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¢lass CreditCand:
def init (self, customer, bank, nent, limit):
,[ :‘-L‘ﬁ:_fllﬁlf‘llllt‘r = geustomer
selt. bank = bank l
ol account = acnt
| «olf. limit = limit
| wolf. balance = 0 )
det pet customer(sell):
return self, customer
detpet bank(selt):
retum self. bank
det pet account(selt):
return self._account
def get hmit(selt): q
retum self._limat
det get_balance(self):
retum self._balance
det charge(self, price):
if price + self._balance>self._limit: # if charge would exceed limit,
return False # cannot accept charge
clse:
self. balance += price
return True
det make payment(self, amount):
self. balance-= amount
if name__ ="' _ main__
Ist=1]]
|st.append(CreditCard(‘abc’,'SBI','56531", 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( )) l
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( ))

| [J!_:Iﬁtﬁ Balance = 272
' Customer = abc New balance = 172
[any; = SBJ New balance = 72

| Account = 5653)

| Lisnit = 2500 Customer = aaa
; [alance = 1306 Bank = AXis
| New balance = 36 Account = 539]
i 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 Operntions, implemented with Python’s specinl methods.
|
| - D —
| Common Syntax | Speclal Method Form
| 3+ b a._add__{b); allernatively b.__radd__(a) |
[ a-b a.__sub__(b): alternatively b.__rsub__(a)
axb a._.mul__(b); alternatively b. __rmul__(a)
a,/b a.__truediv__(b);  alternatively b. __rtruediv__{a) |
a /b a.__floordiv__{b); allernatively b.__rfloordiv__(a)
a%b a.—.mod__(b): alternatively b. __rmod __(3a)
S} a.__pow__(b}; allernatively b. __rpow__(2)
a<<b a.__Ishift__({b); allernatively b.__rlshift__[a)
a>>b a.__rshift __(b); allernatively b. __rrshift__(a)
3 &b a.__and_-_(b); alternatively b. __rand __(3) 1
a*b a.__xor__(b}; allernatively b. __mor__(3)
i alb a._.or__(b); alternatively b. __ror__(a) I
f 2+=0D a._-iadd__(b)
a—=»>b a.__isub__(b)
| as= b a.__imul__(b)
+a a.__pos__{)
—2 a.__neg__{)
) "a a.__invert__{)
; abs(a) a.__abs__{)
| 2a<b a.__lt__{b)
| a<=0Db a.__le__(b)
| a>>b a.__gt__{(b)
2a>=>b a.__ge__(b)
2a==>b a.__eq__(b)
2a!=0D a.__ne__(b)
vin a a.__contains __(v)
alk] a._-getitem __(k)
alk = v a.__setitem__(k.v)
del afk] a.__delitem__(k)
| a(argl, arg2. ...) | a.__call__(argl, arg2, ...)
| len(3) a.__len__{)
| hash(a) a.__hash__()
iter(a a.__iter (]
next(a) a.__next__{)
bool(a) a.__bool__()
" float{a) a.__Float__{)
int(a) a.__int__{)
repr(a) a.—-repr__()
revarsed(a) a.__reversed__[)
str(3a) a.__str__()

ﬂl‘l!"”"'l 'r DEFAHTME”T EF
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cannet be ttdecd toith vecefor. Since + opam-tcm Loil | nat

\oeton elemenls 9'[" the ALesk CGJ) [5;___:1 fBj - [;r f—hﬂ-j .:Ejf__p_f_%,l,.lp,g

l’ class Vector:
det it (self, d):
self. coords = [0]*d
det __len__ (selD):
return len(self. coords)
det _ getitem_ (self], j): '
| retum self. coords][j]
det _ setitem__ (self] j, val):
self. coords[j] = val
def __add__ (self, other):
if len(self) != len(other):
raise ValueError("dimensions must agree')
result = Vector(len(self))
for ) in range(len(self)):
result[j] = self[j] + other[j]
return result
!j def eq  (self, other):
v return self. coords = other. coords
| def ne (self, other):
return not self = other
def str (self):
| return <'+ str(self. coords)[1:-1] + ">
v = Vector(5) # construct five-dimensional <0, 0, 0, 0, 0>
V[11=23 #<0, 23, 0, 0, 0> (based on use of setitem )
v[-1]=45# <0, 23, 0, 0, 45> (also via setitem )
print(v[4]) # print 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, 31 10: "21 1]
- print(u)
 oulput
145
<0, 46, 0,0, 90>
08
<3, 206, 10, -2, 46>

