLATISE
3 b % 47 ul By
Pags- 3 S
DE: L,t)m.tp_n :L})‘j:g

28 LLE v :

rn;.ﬂ. 6) 5\"]-{- >'-r

%em,p 7: 1ROV o g S 5@)%kf5.]—1#?
5 & 3

‘ 1% - 3@ he
| sooked Uik’ |

| .

| 51 6| € |17 | 22 ‘ f;esﬂ
l o 1. & 3 4 5

i

i

6 -



Subject Code/Title: AD 3251-Data Strucgﬁeag L Unit :
&.com |

Mcm:ﬂéom‘: .
I
oAt UEe Aeccusion Ln &P oﬂawﬁme_aﬁag[a

F@tm called diride and ongun
:DIV'LCQ.Q_ ath,
Tho. dibide. el conguen pattonn consats of-fhe

uouﬂm thaee &Y
'EO a QID& size B amallea than a4 ceatain

q F?w Lil& (ene +two) Lolve the peoblermn CQ,;_M& Weing.

| AtAcdght zwmi meothool andl fotusn the AeluHén
i;o ob{?&? .OJrh_oJ\.w%Q deniole the ,e_nFuJ:dlcu:a_ tnlo
oo oY Mmone- ]e:mi? «sui’a&\s

nquer: Ko ccnsival the (Subi:)mbf_ejm asgoccalad) totth
Awbsels . ‘d \

Combing * Toke the &oluttonsg 6 the Aubpiobboms andl
nm;athgﬂ Lle o Loludion 6 +he oayginal T)Aob&m

U,z,o, Dinide and Conquer foa éoaﬁfng

EEDfWaU If 4 hag 20a0 oai’ omcﬂummi M’i-uﬁun&mmeahfﬂ@[-

| iz alacady seated. .
o—k?um,otéo- \Q\ﬁﬂwm all the elemenls -faom

SOJwQ- " Ank ttoo dequerpos ¢ ¥9y,each

Containen O«bm«t ho Jj elomenlz oatg,ﬂosz

8 cont Jlmr&‘c ['-n 2] elements of g ancl

Sa,comtmﬂs -ﬁ\a Evhjemm.mk,
Comuea . Rectast soal 60— j 81 and Sz

Put bock the eloment: £nte &b
e foalid Leguwence S and, 8 inte ﬂanmp& wente
We can Wmcllo_ an esecdton of the Mmﬂf,ﬁ_blt

oauthm rrw,an&é) a bma)_d-}m&*l”, called
Lok Gaee . EFach r\,oJJ.OJt senlfE A Swecurgiva

Hon. O soat acthm , 02 assotiale
wl’f‘h mmfi—’iﬂ- \f”o T ;L’cho_, %Qz[;ugtw_._g that £ ocosseol
the Lnvoeoction %oua&i_oﬁ, ith\¢. The cht f_
n;loﬁ.tl ¢ ane axsocralzd  tocth the Accungive cals that
nocss tho. 6ubae S and Sp of S, The Qxfmaﬂm&ﬂ
T are @hsoccalzd  woifh andividual olementz of 5
(;éﬁeﬁorcﬂm o Angtances of tho Q,’?@Mmm ek makes o

Uﬁmluu.um i
|

uuuuuuu ’.- DEPARTMENT OF
T ; Sor  SCIENCE AND HUMANITLES



EnggTree.com

RS 50

Gs 24 ‘m/u) C‘\u‘ a6 .'m) h42, -éoﬁ{‘ ‘}'ﬂ.QD—T?lLD?LQrL

\ \_

x‘ ~4 63 .ﬁ ‘ ,tl ﬂ gxo E‘fon O.jl‘fh,a U
a«Q, oatthm on @ W
'E[épn(?&qéjmfﬁ&égt g%ng}gr 8 Gl DR

__________________

..................

...................

_-' }.__, | S s
_8oat . Eachhale

sos olaauen tifh Hum, 26 ALprssent
Aomainng hooles MP&% ont ' oalls thata
,Ln\fomho ke Amem

% sont.



EnggTree.com

(

..................

~......,-.... ...........................

.........................................

................................

...................

.........

.......................................

Ntsual iaa Hon 0—[1 an execution of Mw?a,/som’c .

Downloadedq‘rom EnggTree.com



Subject Code/Title: AD 3251-D
: -Data Strudtpy, i
gdksge.com Unit : 7}

—

Amqéaéeoﬂ Impﬂerrwrd—a:}-ron of Ma;u:
" The /sa tgL Lemns 8 fé"—ﬂle as an

hon Lest wa. na,hon 73 m?omgbto_ ,fo a the.

50l &equences$

ﬁnaﬁzoiwh thg/t S. LO;L fﬁm olemont

e h Jcha L
iutm ot Loh Q‘Hil the nmd* etugwnr Ahowld bl faken

{&Om DnS

a,Jf n‘uz),éi (81,82 5 6

ﬂm 1y ]
wm[f%l*\]f_l :?Sa) on Ci(iﬂ.n@f)ahof N D']“SJEJJ) '

.9[1'1‘\1—] ‘S'EI]
- =l

leo
S D*ﬂ S&[J]

3 Lt fmba J)u:ufa
UVQI o g /SEﬂP xnw elemenlg

P(\-DCQ_L%/-Q«
S| acsonls

O S17 that  have bafm cc t'o_g, P
J;—h,o,numbﬂ&- s} P,Lﬁ.m_wﬁg of §o fhat hare bann, C@Dmap foS.
ve ot feast one tintepi

Lm'un Q1 & K both
tho 4Amallex o& e two 2loments E&

LOQ ach the ond of one- o mx;o_ wamw
|EOFtd Hvie noyt element ;ﬁ)@m Hhe ei:h 22

5, LTI 51 CT D [l
5 G hi:uslmaiu 5: 5T 1-?»1-‘s|slt§zx§%\
s[zlseitsioa n TTITLLL] SE lalslillll{;l(ITT [T
N {u) Befomfmaapd h, A—ffé:Lf‘thoP&J'
A ok Hhe o - ftoo soalaol Array for

wheeh SaLjJ< &ilr ]

[3ownioa3eajrom Engglree.com 3% ' B
CHENNAI DEPARTMENT OF

|||||||||

LECHNOLOCY SCIENCE AND HUMANITIES



Subject Code/Title: i
] e/Title: AD 3251-Data Slructl.l:.rﬁsgléc.ﬁ;ge.com Unit :
oﬂ;,{. MeoAqe _ Aok (8)
& LE e )
N <t
Aettian
meal = NIl

St=8o:med] =ffopy Jc‘”“tg“l

Sa< slmed in] S copy of secend el

MeAge_ Svat(s)) 4 Sot CDW Q]L-Fem+haf-,ﬁ
~Sak (S2) = oat Copy o

MeAGR (S 82;8)‘;5:} rruu?,a Edm,gd halyvos b

The Awnncng Hme 0f Meagesoat .

tnetole eakhpass of the while deo

DU 2ach' Llzaakon Ir

R iAaons DUL the foop i ni+ne < The Aunni

_ )b
e = {o‘l’rﬁn/}‘_)‘P Cn oOfheawstse .

Lecand Mﬂf

Lot N dpdng be fhe (number of elemenls of Clard$y,

JRo & cehively I8 Clean that Fhe QFQMH'@’)& ﬁfo;iearmd
Ek take o) .

ol +he Losp,ONe element C@Pc‘aaq

zom (| ecthos 8 e S «nls S Thene fo2ae+he numbm.o_f_

B Otheng) |

Helg Time per level

""""""" Oln)

Qilog
QLQQL%&L |
il Lik + denelz the werstcase

ha Hme of Med soat efL an fLrL!'th' ée;;inmof
ﬁu”nmnag‘n& Lot 3 Aecuagivie 02 can chaxacteyad
glm&;-gn‘{m)b mea N& Dj— an ecl/)uaHOh t,bhm:rm
iﬁ:&aﬁ‘on tny 12 }jfzamwz Lxpaess o i tosmg of 1Eel L
ey P

ack inle S .

Aé? Hime o{‘_ a.bm'fhn

—_——

Downloaded ?[rom Engg [ree.com

nnnnnn ~&g® DEPARTMENT OF
-:::_':giagef SCIENCE AND HUMANITIES



Subject Code/Title: AD 3251-Data StruEwgng'ee.com

Unit ’T!T

p—

High - ke

a,t,ufak, 80/},& P

L

P

% Dinate + T
,&fo,ci.ﬂ—iﬂ-
A

1. Split using pavod 1.

W allae
v Tl,sc ﬂ{ma@ombuﬂ @o

1 Common paoct s
-Qﬂs-tme.mman{% J:J’LPS'MOVQ‘ adl
put them Anlo fh{fnie-a

p.L,éfO?U:,n . brpienice ,@nSQL@.D,EBx
aj__

Ackh m SoUZ
Fvi@ et CLFP*GO'Ch'

& has at
¢ hoose the P

@Lw:cfczéoa{‘ ol;]on.tfhfn s also bO-«‘SﬁLOﬂ on the o@m‘aﬂa,

ol Co : m .
I ﬂwf—;&eﬁc&ip}f‘ln of Sluce koot

feast tt0O wm@/wﬁdf A

mont ijfwm 5 ik 55 [ Q'H"Z‘r&
the elemenls daom S

ALAequences .
mebn]g tn 8 logg than *

Q %Q?,ua_n& S

s peocessed
nc(i%— ey hede of T)

Downloadéd from EnggTree.com

mmmmm ""- DEPARTMENT OF
helwtidoy  SCIENCE AND HUMANITIES



Vi‘éu_a,ﬂu_‘za’rfon O-f an 2xecutfon o]t c:[}ae}czsoétt,

Downloaded from EnggTree.com  cuuude ocearrmenr o

emoioor  SCIENCE AND HUMANITIES



EnggTree.com

.............

...............

................

..............

...............