Vo cton L={5,-2/3 oV H 2 {5,&,5{}.49 Veetons Cany bo
implementid LB Lot Veeton Clars that P.mﬁat@,g a
better abstaackon forthe nolion of 4 geomataic valfor
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class CreditCand:
def  imit__ (self, customer, bank, acnt, limit):
self. customer = customer
szlf. bank = bank
self. account = acnt
self. limit = limit
=2lf. balance = 10000
def get_details(self):
print(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

print("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:

munlh!yl"acmr—pﬂw(l + self. apr, 1/12)
Mol :hlyi‘acmr ;

If. bal
cc= :EF t{:-ry re 1Card( "Kumar", "IOB Bank", 5391,2000,122)

cc.get_details()
cc.transact(100)
cc.charge(100)
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numbeas, Loheae  each numbes h&ipEn oh  ONempre m?ia;ﬂ Pgﬂmij’g

hoem beas . Progression

- i
. s WS L = . [ il—}

\

GeometricProgression FibonacciProgression |7

| S

ArithmeticProgression ‘l
L |

- a -

.
s o s e e

f
[ S

PR -
e P e . [ WS e P o

class Progression:
det __init__(self;start=0):
| self.current =start
. defadvance(self):
| self.current+= |
det _ next_ (self):
i self.current is None: # our convention to end a progression
raise Stoplteration( )
| else:
! 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_progression(self,n):
| print(" ' join(str(next(self)) for j in range(n)))
| class ArithmeticProgression(Progression): # inherit from Progression
def init__ (self,increment=1,start=0):
super( ). mmt__(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): o/p
| super( ). imit__ (start) - 7]
| self.base = base De]touij: P‘(D %MM{ ©
| def advance(self): # override inherited version @ CJ\
5b T
| self.currense= self.base 01l & 3 4 NPy
| class FibonacciProgression(Progression): M{'ﬁmﬂ—Hﬂ Pdﬂjﬂiﬁgm LB
~def _init_ (self first=0,second=1): - 015&;0& 3”1’5' @H_Oz Y5
super( ).__init__ (first) # start progression at first 0 510 !5 o oMt
| self.prev = second-first # fictitious value preceding the first e @ P& St
| def advance(self): aldl tnanﬁr’l’wn 5 and 5 t'all-‘a RJ"]‘
i self.prev,self.current = self.current,self.prev+self.current g 1 12 17 ad 2T 32 3:7 ha k
if _name__ =='_main__": Creorretric F ‘on wirh bose &,
~ print( '‘Default progression:’) L 2 A e |5’a 39, biy 128 256 518,
- Progression().print_progression(10) ,% ' ] Lsth
int( ‘Ari i ion with i ! bonacee pacgression
print( ‘Arithmetic progression with increment 5:") | oﬁfétm} valuas
ArithmeticProgression(5).print_progression(10) '3 o) 3l
E print( 'Arithmetic progression with increment 5 and start 2: ') , O | | 2 B & | T
' ArithmeticProgression(5, 2).print_progression(10) Fbohactd Pao {:;lr:l éoi
\ print( ‘Geometric progression with default base: ') Ararnt weat R an ‘
GeomeltricProgression( ).print_progression(10) b o 16 b H J b8 llo 1R

GeometricProgression(3).print_progression(10)
print( "Fibonacci progression with defaull start values:') I 3 9 37 81 au3 729 &lg-flgg?a
FibonacciProgression( ).print_progression(10)
print( 'Fibonacci progression with start values 4 and 6: ')
FibonacciProgression(4, 6).print_progression(10)
——————————— ——— — ——— —_—
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print( 'Geometric progression with base 3:") BeEmplals F : :j ‘on With %3;;3
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class LmkedQueue
"FIFO queue implementation using a smgly linked list for storage.”

class _Node: )
wae Ligw t ﬂmﬂu&%&r m-nw‘*g'y Iiﬂked nod-e.” .