T v ) (@) (b ws m}) (Qn W15 a & w )
\

C_ ) C ) ( /—/)\(\ )
B HE R D

4

Nistalizaton of an execfion of OIELL(;LCAOZJ-_-
' Hon &tepa Pm.,—fcimdcﬂ 2n © and 7

on Genzaal Aauant®.

tohile. not Lewem
i S. en \_uQ_LLQ(_[— }"LQMD
cwhile hédt B.CgemplgOd:
" B o B Pumw))
L:ﬁnﬁ&ng Sr_Q-nC)}LO-U'Q' C&‘CQQ_\JPLLQUJO
E=Ln WIEE

_LinkedRuote®
G =L hot g,iwniiud('):

£

Downloaded from EnggTree.com



EnggTree.com

aT O-f- Qo k,-«SUz,l:
e ‘f“& the 'ffnﬂﬁ Concatanakon o-jl

yoplomenticd ' in Lnoa tims. . THiks
Qk,éeaf Can bQ =)
Loilhrm,,s nc{ata,gffhzo{ggﬁg(?mwmm Pﬁu
e Vo as kLot ccal QOQ b nmw
bld th& '& (gub:c? LLLC has atleast of\o_gﬂm
&er}rgﬂq in[buk«s;ms of- the m[&m%\r‘w i il
=4
L cﬂmou: fo gurm of 4he Ot si203 Hw \
O@nc&ﬁw. TOO‘C MT I3 3&% Loiththe ﬂr)H
20 \,Lema,;@" 0 | Q=n- l»anmm PIVOL‘ % not ’onFOﬁ
de 0{. ah 2xecutfo

The owm_ab,t Atnnen Hme. of-
cont as Oeh.h) pohore D the overall huahb @JCT:Q

oyeocuhon .
font tm‘ﬁf}l ’Fé)vw_am Fazlr]teztmanca o.f- CVJ.L(‘JCSOZU{? aﬂa@&&ﬁm

v Ot Qw
[) " ; ‘
ahdomi G ((SM:': ; ‘ e .
| thed 4o analy2ing it ajegodk
't Ommw;wn;ﬁ bt I &Ltd'mb‘j ;m%um

Mbi bQ‘QOl:,h cto%glcﬁ}bnm rmouﬁe_ of-the deto

Hﬂmag an Otnloan) mmma fmne tcv,uc_ksc

. at Zancﬁ
JCksng P‘m&’gp{g 0 i&n Frvc% as the {me-F oa last
ch En eldment Sat 2andem as the Pw{»

P et
clemont of 3,
i tho algeaithm undhanged |
keephe o Shaten of g e i oo e
ok The oxpecks wnnong Hme of Aandomt
X ©n al Requence Sof Size n I @cﬂicﬂn)

Expected lime

Total expected time:  O(nlogn)

Downloaded from EnggTree.com




Subj :
bject Code/Title: AD 3251 Data Strucluresgesi

né'@Tree.com Unit I: Abstract Data Types

. Trvorteon seat .
Tﬁa Lnsotton goak 8 a ',stzmaht mow_cﬂmdimm— ‘

C::gsmthm Thesexdton seal U ¢z2ale ov:fzn the UEQH
mQrLtE tng the &Loalzd
COmpano- ?G:Whj ploment octh the asf volue
avouillable  on the goatsdl . TL the awsvent ,alamanb
1% o, then At Zeaws the nt £n (2 Plac&
oy orLLB the next .Qlinmrzn:z Q,E«&Q_ Lt %nd«s AR eorroct
PO{SL{:‘IO(L LN the Loaled oona tt o that PO&rH
Lin  the o Thtz 5 ac un,fha.eLamcana
towonds  the n::;ushmh 071,2 TM Cyrent
eloraent, £ the FD&h@n ahead
Alooacthm .
el Lmutfon,so&t[.ﬂgt) :
n=ALentdst)
for L &N Mange Cl, N
1= AL ~1

while j}-o and rYu:rlé[ét[J‘j '
Ast[+iJ= 8t 0 ]
J_:CL
Lgt[\j%l]:miﬂ ,

“Titne Com\au_mL JY W%Iffeﬂ soak algoaithim g OIE

Y =,
85t8a1 f=a] - {%lmn

_. ) hun = & | Yislo and 1< 1&LT).
ﬂ_5/L’ -7 Lt [yJ =18
mib =8 2>=0o0nd &<l8[“r) e 5,8 18
\‘1:0. [3]_ M & j:’& ) —1
BLRLT) oy o B 3;,_:&9 1 sr=0 and 14 8 (M

. Lot [3] =8
5,8‘,]8;&,1 {>\)0C¢J')CQ &(8“) 3)55[_3 g ,1&
‘! :& Lé L?J—.I— I\']}:[ :

I mih=\8 ‘f Y , 88,1 [ >=0 and “1<BLF).
gz 9=0 o8t Lst[aT=1
I?ZOM}@J‘KG)- Oyl * SL[11=5 3 a,65/m1:8118 -}

I let[2]=!8 __,5 8,18,

5, B/1812/7 sk Lo] = &
I 5,8,18)T,

[
C"'“" DEPARTMENT OF
'b cccccccc v' SCIENCE AND HUMANITIES



Subject Code/Title: AD 3251 Data Structures DEsiaggTree.com Unit [t SOt s wnes,

S

Lm.nm_ SeonehL . _
T"_éam,&h T canch A gzu‘.{:fm.au
Tn this P&Q{' éwﬁ—ﬁh a,/s;?l émﬁf 3 e
(lzmg o b checked t mﬂwfm
ound. 'HLQrL P s odon Ll 1% Aottned othmwmz-m N
cconch  conttnud Tl the ondl &I— the elomenbs £n the
A goastthm .
\
O\.UE{ }Lunr!@{?;r)émch ( st %) !
on L ALn Cn_'j
i Jaeri= G
Aetunn L
Aetuan -1
Eﬂ : "Lnru,t,wst ; 50-,38,»&,[&,(0,”,1%/4 |
| n=g \
/5D*Mh' Q’D*Q'mnﬁ X = I 1‘
L-0  Ast[0]=50 Check BO== _ 1a, (FalseD. |
12 ( Falbsed

| £ =1 Agk[1] = 3¢ Check 38==
£=8 lgt [8] = ha check pa == 12 (Faked
C=3 Jgk 3] =12 checl 1d==12 (TAUR)

|_cnean Aeandh oAl

thm ¥ émtaﬁa«ﬁo.ﬁ& ,5maj))1@/x f_m#c

e i RS wmﬂt o www

lo©

) 1| conguma
,Q,o/&t L
F Ou't -Lh'o— wLH'L eoch eloment O{f the Lest

mmh Jccm bta Cornpony
' 5 Alqeatth

Rost Caze =0C1)

Ave caxe= OU)
woz\éj(}w’:’i =0ty

—)

aded from ngg reg;ngEPARTMENTO

[ 'T SCIENCE AND HUMANITIES




Subjec ;
1¢¢t CodefTitle; 5p 3251 Data Structures Detlgg Tree.com Unit IH At snas

Binaney seareh . | Mhm WHR

ane gl 3 ccigm sl

wonkg on the e, -t?if Qj&mm)t mtm&fc}be

i -Bmomd goooch  Bearches & P%ﬁa% Bﬁijﬂ

WM[‘?- m@fbf m Etrmedd T

ern .F ,eio_m & ALTUA

mﬂa&%mm’wn the 2 Hho AlEm Hhon the Aam s

mlmdﬁgi@n%$a wtmﬂmWr%ﬂm;md&u
in the AwbloM

”wﬁkﬁ@wmgﬂm ilam &) searchad DA}ﬂTm&&¢

2o wﬂ;mﬁymug?m%&mmwmon

bﬁwl%“% 4120 of tho suborray neduces b2
| gubaxyoy O Lokl unttl fhe f Q-U f
Y e ag| B0 58 4o uB 52 5 |
e e e e S R R R -1. ,,
Wawm
{ dbz{:_— bui:ja&aﬂﬂh (Lat jx dowo, h‘ﬂhv

Aetuan False

- d = il I‘
ud = a0t ey
f x = ru;ﬁnﬂj:

|

Acttuan Taue . . ‘ ’

elel e < At [ : . |
Aetton btmm.a,smch(obsl. %y lous, i )

else
Aetunn b.hijéQMCh C.ﬂé{‘;x,n’hﬂcﬂ;ﬂ,hﬁah)

Downloadedgrom EnggT%gememmmo

nnnnnnn SCIENCE AND HUMANITIES

— : e e ey E— — -_ ——mm‘_"___ — O - ____._..-" .



Subject C :
od .
e/Title: AD 3251 Data Structures Els’l]gélgTree c Unit I: Abstract Data Types
om

Qj\ q |5 18 ‘?SISO’/XM )1\3), hg r;g,ﬂ I
mud. = 0+q1}& =) m"a
Learch oloment = 58
Now we compare -the Volue 6+9AQDQzO«ET iocnﬁ‘or“_“
Uﬂt‘t’h tho Lcoach element 38 W) Lgt[H]= 305 38==230%k|
Tho mmcj[maﬁmthanmi& R0 W the
owd o | and 4ind the ngmeoQVﬂQMOﬁﬂ-‘

Now Aoto = m,Laﬂ_+[ = Lt ,h»ah =9

\ - 5+9ll& =" mid |
e 3y 2o e el 53 64

Ast[1]= B8 /Saaxch clort |
Thoe \Value éfoaza@ax Locodfon. =t 18 mt a makteth, Aathon

‘Lo Less than Wwhot e 0re  Lean . Ao the valuo
ust be the Lomm?cmt ,ﬁmm +hig Locdtten .

9 15 18 é,é“'éo% & 1e 52 b5 |

Loe aalau&,a&,o_ The med Bgaud
Low=5 hegh =mid -1 =6 rmdl s5t6l9 =0

oo Cﬂnicmﬁ- the Yolue Ktoned. at docodton D woith oy
tcmau: we- »ﬁmot the /Secmch. e,tmmn‘p;

9 15 18 a,@ 30 e,g H& "'J*g 52 65]

oo conclude ol the toaget Value 31is Lozed ab lotakions |
geonch halves t &oaachabbe dms and thus

B
mﬁ the Couwnkt D]t CID'TLFMOM & e mooﬂf_ V’Gﬁid,; I

5.0 AL
04 neo Mo 228

The Ccomplowld of btnary dearch onlthm s
@Uianj P L(j W GLLJ

cumuu" DEPARTMENT

Download&d from EnggTreeﬁt%ﬁ?f SCIENCE AND HUMANITIES

LN



Subject Code/Title: AD 3251-Data StrucEH@Belsi@b com Unit[ll: .,

Hashing

Ha/shﬂj}] Ié-bhp.a/ h’;@ihm

. of the
.L@ﬁ the ondex Volue WL L moks  accessin

N o to \/tﬁwl pes
thon, the &Lc,ﬁonmxdmb +‘a

L—D”HO“ MLE +he abz&machon
)f *La:ac Auch @t

Pl
kﬂ‘-‘i/S Qv h = ,L[Lm‘& U-g: mj ‘DN]

NSn TH this cose Y02
h look +a bl ojL ﬂna’rh N
____,I_-_-——— PN i e
| .D’ ;ZI lcr&.|

S S .f—r"-

_I
)

A Looup ioble.  tolth Lo ”3“"""‘

it Joy ke Ok A7
Jj ! hﬁfkt&j/-—f@dttﬁow and _Ag,[ﬁ,Lchm_-CaD

OCi7 Lo ' :
lo hallenges 4N Q_X,EJ’IAJ—n-q thiz _P,_a_mwaak-.

e F?""Cﬂﬁ O]C mffmé)

%W i m-mP]mea dla)oan e;.!n_Jr

lof the I’Lcwh ﬂft.t cHon'.

Linsh Teblox. s

' Hash table = QO oﬁ,otafshucwnmﬁ— Uﬂf’hlict'-ﬁ HML %

dota olement 1*5 m
Liphawed ok G @cad fox the

that 0o I«U'Lowﬂ

map oIt
; ‘n a Song?
7 8 an /1@ aesont the. ma]’ M&B

m_a,P C’.sr‘d'mtfma s

p),(3,2), [E )ODC!C'I/
i >Tn thig /7112 Apbentaton, e stoae_ tho \(aﬂuﬁ,aﬂ-&w
i the table. Basit mgl
L

T Qown 7 dovolz an Omraa =

acquune that a

chore
u&ﬂa&

M[gﬂﬂ ent
Mﬁk s Lmﬁ~

o2 some|

chchchchchchchchch
B s T DA

DOowW Oa e rom ngg ree Com NNNNNN " DEPARTMENT OF
SCIENCE AND HUMANITIES

I



Subi .
ubject Code/Title: AD 3251-Data Strugires AR com

Uﬂit III ?‘.‘-l‘v-. - ..’.;...

~

The hash table
eneaal o Qovros
kfujsw

a i bo tocl
bt@[\)‘f‘j‘j& a
bo tw bilﬁ.@m

©

hash fun
dustint

wsed (5 hash nakon ,
anm a -ta’ﬁ,b‘im.

chten  buk LN PAD.CFFC_D,
kaugs 1hat gt mapped o tho

(6.A). (39,0C). and (7.Q), using a sim

hotHon4 .

The Rcwh»fyu
i D T ey ol
0'5 e ‘]'h; MmaLin 10@1‘}0

hosh 4u

W E A AN

Hash

neion  Voluo hCied

b &
hash Vaolue,then tuse

s the Aame bucket in
oce

It B common [6

oC

maﬂo‘f Andid

. that an. gont
mayy han a Colleckton Llamsg
“,'Ba‘fﬂ &Pﬂmc Lndlex btd tﬁi hash .{u_nch‘@n
- ' 3 4 6 7 8 9 10
56 B aliy o o, 8 8
Yy ¥ Y ¥ Y v v Vv ¥

Figure 10.4: A bucket array of capacity 11 with items (1.D), (25.C), (3.F). (14.2),

nckion h 1 te m

a hash tabo.

(4™
ia)

ol ©f the k&ﬂ k That ® Wwe &lene the

2 (s (kiv) 4n the bucket A[htky]
are Fwo o Mmeae

!

Wew the evaluakon Oi a |
hash .Eunc-,h‘on hCic) a&k/c?mg;m oj.n;rtwo oa—i&m_ hashteds,
nat T Ma a ke integer lon ComnpaLisi
]ﬂmﬁm mats the hash ceda (5] 0 dnbacer Ghthh

]:o N ‘—[]-Jtoﬁ a bucket

Dowmnloaded fronT gy 1 ree-com

@4——0 w

ple hash function.

oach key ke 5
[ o N-i]where N &g fﬁimfaaﬁj'

==

o Bl wse the
inle oun buckeal”

this
an. 4

CLE EX-OCI

with the game .
oamt Alamg Ywoill b m
;,tnﬁu}s case  Colligion h

,{n.t@_?m,

E.'l‘,f‘rm‘;'!i' DEPARTMENT OF
SCIENCE AND HUMARMNIT ES

TECHNOL Y

TR ALY



Subject Code/Title: AD 3251-Data StrucE:ﬁta é)ﬁlélé com |

Unit : Ji]

|

=

Ei‘lﬂ- 'Th"&

rode

G~e o & 8 » 0

Two Fﬂﬂi«é

The oadywn
oo Auch  co
hot compul

ocach O
/5?2_0_ ont
\9' Ai20 -

ZE

ATbLfﬂﬂ-Uﬂ Obd"f"fl& /

AN * “hash coolo

T\l —

o @ o

...Q.-IC | Z

_ Qompﬂmmn L:Iwm:fi'of)
T

0

Lm ,gun

2 mf

o.
hﬂbh whetfon ,U'ILO
onants ¥ [Jchak t’fw- Wha)@ &&t::h
ha«shhu.a_

o_ é
a.U.Dw@ ' | E u_z
opeet Acﬁct%slm&ffunahon %EQHOL@
be cQ amtco—u

m Co
md of- L& Gr d
Mbh ,gurwhorz

a, h,cush 't@bl‘l m
o.cion Tha’c & e L e ;;?i

|Pe
Aeatt

Lm:e@fzﬂa

on the numbl
;i'a Thai ha&haootp_{gnk Thbs
the. Aange (o] rand maxy 27

ﬁu B\'l' ngpﬂoét?nia n as anin“fnc
That 8 719- 21—%

To

b mest

The

|
?&;mﬂ&.

we can A
7 JCM '_;Lo:\'a:l’fo

Toa em\’rtﬁ—@ ,

ot the .F[oahﬂjjm nkt

L
‘Jmﬂ f@ as o L Ln
fy ks s o
Hb hash ecde fon
oo ey oA O —F[oa,%m

be bows nnan AN
PwenJraHto

oA

31l could Qm
otnt numben 3,

tahon oj Ho b 15
an “Ant

c.mm.’ DEPARTMENT OoF
‘‘‘ i "”é'g "&" SCIENCE AND HUMANITIES

Downloaded from EnggTree.com i

s s ol




Subj i
ubject Code/Title: AD 3251-Data Strucgﬁtaé)ﬁiéne com Unit :‘)Tf

qDZL av FQ whmsa bl‘f ﬁQF?\,QéQ_n—P@H'm I [0 1
than o cﬁﬂn&?m& hash codde . Foal oxam thoh feleo]
[oa:h g EO At ndimbon tises

b 5@ bit hash codes- If &
0 6H..blljc 20 Mbm’cahm fID_S be viewoed]

—

£
A0 3t & [ G 0 2
ATON’ Q J—f-—
' v ano? @ﬁ_@&Iw ‘oh fa

30 bith
'L} esena)& C}lat\z inlo Consicdleaoton

'1 h CODLQ/S
@éﬂf;jﬂo — ol o that tokes the c@mr;omnls
(xo (%! i ’)'{TDZL a;j %Z, Fga&m&ﬁ' boikpecils
hosh ceclo 18 'thmfl_jbﬂ.& ,
= D—B T xhﬁQ_Q’ tXp

- h
o 20 .5 L
s ! 4 nomc_qﬁ, can bo Qom]:uh

By Hoanoaw anle THe P i
%o T alXn-2+ o (en-3t - +Q(‘x’~+“:@:lb 9’5*55)2
(cait®

A feole nomal ha&hcﬁo(sz us e mo.ﬂ’ctEﬁ e G
ﬁl‘][t{z}—% J?na O‘;’i QE.C&OM Lb mnzohaéh coda. .
nomc»h hﬁa%h CQ«?

o et O i, D edie st o

P —

- a Cex
v bﬁ A B bECE We &hl__j.[ e 32 tonL yadus
¥ Clchmmcﬁ Jrakm,
E)OIH1oHoolonolotoloeototoiooo gl a

t vo bitd [a(lacdl
inimoé +h%;p, mrwo,nfahon ; L Lh

lﬁ\loolollo O[D[ODO[OJQLOOQ e Dl e then aayele
bile Con be. Oﬂcom{g;fw thaough chm;ﬂﬂ,
L& ah

b ol
fw%e [9) ﬁ”ch.tL bttuots e SEQ A U>> Aakx
Cone Of Truncats esulls B S8 bk tnfoqens
d_a.J: hagh. Cecle S ?
maak = (]<< 32 -1
hie 0
foa ¢ AN S
h (hécb‘&rnaék)l (hs>aT)
Vil el

Downloadegl jrom EnggTree.com e oeeanmmenr of
. R sy

SCIENCE AND HUMANITIES




-

Subject Code/Title: AD 3251-Data Structir@@gsimee.com Unit : Ty

e

—_,—

Collislons

@{’P s bl

k_@&m Should ﬂﬂ—F

UVﬁan& cdoa alasws that madntacns Hhaes numexdc wed,
mponend” rght LropRarnent fhe Hho Mmatheol ag

e Ccm collision behavion
T 165076 | 43 cLLc A ‘l' hash Ca:‘-ﬂ-M
ST Q_Kd Lot o]L 430,600 F—Oahé
:4 1379 3 P
] 190 3
6 502 2
AR
8 5546 4
9 33| 3
0] 5194] 5
Il | 11559 5
2] 82| 2
13 900 4
14 2001 4
15| 19251 8
16 | 211781 3
Hach codes Ln ython B ity
i%p,. é%@dmoﬁ. mwm ;&iteﬁ;;@f ‘H‘ﬁ
mlgg AN 'thDh k O bt \ﬂaﬂt—LQ_ that
h(?,éh tﬁm ha,ahc»f;d that At %tnxﬂ’gﬂ c ibable
,&\(arno» the hash code o7 Obje Thia Aeshicher
garee ane. deamod hashtable O aotls hash ade
rato P 1 onane that agaﬂﬁfﬁl 4
?lﬁzmam congtont lein igzzf bje: i tE?;&mmc n aé,&l
then'

Am@nﬂ.h% ancl ]CJ-LMQ«.SQJ[' czfa/%s F&ccﬂucm

' ren

o Hork via e hosh Lty o gﬁm%
el

s the hash tabl ijd

mh’ogt pohon /E:I“/SOJL .
ohLeh 1 ’
) & : n_ach clasgses e {W—Oﬁ‘s\ é
- Thestances uémh%%iimfla ; wam.ﬂoxkﬁﬁ
(0333 Wlhq'&mw Mewwdvos Q o oI 'H:lﬂl' dmm&-dﬂimp
Hho h /ﬁu_rmhgg ik monted &n fhe geam of & }:f";gh
hash BRL S Tf;»fmna class ﬂm‘jmsﬂ '
-wa& named I the. /meub:ablo_ atteibtibes o

LJ.Q.CD

X i

63719,211

hagh tael{); VY
i vebeon hazhfsdf md,xai:,f.ﬁwn,sag.brwg_

Bﬁw”lﬁﬁaﬁ from £ngg I ree.com cxn i DEPNTHENTOE

LECHNOLOC

i



Subject Code/Title: AD 3251-Data Struclt__urcs D'ﬁ'%e com

Unit :