“dup __em:t-..cs %wﬂ*
def __smt..-&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 == 0

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(self):
" RDemove 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('Queune is empty')
answer — self._head._element
self _head = self._head._next

self._size —=
if self.is_empty( ): +# special case as queue is empty
self _tail = None # removed 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 to tail node

self _size += 1 hl
| o £mplemeont the ee ADT, WO
e h(‘,aurl U&t % SLE)CID P 2 all opeaatens.Becausde

-
e "‘a S i G boh enjﬁm o

o L, i W e e
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_ _ IOmplorvicpiing A Staclc Joith g oLl
class LinkedStack:

""" | IFO Stack implementation using a singly linked list for storage.

wirn

# nested _Node class
|  class _Node:
" Lightweight, nonpublic class for storing a singly linked node.™™"
_slots__ — '_elemant', '_next' # streamline memory usage
def __init__(self, element, next): # initialize node’s fields
self _element = element # 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 == 0

def push(self, ):
T Add element e to the top of the stack.™"
self._head = self._Node(e, salf._head) # create and link 2 new node
self _size +=1

def top(seilf):
""" 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 empty!')
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 {ie.. LIFO).

Raise Empty exception if the stack is empty.

if self.is_empty( ):
raise Empty( 'Stack is empty')
answer = self _head._element
self _head = self._head. _next # bypass the former top node
self _size —= 1
return answer
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. D oI plaen aion ©-

class ClrcularQueue
" Queue m iemem_atlon using circularly linked list for storage.’

c'lm ,.stol.__ - '_elemant’, ‘- naxt’
log - rwt —L.éeiat,ahmuxb m_d:)_ ol
def __init__(sel
" Create an empty queue."""
self._tail = None # will represent tail of qusue

self__size = 0 # number of queue elements

def __len__(self):
""" Beturn the number of elements in the queue.’

return self._size

def is_empty(self):
"= Return True if the queue is empty.
return self._size == 0

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

oy

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):
nn» Bemove 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 coldhead._element

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

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 #t old tail points to new node
self._tail = newest # new node becomes the tail

self _size += 1

def rotate(self):
nne Rotate front element to the back of the queue.

if self._size > O:
self._tail = self._tail._next # old head becomes new tail

ETET]
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J :_ﬂ;]fmfpim.an:&lﬂon of R > 52

class _DoublyLinkedBase:

LIRS merw

base ﬁ ﬁ prm'idmg a dcubly linked list representation.
SlOE_— -—‘.- M—V’I —mt

....‘.._de. itk owlsal
: it fﬁ:f d_wl:fi ﬁ“i-‘ v {Gie. oodE™”
T aﬁ“”ﬁ’a}h" fres

def __init__(self):

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

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):

nmwn

"“"Return the number of elements in the list.
return self _size

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

LR LA

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

Fret e

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(_DoublylLinkedBase): # note the use of inheritance
v Nouble-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 2 real item just after header

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

def insert_first(self, e):
v Add an element to the front of the deque.”™ ™

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

def insert_last(self, e):

“=* Add an element to the back of the deque.” ™"

self _insert_between(e, self _trailer._prev, self _trailer) # before trailer
def delete_first(self)
" Remowve and return the element from the front of the degue

Raise Empty exception if the deque is empty.

if self.is_empty( ):
raise Empty("Deque is empty")
return self _delete_node{self. _header _next) # 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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Bubble sort - selection sort — insertion sort — merge sort — quick sort - linear search — binary search —
hashing - hash functions — collision handling — load factors, rehashing, and efficiency
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class BSTMap :
#o...
# Determines if the map contains the given key.
def __contains__( self, key ):
return self. bstSearch( self. root, key ) is not None

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

# Helper method that recursively searches the tree for a target key.
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
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class BSTMap :

#
nding the node containing the minimum Kkey.

4 Helper method for fi
def _bstMinumum( self, subtree }:
if subtree is None :
return None
elif subtree.left is None :
return subtree
else :
return self.