_hash ] must 59 cohs

o =

_ b oboy i thal Cfa closs
An ,Lmﬁzd:cmt’ aetle E—E“W” Oﬁ% i -

— - (
honhcx)_ﬁhM 3 + ong : }\M}’;w)gzho/shﬁb)m

Oj -HIQ o_nhms

?,Faﬁfhi‘tﬁi SHlL the WMP;W&SJ s & \

nL: the aan QHLr?/N* L. Thes €2
i ©
h[mq)mmyen Aé‘- *D;MIO“MQ:H]OCQ
+ MpD Method

Diviston MQHLOCQ and

hm_Q N Jrha f&‘moj“ t

jonto
colo toith Jchzu& o b Iy il

hone
gre tol ﬁwcil J% o .fu.ncﬁ‘gn ¢ chosen

: de
the pacta uhjﬂfugf}:?\,o 11

Qhooéﬂ j[\‘%i@m_c‘]t -kho:\.tz'l'g ac
the

Ihash wm Ll &H bo Collisg

Hoh 18 -tho devision

Mr@ﬁ

lmﬂ"d’mfﬂ tohich Maps an £t riabudwt o) S 0 e
h h(l&h C,CCQ 0,405, ch.}afuﬁo}g

,I
ibu&k&t"w h_Q)lg BU,& rtAwQ QAC O bu.»’l f

0nenk :—cetﬁé gettry

Pga@pd aH:meLB
{foﬂm NH}; {9.;1 ,&an]j@@ c:‘li]tfaamf

Thw:aonm_
h Codle ,ﬁm Q-

ke il

el , iF8heubd

Downloadeg from EnggTree com istes

::r::le'mjal’ DEPARTMENT OF
S &y SCIENCE AND HUMANITIES j‘

IR T S el

w




Subject Code/Ti Fide
itle: AD 3251-Data Struc i
F_Iﬁ:ga com Unit : m

The MAD mothod -

A mone &ophisticadsd. com e&sr"orz

ltohceh ML\% Q,Lm’u;naﬂo_ aepealscl P
)18 the M P! Acﬂof;and) DMOU_

Imp,i&ml.. ] ma.i-hofﬁ mahs ah ,&m‘egéz f

[caitbymod ijoaﬁ N|-

whoae N g tho A&i2e

Q mea numbex £
hhosen akt Sandom

om the nteval [bP-1
cHon 1% Chosen in oade

the bucket a»7 i
M+han N, anol a%b GM-% 44

“I'Fu/s CompRession
a;ws AI’L +hz Ao,t
Df jlunchmﬂ{

CMHD)

|o

jwr ha-ﬂ?o

Aim
s kiand ke 8YC

ave bwo dusttnk
« Noh collearend at- tLa “bﬂ

praes tha b

A [he TN T galzo wmfohc.a‘rea ot
‘neeattar, A and, Aeletton OJ).QFHL
> pparalz ohaint _

A ,&wﬁ and Qﬁnumb waea EA doaln ulo
collesrons t8 5 have Q,Q.Ch bl,u:.lco_b A ‘]AM
pLon 4e ' containo L i Llams Ck,v')/sLLch
I o) =\ A ohoee 4ot /&QCOHCL tontaenon B
a smoll Mmap ingtance. LM Lomented u,sc;%j a lest

lectHon Awke X kneotont a8 /,SQFMQJ;C

The Collision ALSO
|Chaj‘ﬁinz

,LQ 2dea 13 chatmnaul howwez,t.ohah wo. |
n that hki)= htk®)

oxistence OF
oatin o new Aem Cic1Y) &fnm’c&d
a e nocedine foa ijcanu&?

O,-n,,é. Ul m
we ket U

Downloaded from m
ed from EnggTree.co s
. CHENNAI { DEPARTMENT OF

|r(_' hhhhhhhhh

SCIENCE AND HUMANIT[[S




SUbject
Ject Code/Title: AD 3251-Data Structures Design Unit :

rEgTreecom
| A hash 'Eabrb?-
0 1 2 3 4. 5 6 7 8 9 1011 12 Livp 13 sloer
.\ » ' 1 tith «ul-é
o bb i ot F%ﬁ
A solved bybe
S QIS gy 7%4
C S QHU)
O @ @ 5 Heo-emed s’
(o)
o ﬁ&'ﬁ[@n- ar}_ ,{_n&lmcfu_

Tn the r,ftoz»&Jr c(%q;&z; esciiuion o, 0 ojt +hﬁ_
bu&ujc oo FLL&L a oocl ha/sfh mahr@n _
a, bu.ck,m qwajz Lﬁ‘

{'1<on

m 1h§crf)c hz,gh fbt%f.-ﬁzh@ Ojrmu{clmoﬂ ma.fn (@ e.iaizignzs :L;r;ng
O@ﬁfwj> The Aaatie )& = I’lfl\l é%&f‘g& Q,O(gmjl ﬁ&
table, Ahotldd be beten. =

il W QbD/DDLoﬂ_ As Adong a2 A s \O) the }mﬂ
hﬁm:)ex!:edw | tme.

lfn +he htg/&h table Aun £

QDQH AOMMMmq
T The Adparals GOy

Leaes the tLée lewi“fh CQ{L‘J&L”@MJC@&? (SFQCQ, LgfL

c_é
F gt
%
;

has one &ligh fcﬂﬁ&xﬂmnfz?,a

1!5"”?1U cfune

[6 YLot A Llems
IE /w-mum then we can\g,e(, the native af
F oA /é—}wn_ cach &@m x 23,

%"jl‘lr}g @} ach Aaves Aoc;/mb bQQ%L’;ﬁ* oo B
é-}'ﬂ&g,?d C %Oénalfem.tfhr Collrgrons’
*Ccm)'“’ ! J e Boveral vmaﬁ&ai this a maﬁh/

¢ omod Lo Qs 6pen Laossen (Sa oy
g vioALS 1 \;[20 ‘3/5

‘lams one stoaed no_c,tudm
q and [z Vaanis

" smple  mothod
Lot H2 OFQH aowmﬁélng 12 LLH.O_CU,}:}‘-OEJLH(?_

Lo Lineaa peobtn

TEOJL collcsion hamﬂﬁma

ah if- toe 12 LO Lnseat an i lem
AL§] that i al U CCCU_.P["Q_Q(,/LUM

Downloaded from EnggTree.com E“rm,‘_mpmmmm

’ﬁ‘i sy SCIENCE AND HUMANITIES




Subject Code/Title: AD 3251-Data S“.ME . w
H§gTHere.com Unit :fﬂ

f =htiey snan. €92 mmt{a'F[r+Dmaﬁﬁ]I ATt
moal N8 also ©ceupiod , tho we _,(Q AT Ti)mocﬁfmj—[,gj

Soon, inttl toe ! ah omply b
loce ’c tho how Lldm . ohee thia bue kp,t iy ,P,o&uﬁﬂ boo
aomply  £ngeat the ilem thoere e

This Collésion Aese u_hon Ai‘&atﬁ
tee. chan 2 tha ,R,h’l Lo rmentakon hol g(sum ,gt”llujf
un qub kﬂi pThe .f[m,s% fSLcLP of gariare)

oa s LTn » %canﬁmrft’ attempt [o ek T8 lﬁl%rz[ot‘f

LLC"D- e k,twe Mgt oxamine Condecek

(2 rmLdhh
[éojr;:?m ™ A[thﬂ,Lmh[ e Octhes %rgi an Atemld
“hat a P e .ﬁ; nd an Q,FY)F'I"‘-J buckel

k_c\l) Tnseatton Anle a habh'fablﬂ. twith ,mhau mﬁéhm
pecbing .The hash Junchon (s htk)= ke rood.

Must probe 4 times

New element with before finding empty slot

key = 151to be iusertcd\,_._.k.___.,

0 1 2 3 Y Y¥ 9w
13 26| 513716 21 0‘-?633

tablos . ve_|
H%h’ﬁt} Ly Jlo_n’m_nt o delotton,wecannot ,&m i |
| ncl J’. aom Al Blot Ln the a)"m o> |
(o8 'JL‘OCL . ko Hhe ,mso_i)ﬂ@n 15 'L” !
uy. ] i A (Secv;_ |
the dem km il becatise "t % n_t !

Cu indee 5 anc}[ n LN
& e e m%,w Fion
ajuoufd thi QZL]JJQ'

iz Obfect.
[,uum B ApEE m V‘ax[,bjﬁiim !Eztleh aldolthm /&@'ﬁqat tha
. tj tdw,[ falls CDﬂ"’CUfL(,—i 1

h gamh Atb w

A k_p_ [ Bkl Ovm_
geoach *9;‘;10/1 oangl cgnhm ’}co Hqﬂj L]

m! Jc,u +. Ad &:onatluccmoi ubmi
‘&va;ﬂcn e WL ity Piwmbo‘l. och awufab& j_

iﬂ/‘i Bk J_LQIT) +ho _&earnch oAk Lince thiz (X @
o ngﬁw o RQ newo lim UV 'f ”OQ}U(’W?IM
e ’{DLL DFQH ad)c{*zw/ss‘ Scheme. Can &ale sf QLL, Elol?
SLL foyg V-3 +Qﬂ0f,<5 o (al Lz Hhe A{QI’}’L& O oL nan Anls ?

ﬁ Lo ﬁum,wh.d.h rnaJ even O[/mfap that Qais<-
ch% o &lavodoton &on.Math(

Downloadedfrom EnggTree.com

CHENNA ’r DEPARTMENT OF
Ivewmoiocy  SCIENCE AND HUMANITIES
mamSries




Subject Code/Title: AD 3251-Data Strucélﬁggl)ﬁ%ne com Unit :ﬁ\

Ll‘ﬂacm paobing Ex

A Lost of Size 90(m=20) o twant b put Soms elomen
2n Lineoa ]owt:l’l ia,(shmeTf'w. olemenlz ' Q29-

{CiszrQ/ 63,89,8%,7T /#@/65/592‘?"”6,3.

o | ALGED med NT o ST

| 9¢ | =0 A [a6+0) mod 80 :!6 "
ue |0 PmetomelEo] = €

] 63 A6 3E68+o)mg&&oj: 3 |
| 84 i=0 B [c29+odmoedl@o] = 9 |

87 liso B ]:cg“rw)ﬁwof Qo] = 1
7 |4s0 pfomeymeclac =l | |
k8 |10  A[GSrormadas) =8 |

2= p[ge+dmalao] =9 | |
| L=a A k&R Med20] =10 |
65 |40  A[Gsrodmeddo)=5
59 i=0 B ]IE;CHE)}HwDQQDj: 9 - |
‘ W= PJGat Had Qo J=10 |

| :E'f: a. h [_qu{-a'a)m(ﬂ Qo) =11 |
@ [t=0 R[(tomed20] =k

Bl Eo nleromedag=i o

Hash Table .-
O Ta B TRTeTE 15 (@ (9o i 13 115 15 15 [a 7 Te 7] |
(8] [83] 651 (87 [ [aq (ke 6f | Wl e | [T

Down

loadet from EnggTree.com. uude oeparmventor -

Tecmoiosy  SCIENCE AND HUMANITIES




Cualicaas o~
i Unit :
Subject Code/Title: AD 3251-Data Structuﬁ& Iﬂg.'g.;ee.com ﬁl

puoe

,LLOACHTW.—LLJ 'fﬁuﬂg the unh

f LMO" i DA.o]:;m
7L ab-‘f O; f.hQ wh‘mjfc )

= repmean ], fo
th')‘I' iam btl.cm Wl’ w& &Dﬂg O_WLGD. @'
(,Ln P hOn/b U_'D['f-h LLn_Q&l
f\ Q}'Ln-& W QCCUJL COJ—U—‘:Q
C fL'E own et it l amgjL
ng ,tohenethe & o, e asslr—

& ; ,
,&ecoﬂ i feorm ehacbitid ﬁ-”'jto mfa
U‘ e cne distas { oos Not

lthat~ the ' émﬁ,@ Lenoan peob
t pe paobt 2 mﬁgﬁ
Pause ¢ t.b& A @in dan }]O/Sh 1&&11‘3
A

A tho W‘ e o 4 that st
L o_butk;ﬁ hckﬂu croli

éom& kos S ol
Ih? on&a/:j’c ﬁ\,&n. wQ__La,LLQ,?\a’HVQ' ‘Aﬁhgjw_jtc") Poh (kD
mzocu\a 2 Rk ¢ oYz Tei o 12 not
hCD ] “me[ %2 (ge,cjﬁ &mh ‘ﬁMﬁHf{;f&& h'tk)

Anes o ey
qbiﬁ CLOQ A%%ﬂqﬂ&@ww ,{'Cl)['% Q..?\.CL Q_r_Lh::LBLﬂ'I

atoll
Im&i&?rfzu&t% 2 bitnax Fj Lmﬁ Q]t m}: t%loﬂ hash
at e seld an p dﬁwn‘é de @”‘”j s,

Uownloa&m

cnwuﬂ’ DEPARTMENT OF
IEGHNOLOGY SCIENCE AND HUMANITIES




Subject Code/Title: AD 3251-Data Structures Design

EnggTree.com

Lest ol A2 Qo (> =80) Put SoMe elemenls £n quadnohy
|wa

Unit :‘]j_

Quad rakte probing  Exampte

X

ol

]L,ga,e,hx:on The elemenls ane
It

163,89,21:17/48,65,57 AH bl

j

L H =
% | & LChceoticpmaln (=0l 70 I
96 | l-o A[Aeto)med o] =16
48 |i=oc # [(h8+oymed &)= & e
|63 [L=0 A[B3t0)med &0J= 3
29 |10 ARA+odmod20] =9 -
g tzo A eTroI)modad]= 1
17 (=0 P Jct1+e) modfij =1
18 izo  A[cu8+o) medao) =8
L=t A[cge+Pmod2o] =1
lt-2 hmauﬂ)mocﬁl@] =1
s =0 ALCe5To)mod )= 5
7 1l-o  A[Gato)modac] =9
! " © A [©14*) roed ad] =10
- - F:‘._'L[E-_bﬁt.-‘t-?l- roec-Sre
Ay __1=0  A@HtOmed 0] = .
&) L =0 B 16 1+6) mod 20 = |
HaishTab& ,
olifals [k 516 [t ]2 |7 o [uimis]ig]islie [n]ie] i
el [Fs[ 5| rfrelatler] |ws| fu| Remi[ [ ||

Downloa_dé?d from EnggTree.com

ﬁ";‘r!""ui‘a'!r DEPARTMENT OF
Lcumolooy  SCIENCE AND HUMANITIES

Temmoiocy SUTENUE MIVL riumrmas i vie s
g g, S, e - v



Subject Code/Title: AD 3251-Data St
"ENSYHSER com

Unit ﬁl

LDao[ iacboaz ,m

lood Jactonr 8 o that Aauo@%i %
kO Lneacore 1he Haghtabte capact or I n

&eom,ch and Insoak opedation 'to P(EMLjN :g?hc;?Jrofa,l

290 ol the hadh dable a
ontares which £an be

\

b duded 2 e e b

ma_ckl’)_uﬁ)bﬂ-&
srsotzol b mcxmmf (n |

K Aeqtd i
datostatctuone i [DCO .

{;‘Tu oii the unohni +a@w éath A= n;NJ,_T:

n the hath ols Von
uoith  #Se

f_g_, Cha,[,n,t.ﬂ +
L0

i ovw&w:wt % “oun i

A<oQ »{;OA
b\Jt'H"l ©

'on

F

————

M e d
L - =
Jrh:z[y&o fon Of

ettt e
+ &bj_t’an O [ NASY
> A= not ina—a.

s “th[.g nw)+abﬁL oo mfi

do neecl (o
h obi pck , w00 oL PRy
hﬁL n.o.wmbtm

hashmn neaally Ceattes Tho-
Jchazgﬁh:rft‘ the 3\_awhu¢ t arrt%l—whznmh

Wt lgatde ?Lec]/ump_ foa the ned

Downloaded from EnggTree.com

P

E:;!'Num" DEPARTMENT OF
i&i HHHHHH

SCIENCE AND HUMANITIES



i Unit : f—

Subject Code/Title: AD 3251-Data structmR@DdERe.com
— be otleast doublo the Emmou.& giZe ]

. lo
haTay's &l2e Aocibo- the Size @j"
I & oo Lo aanafm‘i
Tndecdls Ljnw;@ha“ hulﬁ;;‘fyiragﬁﬂon Te_hfl?‘cuﬂ«s fromng oJ:tﬂ_

: the
Iljro%? st of 2enathn) P Censoatthom 4n e fisst
ace - h-{-abr&! ‘
P rerenc e} HM 3 = , ho £ cf_q.—OQ ;%brgb]?h(i
Tol sfoae o e [T, Wohen ;zmo
‘N a b.L.CJULt— e DC,LCLhLOL wd—h a -h!on& OA
2 The. c@(sge‘z 505 ociamomﬁ gﬂ
y on ,5,2-
© Mjs"zni Oécj-?“ o C;;Egjﬁ o 456{- m
10[0(%‘2;:0 C\AC[],LHonA DU)
2T %MQ &ha»sh unehwn
Tn the wons hp_ Same! bucket™
A oveay Alem T e ?Lm&@*
icoutd map mm@t = (U,naai tm
g Lot g m_o—J) © gz.a:l‘rol’l«& w[ )
g T2 woith 190 nca. o lna wapes &QFQ s
L,ha'ci:" 't$ /ge_(bn O‘C}M {' P
EJOSEL on. the hash Ce

]

Downloaded from EnggTree.com

NNNNN M" DEPARTMENT OF
rrrrrrrrr SCIENCE AND HUMANITIES



e

Subj :
ject Code/Title: AD 3251-Data Structlgres Design i
nggrlsr’ée.com RV

Unit v
“Tace Slauwctuies .

“Trce ADT- ;3¢ Qoagl'!“m ADT. TAce 'f'AQVOMa.Ls " Bfﬂm-td(sw;,
Aeaxrch Jreos

Hnoog - AVL taees - alw& - MQ,LH’LLLDCUJ
onties ,

Tace iDo.Ai«‘ru:Hom and P/to]a
hrce s an Abstanct cﬂa,ta‘l"EPO— :
p orlo]&‘ﬁhc_ top

iolements heenarehically . tstth tho @xce
olomont, €ach oloment VAL a +ree has @ asnt element
on none cheldaen amak_w@%adpfaaltaéaﬂ

ond. 2eno
+he -hDP plamnent the 2ot of the +ace.
foamal Tree ‘Der‘ﬁ‘ nctton . | .
A Taee T ad o Aet o.jl nodes &hoat o lbmeonlz]

nodLeg have o Pmn.t_chilal h‘onshwﬁ\
pxe extes . |

. that €
ok &ottsfies the j@[Lou:)C

j b has o /S‘FQ_C.CO.D- node ,calted the
orent:

e b
Ench no v of (Llfenent GAD
s nt noole W ﬁim‘a noole

T e —

m the soet has a. |
Luith Pamthfé

Twe nodes that O ahildaen ofﬁméame axont

e AlbAings - 2 ortennal if Vhos hec ddaen .
noole Y Egma/:lnio,mml ,E:J]‘— it has Ohe O monachﬂdﬂm,
knotwn Q8 Leavps -

A hodle (L & 0On anceston Of a nedo v *'jtu‘—“f
the parent of V. Conveans aﬂv ,

on L 1R @n ancoston o{,
+ho node V 12 doscond ant o.s. o noolo_ tL CJI‘. te s o

ancestor O V.
The subinee of T 2oolad at o nedle Vv & the

Frce COH%C«&HHQ(" o) _5, alt tho Cg,a,émnoﬁ.aats O-JL Vvin T

ownloade §Tree o
. T
bj- DEPARTMENT OF

¢ SCIENCE AND HUMAMITIES




—

Unit : |

Subject Code/Title: AD 3251-Data StruckngdFrige.com

=

Edqes and pothe £n Trees:

An Q&aa o 'tmwm'?; 5 fi; ab/L o Q;Lfcou Ce VD
' it t aAL- O 2 \nea e |
e atih o 'I“Ptl% a /Sjj/mncm oL Nnodes Auch that
i\wo comafu,tivo. nooles ln the kﬁacl/qencaﬂﬁaam an

an

i b
04 Trees . . Hhore & o meanin lhoax

A m 1R O(LOQ-WLQA l—f Qaah r},OGQL [.L:Q) .i‘ m ‘H’L@.