_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 ):
¥ Fipg the node containing the key, If 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
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class BSTMap :

# 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 1ten recursively.
def _bstRemove({ self, subtree, target )
g Search for the item in the tree.
ir subtree 1s None |
return subtree
alif target < subhtree. 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 containing the item.
else :
if subtree.left is None and subtree.right is None
return None
elif subtree.left is None eor 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 rl{JZI?YQIIKCLffEJfl

LEFT_HIGH = 1
EQUAL HICGH = 8
RIGHT HIGH = -1

# Implementaticn of the Map ADT 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, wvalue )
self. size += 1
return True

def valueOf( self, key }:
node = self. bstSearch{ self. root, key )
assert node is not Naone, “Invalid map key."”

return node.value

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

self. size -= 1

rept, key )

def _ iter _{ self }):
return BSTMaplterator{ self. root ]
# Storage class for creating the AVL tree node.
class AVLMapNode :
def _init { self, key, value }:

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

self.left = None
self.right = None

:H:_HQ,[P.D)L Afunc}r‘m fo Pm'jcmma tho AvL F20e AstOHONS,

class AViMap !
¥ uus
# Rorates the plval 1o 1
def avlRotateRight{ self, pivot LI

C = pivot.left

pivot.left = C.right

C.right = pivot

return C

he raght around its teft chil

& Rotates the pivot to the jeft around 1Ts rignt child.

def avlRotateLeft( self, pivoet }:
¢ = pivot.right
pivot.right = C.left
€.left = pivot
return

™y

l—
cneunnd@® DEPARTMENT OF
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class AVLMap :
[ S

# Rebalance a node whern Its left subtres 15 higher.
def avlLeftBalance( self, pivot ):
# Set L to point te the left child of the pivof.
C = pivot.left

# See 1Y the rebalancing is due to case 1.
if C.bfactor == LEFT HIGH :

pivot.bfactor = EQUAL HIGH

C.bfactor = EQUAL HIGH

pivot = avlRotateRight( pivot }

return pivot

# Otherwise, a talance from the left is due to case 3.
else :
# Change the Galance factors
if G.bfactor == LEFT HIGH :
pivot.bfactor = RIGHT HIGH
C.bfactor = EQUAL HIGH
elif G.bfactor e= EQUAL HIGH
pivot.bfactor = EQUAL HIGH
C.bfactor = EQUAL HIGH
else : # G.bfactor «- RIGHT HIGH
pivot.bfactor = EQUAL HIGH
C.bfactor = LEFT HIGH

® ALl three cases set §'s balance factor o egual high
G.bfactor = EQUAL HIGH

¥ FPerform the double rotation.

pivot.left = avlRotatelLeft( L }

pivot = aviRotateRight( pivot }

return pivot

%[‘—I'mv& an. QrLf:m.Oz Nl o Ak tace

class AVLMap :
# Gs..

Recursive method to handle the insertion inte an AVL trec, The
function returns a tuple centaining a reference to the ropr of the
subtree and a boolean to indicate IT the subtree grew taller.
def _avlInsert{ self, subtree, key, newitem }:
# See iT we have found the insertion point
if subtree is None :
subtree = _AVLTreeNode( key, newitem )
taller = True

oAy W

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

# See IT we need 1o navigate to the lefr.
elif key < subtree.data :

{subtree, taller) = _avlInsert{ subtree.left, key, newitem )
g If the subtree 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

else : # RIGHT HIGH
subtree.bfactor = EQUAL.HIGH
taller = False

FF-Hotpo ,funm‘*rm uged 5 Aebalance AvLJubtrges.
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Unit : E

r

# 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 HeaanmtyQueue(PnnntyQueueBase}
“A min-criented pricrity quens implemented with a binary heap.” ™"