‘L’hﬂ C}'Llj[{izlm Of'thﬂ— #fﬁ,@ﬁ}/ﬁf&ﬂ-@r&, . (JJ'IO{

o Trce Abstract Datotyre . |
Th Loe d,a%n_g_ a {TWZJF;DT Ltéfnal{'hi_& Conmf)b{zl;_ ajﬂn
|Fo££+|'on as ap Abstiacton 7[93'\. i oo O-Etf’@i; pw
olement & Atoned oF oach Po.é:hon,&noL posi ol
I t_child '?io,Loh‘onxéhi?/s that ob%m HLE ’rfff}nﬁhoot

A Po,éi-Hon object ]Loha, +ne0 ,sLLFPoa “ ,

P.element ) * Rotuan the olomont &toaecl at POSlhof) P.\
The 4nee ApT then Auppenlz the f&)[&wt 0L COASO7

\Wthc&«s ,allotoing o Lwﬁ 6 havfcdah the (venious pes ions
oL o taee . C&
T. aoot ¢y :Rotron the

1"5— iz QI’YLPFE;%]
T 24 _vook(P) ¢ Retuan Tadte i Poéth'on p B
. Retuan the. position of the azent of POs)
ik PQMHP) on None (- ED s the %oot o} T°

Paﬁ‘f‘h“orl P

T rum_childantp): Rotuan the numbe of gulcizm of )
. childaenc) - Bunenalz an Llenaction o4 the o hildacn Of,FCﬁlme

T. 18- Jea P - Retunn Taue if positton p oloos nm‘c }ﬁﬁjﬂny

. Retuan the numbar of positions thatana

len (1) sontained 4n Thee T
Te l‘g,_empfyo:&mr&% if faee. T~ cloesnot contacn aj\ff

Downloaded from EnggTree.com ...®g ocearrment o

siton oJ(L +he Aocot of Tace T; A None_

f

ho, Aook of-TAeﬂ—
Hon P,

SCIENCE AND HUMANITIES



Subject Code/Title: AD 3251-Data Structures Design Uni
EnggTree.com e :S'_

_Btrm Trces.
Freo 18 Cb‘:j oadoned tree woith the. 7@0{ bmf’g,

Ao]miﬂ—f% :
nede has akmest Lo childaen .

£ Eve

*EOLZIQ ah;i[cﬂrwoh 12 _iﬁifﬁu agbm,;{lﬂiﬁﬁ a |

‘ r A ,&LF{_’ child Féﬂﬁﬁf&u o 'Qh?ﬁlhiﬁﬂmm 1he

ogc['mgiﬁ. o huilolren Q]L a_ nedo . \ ‘

The Asubfaree asolicdl ab a left od qht aﬁu&cioya
nocle. & 12 called a (?—LJCE subtace 62

o cnteanal Aol 4
Aespectvely o e 1 | bCNAY
P H,Q Jor ,’)AL[LZL_IE;Lc;fL r?g:ﬁ has oithea

—

7"\ bU’Lcmtj

A bt‘nayzj troe. I8 PO
oono oa b childaeh . o
A bL‘rLamJ taee ik hot PMF.QJL 8 ,LmPnﬂf)e;p
rm‘_ﬁ‘on.

A Recwasive Binaw Tree
Hhea Q-m})lrz{“ o consisle of

Py btnaie “Three” 8 oL

+ A\ node ¥, & the yoot of T ,+hatstones ah elorsent
1 benaa tass. (peasibly empi) caltes the Lefb sublrseof T
+ A bt +reo CPD/xst)j Q.honj) colled the hﬁhfsubwtm OJLT
The Bmwuu Tree fbataact Dato "'Tldp,o_

As oV RDT ,o binoaytase is & Specialirakon of o
+ aco thokt éu?ymﬁ th addihonal accedsoamethals,
T.lectcp) s Rottun the oaiton that Aepaesenls the lo-pt

gt QLL& £ ,gﬁNomf]ﬁPhJL I«iﬂ,
AL ﬂ'ahf?(_?) ‘Retuan the pesttren +hob ﬂz})?w_draan

C.hi[o[ of p,on None ;‘% Phow» no ;u;ahf: chil _

T Sib\dna (P Retuan the P&Sff-t‘on thak 7e 2 h&? thL

bl of P, o None (P hag hO étb&m% ,

The Binﬂﬁm betaact Bave clase 4n python
ne. 0. new bnoay Taee ¢l a.asoualed

Lo
|wﬁ’h the bt T;j,gw ADT. LU!lb [lm;(()h. Onhodctane le
ine the B¢ Taee clast paged wpon tho o
L:_‘_"LI | . FD Q'x_us’ﬂ“n?

D



Subj ; i
ubject Code/Tit1e. AD 3251-Data Struct@aReFigie . com

PAOFQ?L'Ff% o Bl‘nollq ({o eatresd fﬁaﬂh

BH’LOJL

Lo kronahs bﬁwﬁﬂl 'fh‘:“]" P‘m acr;, Jaco Takt T

wo clenoles' the &et o

be 3
m&amcﬁ%ﬂ'av@ D]L-Tm(l ttw@na{ea,

L & has cbbmoét | (i 0
ﬁvv\i,ioﬂw ok rost & nedos

Wwe Con AL that- s g ,1_ aﬁow«& |
vels iy, T
gﬁ;ﬁ&n@g {mafﬁu-‘)ﬂ— d° douon thi) A2
5 :
, d Lok h ,nNENIXK
PML?:S lﬁoga’a_ rwmz'.m !‘j O -mm_,an exfesnal heca,
h oﬂ_ggw'—?—c'tm hﬂﬂht‘ O]& TMF&ﬁM%
e e . eatr
mnT}‘Lm]‘fDIDUDL@PCDF
[ h+!l <b f“ -
L] 2=pe <& %1
8 h<ni 24 h-’—-Y) | |
logen+D— 1= - ; o -
L»s:gf i i T T RO ‘;@nmo? peopesties,

3. h+!€zh5é&
b hy < 9h |

, Lo(?cml Ylha th 5la

e numb—Q?L O+

Downloaded from EnggTree'.com

ﬁ.’:‘.ﬁt‘.f‘:"’ DEPARTMENT OF
wehnoiaar  SCIENCE AND HUMANITIES



Subject Code/Title: AD 3251-Data Structures Desngn
EnggTree.com

Qda;&hka Tnteanal nodes o Bcﬁlrbbmaioemq y

2 oPeL nwudTMD—
F THon « Y200 T, WM Ne

T —_
thczxnorlll r?.b 'ﬁno%mPg E&Dmf, nodﬂ,a ,woe have Pe=hi+l
?ua%{.]t.m}r fihus PnoEo&rv}w on by aemovi nocﬂaz{wm

na.O
A oQ (5 #wo \eg andin
L[J?:rél { {‘?ﬁ;ﬁaa .sz.,acmﬁ betomes QJ’DPU

Lo consides ttve cases .
one nedle. V), oo ﬁLo.rerlQJ\/Q-rﬂL lace.

M Tmox}gzﬂnaﬂ —nedle Lamusngfeﬁmaﬂ-u
n.o&a P:La hot one node ard the Lrtesnal neolapild
. Qmpr{d T'LQ:;LQ e Aemolo.
s¢ T hag meze than one 0
A IFO{-MWQ‘ an oxtoanal node o and i1 }Dmnt 19
Lohieh 2 on Lntexnalnodse .

€20 P

Unit . ﬂ/

Downloaded from EnggTree.com cxmndge peparTmENT OF

it e SCIENCE AND HUMANITIES



= e e T L e e e
Subject Code/Title: AD 3251-Data Structures Design - Unit i {y
EnggTree.com i34

Tmze_(rmrmak

“Tace tAoversal Atenakes thaot h a cellechion one /lZm af
tome , LN oadey lo access on vesit dach e

PM@;L&MT&WOL
Faoe taoversal must E‘Qn coith the Aot hede s Since.

that s tha only oceess Ante  the &
Hiavoge the nodes n G Left Aalstaoe i@muf )

ox
hodos £n &.L?; wt Aubineo.. ‘%Suﬁ%m e . |

L,wQ can f'LQ}D
eive | solutron -

| Visit the node.
2. Traverse the left subtree.
3. Traverse the right subtree.

o} nedog Locth o mecﬂ.aﬂ‘mvwsa&_

taee- . The A oehrod Lines Shows
Hod dlusuﬂna tho TAaveal

%lo%;mlacﬂwfﬁ

Conside the bin
eol ond o the nodos old be Vi

the Lo

Nao Cﬂ.o.“r preo adotaav (4 wbtaee) ;

I-E Aubface x Not None

paink(sublaee + dat)
~poadartnay(Bubinz agt)
mom-ﬁa'bm\' (Bubiree ’nfb

cument will exther be a hull Aetexonte o
o Aubtziee. in the binaxe e -

Lo Node g jﬂ‘ng‘c \isl Fed. Fhon

' aﬁ\ﬂu udl
. + avesgeds The  dubtaee mont worll be an
e o B ) o2V attompt B«Fo[[atu

u;hm ‘chuzt bmm,a 200 I8 pmf(d&f “m thwmn

one. o bot

0. Af%ez, \fér‘f'fﬂck the ;Loe‘rﬂ@‘ﬂ |

Downloaded from EnggTree.Com chennaPig® DEPARTMENT OF




mit : qy
—

=

Thoader Travergal -
_ mgt Thawease the J%Puf
]cou,g od, bJ the tAaversal of-

I. Traverse the left subtree.
2. Visit the node.
3. Traverse the vight sulruee.

The. an@& enchoring of the nedeg WItN an ,ingahu

enoadofravdubtace) |

\ tacoe iR not None *
i %omwtsuﬁm Left)
princt (Bubtace . data) .

Abeoasthm .

sz,t:o p e 5toﬁﬂm+m:\mzal tohach Can bo. Vi ooedl A the
Q(gmfm Q,? ;zachnml@ om-t;mvmaok bo.)rom_ e

ma"mm dof postoaderiaas (Bubines) |
b subjnee l¢ mob None: | .
¥ postondutial (aubtaes: n?t)
PQ_Q to D&va (Subtree -
Puint (gubtase et

I. Fraverse the lett subtree.
2. Traverse the right subtree.
3. Visit the node.




Proad F-—f t+ ftaovengal
F‘Dhﬁ mﬂmail;,moa&a and) F@gfoﬂ% +ravonsals afe tho'

mpl depth dingt taavosal
xamp f";n@jD ojg)h\ '{j:“‘g{ . mmmd 4ho nedos axe \Nai ol Eﬁj

/J‘ Lom Lg_}t e ;u_cdh{:

The aad © tha node with. a BFT |
Recurgion canngt i o Uged fo i’mPﬁonwri oubaﬂazﬁfﬁﬁvpmf

Ao cUA’E VO &QU‘/S rMust {loltcpo tho Rinks thak

&QQP inle  the tace .
Juset Qlu,so, QL,LQ.UQ_ e Lmp Loment pacadih-tiast ol .