¢ base class defines _ltem

nonpublic behaviors —— e

del' —parent(sell. j):
return (j-1) // 2

def _left(self. j):
return 2% + 1

def _right(self. j):
return 2% 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) ingex bovorc erc of list?
del _swap(self. i, j):
""Swap the vlements at

self _data[i]. self..data[j] =

indices | and | of array

self__datafj]. self. data[l]

def _upheap(self, j):
parent = self _parent(j)

if | > 0 and self. _datafj] < self _data[parent]:
self_swap(j. parent)
self__upheap(parent) recur at posicion of parent

def _downheap(self, j):
il self _has_left(j):
left = self. _left(j)
small_child = left
if self _has_right(j):
right — self _right{j)
if self _data[right] =
small_child = right
if self._data[small_child] = self _data[j]:
self _swap(j, small_child)
sell _downheap(small_child)

£ although righs may be smaller

self._data[left]:

2 recur 4t position of small child

ki “Sgregiie = |

Qu

Unit

—
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T P N e public behaviors
def __init__(self):
“vv Create a new empty Prionty Queue.”

self._data = [ ]

def __len__(self):

" Return the number of items in the priority queue.

return len(self._data)

def add(self, key, value):

o Add a key-value pair to the pnionty queues 77
self._data.append(self. _Item(key, value))
self._upheap(len(self. _data) — 1)

+ upheap newly added position

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. 1)
item = self._data[0]

return (item._key, item._value)

def remove_min(seif):
- Remove and return (k.v) tuple with minimum key.

Raise Ernpty exception if empiv.

if self.is.empty( ):
raise Empty(*Priority queue is empty.')
self._swap(0, len(self _data) — 1) # put minimum item at the and
item = self._data.pop( ) 4 and remove it from the list:
s then fix new root

self._downheap(0}
return (item._key, item__value)

——
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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.adealrix[v2][vl] =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
class AdjNode:
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 (Ea)
def print_agraph(sclf): e =
for i in range(self.V): ‘ (‘A)— — \Y
print("Vertex "+ str(i) +":", end="" T
temp = self.graphl[i]
while temp: e o
print(" > {}".format(temp.vencx), end="") ( §_ J I LB Q’/
temp = temp.next
print(" \n") o
if _name__=="__main__" i ’A e T
V=5 1**%5_{~— D
# Create graph and edges * - e
graph = Graph(V) B _:*:1— el l __‘9_ A
graph.add_edge(0, 1) c | —-r gl s—
graph.add_edge(0, 2) ] 1 Bl —D
graph.add_edge(0, 3) T |t } \/_l 7 - _1 .

graph.add_edge(, 2) —
graph.print_agraph()

o — 1
P \uadox 6> 3—>2—> | O—0B

- Vorder | L2 —>0

\ma-hza‘,,-;. [ —> 6 (|\, g~
W—‘H’Qt&:%o " '
Voatenh ' |
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#Implementing Dijkstra’s Algorithm
def dijkstralgraph. initial):

visited = {initial : 0}

path = defaultdici(list)

nodes = setigraph.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(s 10): r _—
viF;?trc':i: FO]':cll'.\‘Cﬂc.\Nlllll ('P.u.rmol o)
edgeNum=0 Tos . )’
visited[0]=True
while edchum‘iself.vene.\‘N um-1:
min = sys.maxsize
foriin rnnge(self.vertexNum):
if visited[i]:
forjin range(self.venexNum):
if ((not visited(j]) and self.edges[i][i]):
if min > self.edges[i][j]:
min = self.edges[i][j]
s=i
d=j
e ¢ self.nodes{d]. self.edges(s]d])
edgeNum += |
—
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class Graph

dof imt (sell. veriex):
self V = vertex
self graph = (|
dof add edge(sell, u. v W)
scll'.gmph.nppcnd(lu. v, w])
def scarch(sclf, parent, i):
if parent[i] == 1:
returm i
return self search(parent, parent[i])
def apply_union(sell, parent, rank. X, V).
xroot = self search(parent. X)
yroot = self.search(parent. v)
if rank[xroot] < rank[yroot}:
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=e+|
result.append(|u, v, w])

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

Downloaded from EnggTree.com