4 l:hc oot node Oa_n.:Q Ln Fuan
ie;/lmjDu,an each Alzdatton,toe Zw.movcz,l

+he westk ot ( andt dhen add 1 ahildamn ro
{an.am oltor all hedeg hawe been Vialled)

'@ DEPARTMENT OF .
v SCIENCE AND H LLMANII

Downloaded from EnggTlree.com




SubJect Codefl'ltle AD"‘ZSIT'Dah StruchEﬁ'dw gée com

o Bmmid/émah Tree ]

A bin Seooch taee (BST) I8 a btnaxe (j,TM £Ln wmﬂ
vV,

11h L
poch neole Y Containg o Aeaach lcoy W j
+he faece 12 Atauetuoedl Amh tHhat each Lntoal F:.?j

* Al L’_a_Lrs leas +han ,c‘n rwob_a\}m &toaoal 4n thol
AnronQ\?WKS%aﬂonm

Jzuj
Al htdé aﬂﬁaﬁﬂl'ﬁ‘ﬂ” éﬂmojt v .

COT\/SLDQEZ The rL Aeonch +ree ,wohich containg

heole  Contarns keg\alue &0 and
(U'L{‘.Qr g /SQ&;&CF? ;ﬁ% ,QJ,_ + Aubtace e {38 Fharl 6o CU'YJQ QD-L

s An
" er:a m the ht Sub tage- are. %mmmn &0

?an:kal A,m[;,ﬂﬂmmt atfon QJE'H‘L& MO-P ADT_ BT

Olﬂ,} Lmt._ ..(SPJ:F) cﬁ.z_} __nib__ (S, bﬂj Nl
AZelf. —2avect =Nona &Qi k \cn_:.)[d
Lotl, .Si2e=0
oln_} __.E_h_.-(SQIf): %fhj.L N\Stm
TQJELDtI'izSPJf: Siee ' e\ﬁ.mca = Nona
_tlan - (Selp:,
Aetron BSTMagioaaien (Sel A0ot)

Downloaded from Engg'l??bﬁﬁr — —

cryﬁlrmr" DEPARTMENT OF
ey SCIENCE AND HUMANITIES --




<k A i = - 1428 e | e o

-~ S —— = -2 i
UbJCCt Codemt!e AD 3251 Data Struc‘?ﬂﬂﬂ T@e C

it A e P L

Searching |
In «

Leooeh.

R £ £y hot L tho 200t

. ‘%%Eun the \CQ?& in Ak b&u_bJrM rd gmnm Aoots Jifj
s ' hr éub’mm Thus vf the danget &8

u:)h.LCh tetll

fenk M

The ReT eperatrds can be Lm iﬂmarmcﬂ &tez\g’nmi‘ﬂ

with Ahe use of
C.0508 - The Lo
Jank 2 enco

tho. t22e 16 dlote
(Sp.az_ah v Tm"lﬂr

+hﬁﬂ+h@ﬁ_[m’h’_

BT L wo twant [0

i e conimng s a:—mae aozl\{m,r)é the o “ﬁi Lgiqmm&a ot .
Q),@H’m}d@a

um aith A i
ﬁi t Aokt Contoans the wo must Jecide hich of

Aot The Aocet 6 ‘the

il greate - We 20
and e mbm{j l%(;,lbmahoiJr M

& .
’Hm (‘_Qm (E.E’S:-?)O‘?h[zm M;S is Aopaalad bt | ‘h:maﬂk 12,

untaxa,n d’ﬂl&hﬂ

compare target to x

if larget < x scarch
the left subtree

if arget = x search
the right subtree

‘6 4
BT %ﬁm’ﬁ \“EF&SQ ¢n Edgcom wﬁfb%‘f : 'H’WDCD | fol2,

Qaz eathan g,

o ¢ MR \F Aince the tanget
I\gﬁmhi%@ v g th B 3l , Aestting n almove fothe kit
Nw ! \a’;_ examne the kﬂf{ child 0;

neda 41 Loe J{J\Ooq tho |
&Keaach .

Auecir
{ ?f"b Clﬁok ﬁgﬁj& g in the taee ,then toe Conftnue tha

mﬁﬂau o fhil+m,THug maamna a nullehdd

the Seaan h rﬁem a icu_a of by trdLicated@n wnsuceossfed

2ececagion ,The hectagive Meothed. has oo
L lg contawed. An the Coment hede o2 @ hellchil
oud. . when o base Case B Aeached. ,the methed,




© Subject Code/Title: AD 3251-Data Strcts e

-Data StrucFE-ﬁ S = Unit :(ﬁ'
dotuans 2tthoy e2ence. B the node clortt511r1 ; 4hxa
62 None , baak -Hmtojlé all olt 4he 2ecungive Calls "TTu hmd
_Lndbﬁg&ﬂ% %hg.kﬂ ound. £n the Humuﬂhg_mﬂgum&w)
colt te madle b thz Link 5 octher the Aeftop Aght
201 tA%08 Ou on,t Mta,honéh] bottoeon + tma,c, and|
the ko.nd An ont nede.

/(5 .

f\iETDELL{ilrvx.
class BSTMap :

#o..
# Determines if the map contains the given key.

def __contains__( self, key ):
return self._bstSearch( self. _rocot, key ) is not None

# Returns the value associated with the key.
def valueOf( self, key ):
node = self._bstSearch( self._root, key )
assert node is not None, "Invalid map key."
return node.value

def _bstSearch( self, subtree, target ):
if subtree is None : # base case

return None
elif target < subtree.key : # target is left of the subtree root.

return self._bstSearch( subtree.left )

elif target > subtree.key : # target is right of the subtree root.

return self._bstSearch( subtree.right )
else : # base case

return subtree

# Helper method that recursively searches the tree for a target key.
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raturn None
elif subtree.left is None :

return subtree

else :
return self.

nding the node containing

_bstMinimum( subtree.left )
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class BSTMap :
# ...

# Adds a new entry to the map or replaces the value of an existing key.

def add( self, key, value ):
# Fipd the node containing the key, 1f it exists.
node = self. _bstSearch( key )
# If the key is already in the tree, update its value.
if node is not None :
node.value = value
return False
# Otherwise, add a new entry.
else :
self._root = self._bstInsert( self._root, key, value )
self._size += 1
return True

# Helper method that inserts a new item, recursively.
def _bstInsert{ self, subtree, key, value ):
if subtree is None :
subtree — _B5TMapNode( key, value )}
elif key < subtree.key :
subtree.left = self._bstInsert( subtree.left, key, value )
elif key = subtree.key :
subtree.right = self. bstInsert( subtree.right, key, value )

return sublres

G wprea £33
b @S

|

(u} bstlnseri root, A0

(e} butlnserisubtree night kev )

™~
G 5
&b & @&

subiree
-
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class BSTMap :

s Removes the map entry associated with the given key.
def remove( self, key ):
assert key in self, “Invalid map key."
sclf._root = self._bstRemove( self,_root, key )
self._size -= 1
# Helper method that removes an existing iten recursively.
def _bstRemove( self, subtree, target J
g Search for the item in the tree.
ir subtree is None |
return subtree
alif target < subtree. key :
subtree.left = self._bstRemove( subtree.left, target )
return subtree
elif target > subtree.key :
subtree.right = self._bstRemove( subtree.right, target )
return subtree
4 We found the node centaining the item.
else :
if subtree.left is None and subtreec. right is None
return None
elif subtree.left is None or subtree.right is None :
if subtree.left is not None :
return subtree.left
else :
return subtree.right

else
successor = self._bstMinimum{ subtree.right }
subtree.key = successor.key
subtree.value = successor.value
subtree.right = self._bstRemove( subtree.right, successor.key )

return subtree
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# Constants for the balance factors E:lrlmmnl@ﬁoﬂ

LEFT_HIGH = 1
EQUAL HIGH = 0
RIGHT HIGH = -1

# Implementaticn of the Map AOT using an AVL tree.
class AVLMap :
def _ _init _{ self ):
self. root = Nome
self. size = @

def len ( self ):
return self. size

def contains ( self, key }):
return self. bstSearch{ self. root, key ) is not None

def add{ self, key, value }:

node = self. bstSearch( key )

if node is not None :
node.value = value
return False

else :
{self. root, tmp) = self. avlInsert( self. root, Key. value )
self. size += 1
return True

def valueOf( self, key }:
node = self. bstSearch{ self. root, key )
assert node is not None, "Invalid map key.®

return node.value

def remove( self, key ):
assert key in self, “Invalid map key."
{self. root, tmp) = self. avlRemovel self.

self. size -= 1

ropt, key )

def . iter _{ self ):
return BSTMaplterator{ self. root )
# Storage class For creating the AVL tree node.

class AYLMapNode :
def _init { self, key, value ):

self.key = key
self.value = value
self.bfactor = EQUAL HIGH

self.left = None
self.right = None

2 bolpen. Junctons 5 panfermig fhe AvL 2o Aetakions,

class AViMap @

) #véotates the pivot to the rght around its left child.
def avlRotateRight{ self, pivot tH
€ = pivot.left
pivot.left = C.right
C.right = pivot
return C
child

# Rotates the pivot to the ieft around 1ts rignt
def avlRotateLeft( self, pivet }:

¢ = pivot.right

pivot.right = C.left

C.left = pivot

return

YT

SCIENCE A

Downloaded from EnggTree.com

oF
ﬁ!i'i'.‘:’.ﬂ‘é!_" DEPARTMENT O IMANITIES
|IAH"1NUIOE’

N



e e s AN et |
———. |

Subject Code/Title: AD 3251-Data StrudzmR@@di@e.com Unit : Gy

FF-Hotpo ,fun@rm uged 5 Aebalance Ay LIubtres,

class AVLMap :
F

# Rebalance a node whern 1ts left subtree 15 higher.

def avlLeftBalance( self, pivot ):
# Set L to point to the {eft child of the pivet.
C » pivot.left

# See 1Y the rebalancing is vwe 1o cane 1.
if C.bfactor == LEFT HIGH :

pivot.bfactor = EQUAL HIGH

C.bfactor = EQUAL HIGH

pivot = avliRotateRight( pivot }

return pivot

# Otherwise, a balance frow the left is due to tase 3.
else :
# Change the Galance factors,
if G.bfactor == LEFT HIGH :
pivot.bfactor = RIGHT HIGH
C.bfactor = EQUAL HIGH
elif G.bfactor we EQUAL HIGH
pivot.bfactor = EQUAL HIGH
C.bfactor = EQUAL HIGH
else : # G.bfactor =~ RIGHT HIGH
pivot.bfactor = EQUAL HIGH
C.bfactor = LEFT HIGH

2 ALl three cases set §5's balance factor Lo ggual hagh
G.bfactor = EQUAL HIGH

# Perform the double rotation.
pivot.left = avlRotatelLeft( L }
pivot = avlRotateRight( pivot }
return pivot

%Fl'mv& an Qmﬁmﬁ NG an AvL taee

class AVLMap :

¥ 3

4

Recursive method to handle the insertion into an AVL trec. The
# function returns a tuple containing a reference to the root af the
# subtree and 8 boolean to indicate if the subtree grow taller.
def _aviInsert{ self, subtree, key, newitem ):
¥ See if we have found the insertion point.
if subtree is None :
subtree = _AVLTreeNode( key, newitem )
taller = True

# Is the key already in the trez?
elif key == subtree.data :
return (subtree, False)

# See IT we need to navigate to the lefr.
elif key < subtree.data :
(subtree, taller) = _aviInsert{ subtree.left, key, newitem )
g If the subtrec grew taller, see if it needs rebalancing.
if taller :
if subtree.bfactor == LEFT.HIGH :
subtree.right = _avilLeftBalance( subtree )
taller = False
@elif subtree.bfactor == EQUAL_HIGH :
subtree.bfactor = LEFT_HIGH
taller = True
alse : # RIGHT HIGH
subtree.bfactor = EQUAL.HIGH
taller = False

culuunl’ DEPARTMENT OF
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# Otherwise, navigate to the right.
else key > subtree.data :
(node, taller) = _avlInsert( subtree.right, key, newitem )
# If the subtree grew taller, see if 1t needs rebalancing.
if taller :
if subtree.bfactor == LEFT_HIGH :
subtree.bfactor = EQUAL_HIGH
taller = False
elif subtree.bfactor == EQUAL_HIGH :
subtree.bfactor = RIGHT_HIGH
taller = True
else : & RIGHT HIGH
subtree.right = _avlRightBalance( subtree )
taller = False

# Return the results.
return (subtree, taller)
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class HeaannﬂtyQueue(PnnntyQueueBase} ¢ base class defines _|'Lf vy
“A min-criented pricrity quene implemented with 3 bin ary he
------------------------------- nanpublic behaviors — o

del _pafent(sel'l' 1)
return (j-1) // 2

ap.

def _left(self. j):
return 24 4 1

def _right(self. j):
return 2%j 4 2

def _has_left(self, j):
return self__left(j) - len(self._data) ¢ index beyond end of list?

defl _has_right(self, j):
return self._right{j) < len(self. _data) = ircox bovorc ore of list?

def _swap(self. i, j):
" Swap the wlements 3t indices 1 and § of array
sell _data[i]. self._data[j] = self__datalj]. self. data[;}

def _upheap(self, j):
parent = self._parent(j)
if j > 0 and self. _datafj] < self _datajparent]:
self__swap(j. parent)
self__upheap(parent) & orecur at position of parcet

def _downheap(self, j}:
if self _has_left(j):
left = self _left(j)
small_child = left ¢ although ngh: may be smaller
if self__has_right(j):
right = self _right{j)
if self _data[right] « self _data[left]:
small_child = right
if self._data[small_child] = self _data[j]:
self _swap(j, small_child)
sell _downheap(small_child) & recur st position of small child

— _ —]|
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-] RS e s public behaviors
def __init__(self):
“"v Create a new empty Priority Queune.”

self..data = [ ]

def __len__(self):

“*Return the number of items in the priority queue.

return len(self._data)

def add(self, key, value):
“ Add a key-value pair to the pnority queas 777

self._data.append(self. _Item(key, value))
self._upheap(len(self._data) — 1)

def min(self):

== Return but do not remove {k.v) tuple with minimum key.
Raise Empty exception if empty.

if self.is_.empty():

raise Empty(*Priority queue is empty.')
item — self._data[0]
return (item._key, item._value)

def remove_min(self}):
“o Remove and return (kv) tuple with minimum =ey.

Raise Ernpty exception if empiv.

if self.is.empty( ):
raise Empty("Priority queue is empty.')
self._swap(0, len(self _data) — 1)

item = self._data.pop( )
& then fix new root

+ upheap newly added position

# put minimum item at the end
4 and remove it from the list:

=

self._downheap(0}
| return (item._key, item__value)
e
SHENNAIGE DEPARTMENT OF
R SCIENCE AND HUMANITIES
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class Graph(object):
# Initialize the matrix
def _init__(self; size):
self.adjMatrix =[]
for i in range(size):
sclf.ndealrix.appcnd([U for i in range(size)])
self.size = size

Adljacen mob At
# Add edges on -
defadd_edge(self, v1, V2): aLpeen ‘0 )
ifvl ==v2: ho A A4
print("Same vertex od and %d" % (v1, v2)) Fb?”’ eac g '( Taue
self.adjMatrix[v1][v2] = 1 we sek A[ [V] b
self.adeatrix[vZ][vl] =1 Qthowvise- Hhe onk

# Remove edges
def remove_edge(self, v1, v2):
if self.adjMatrix(v1][v2] = 0:
print("No edge between %d and
return
self.adjMatrix[v1][v2] =0
self.adjMatrix[v2][v 11=0

‘H\_p_ow'rmd s
).

%d" % (v1, v2))

def _len___(selt):
return self.size

# Print the matrix
def print_matrix(seli):
for row in self.adjMatrix:
for val in row:
print('{:4} ' format(val),end=")
print("\n")

on

def main():

g = Graph(5)
g.add_edge(0, 1)
g.add_edge(0, 2)
g.add_edge(l, 2)
g.add_edge(2, 0)
g.add_edge(2, 3)
g.add_edge(4,1)
g.print_matrix()
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# Adjascency List representation in Python ,bom an wffb mm&k

class AdjNode: 3(.

def _init__(self, value):

self.vertex = value
self.next = None

class Graph:
def _init__(self, num):
self.V = num
self.graph = [None] * self.V

# Add edges

def add_edge(self, s, d):
node = AdjNode(d)
node.next = self.graph(s)
self.graph(s] = node
node = AdjNode(s)
node.next = self.graph[d]
self.graph[d] = node

# Print the graph (E 3)

def print_agraph(sclf): ~ A
for i in range(self.V): ' Og\ 'f,‘»
print("Vertex "+ str(i) +":", end=
temp = self.graphl[i] ‘

/ ""\

while temp: pe
print(" -> {}".format(temp.vertex), end="") C)— Q’/
temp = temp.next
print(" \n") -
if _name__=="__main__" W

- : gig | L ll__—j—‘ |
V=5 — 1B l 1 F; _D‘

# Create graph and edges [ . = e
graph = Graph(V) B ) _L—%‘ a l ——> A
graph.add_edge(0, 1) —] g =
graph.add_cdge(0, 2) 18! —>D

C
graph.add_edge(0, 3) D
graph.add_edge(l,l) ot , \ A —+3 e
graph.print_agraph()

o — 1
b \ondox 01— 3—>2-> | O—0O
© Vorfor | L2 >0 J
Vverfer 2t = [—20 (1) {2
Voatess ' |

—
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Visited Table Visited Table

[TJoJoJoJoJo[o]oO] [fTTtJoJoJoJo]o]o]

Starting vertex A is
marked visited n

Visited Table

Vertex B is visited

Visited Table

[fJ1Jr1JoJoJoJoJo] [CfrJrJ1JoJoJo]o]

5
Recursive call of

DFS, vertex C is
visited

Recursive call of DFS,
vertex D is visited

Wisites! Talibe

(I T ]sJjele]w]

Visatend Valide

(Y I 7JijoJeje]e]

e ktracie froem I>

Visatesd Tabibe

[T Tifsfsalayele])

Vestses! W labe

(s FfriTiTeTde)

cal of TN,

Vinisesd Totee

(A s e Jiysyejrifol

Rocursene vall of DFS,
e teon O b Vedtent

Downloaded from EnggTree.com



EnggTree.com

Visied Table
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Starting vertex A is marked
unvisited. Assume this is at
level 0.

Vertex A is completed., Circled part is level
1 and added to Queue.

Quene: A

Visited Table Visited Table

[o] Jo [o]ofoJo]o] [TJolJo[o]o]o]o]

B is completed. Selected part is Vertices C and H are
level 2 (add to Queue). completed. Circled part is

Queue: C, H level 3 (add to Queuce).
l Queune: D, E

Viasod Tabis Visited Table
Liitlofolelals] [TITelofo]o]1]
D and E are compieted. F and
G are marked with gray color
‘ (next level), All vertices completed and
Queue is empty,

Queue: Empty

Visited Table Vissted Table

(rfrjrfrfofoji] (e[ fefofofrfe]
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#Implementing Dijkstra’s Algorithm
def dijkstra(graph. initial):

visited = {initial : 0}

path = defaultdici(list)

nodes = set{graph.nodes)

while nodes:
minNode = None
for node in nodes:

if node in visited:
if minNode is None:
minNode = node
elif visited[node] < visited[minNode]:
minNode = node
if minNode is None:
break
nodes.remove{minNode)
currentWeight = visited[minNode]
for edge in graph.edges[minNode]:
weight = currentWeight — graph.distances{(minNode. edge)]
if edge not in visited or weight < visited[edge]:
visited[edge] = weight
path[edge].append(minNode)

return visited, path
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def primsAlgo(seld: . N
viTi-'tg::I=F0]':cll'.\'cnclellll (P&UHSCLQ’ &L”UU)
edgeNum=0 .
visited[0]=True Tex ‘
while edchum‘iself.vene.\‘N um-1:
min = sys.maxsize
foriin rnnge(self.vertexNum):
if visited[i]:
forjin range(sclf.vcnexNum):
if ((not visited(j]) and self.edges[i][i]):
if min > self.edges[i][i]:
min‘= self.edges[i][j]
s=i
d=j
i?sl::':;?‘;r]-ip_lr_::g([seIf.nodes[S]. self.nodes[d]. self.edges[s][d]])
edgeNum += |
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class Graph

def it (self, vertex):
self V = vertex
self graph = (]
dof add edge(self, v v. w):
self graph.append([u, V. w))
def scarch(sclf, parent, i)
if parent[i] == 1:
returm i
return self search(parent, parent[i])
def apply_union(self, parent, rank. X, V).
xroot = self search(parent. X)
yroot = self.search(parent. v)
if rank[xroot] < rank[y root:
parent[xroot] = yroot
clif rank[xroot] > rank[yroot]:
parent[yroot] = xroot
else:
parent[yroot] = aroot
rank[xroot] +- |
def kruskal(self):
result = (]
,e=0,0
self.graph = sorted(self.graph, key=lambda item: item|2])
parent = ||
rank = ]
for node in range(self.V):
parent.append(node)
rank.append(0)
while ¢ < seltV - I:
u. v, w = self.graph(i]
i=i+ 1
x = self search(parent, u)
y = self search(parent. v)
ifx =y
e=et|
result.append(|u, v, w])

msetipionparent. rank, x, v)
for u, v, weight in result:
primt("Edge:" u, viend =" ") print("-", weight)
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