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myStack=[1,21,32,45] o_palic JAY) g (uaSal) Ciy 2

print("Initial stack: ", myStack) CuSal) palic deli

print(myStack.pop()) CuSall (ya cd gdaal) patel) Aol

print("The new stack after pop: ", myStack) Laal) (uakal) palies dsli

myStack.append(78) CaSall Laa paic 48U

print("The new stack after push: ", myStack) (Al (uasall Aol
Jalslly e ) 2 8l)
myStack=[1,21,32,45]
print("Initial stack: ", myStack)

print(myStack.pop())
print(myStack.pop())

print("The new stack after pop: ", myStack)
myStack.append(78)

print("The new stack after push: ", myStack)

Yroe: wiSad! jolic gaox> dd> @ Y-)

myStack=[1,21,32,45] o_palic JAY) g (ualal) Ciy 2
print("Initial stack: ", myStack) ouSall pualic dslh

a=len(myStack) uilall Joh e
print("size of stack",a) cudkal) J b dclils
# empty the stack dield g puiSall yalic asan cidal 4y ) S5 Al
foriin range(a):
myStack.pop()
print(myStack)

myStack.pop() 18 (uika (e paie Cida

Jalslly e ) 280
myStack=[1,21,32,45]
print("Initial stack:", myStack)
a=len(myStack)
print("'size of stack",a)
# empty the stack
for i in range(a):
myStack.pop()
print(myStack)

myStack.pop()
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def push(stack,element):
stack.append(element)

il yaic A8La) A)a

def pop(stack):
return stack.pop()
def isEmpty(stack):
return len(stack)==0

GudSall fa pais Al A
§ 8 (uasal) ols 13 Al

def createStack():
return []

u.u.\S.A ;L.:.J\ 3\4\4

newStack=createStack()

) L) Guad) palie (g b (uasa pLA)
(<is) Y

while True:

print("The stack so far is:",newStack)
" ")
print("Choose 1 for push")
print("Choose 2 for pop")
print("Choose 3 for end")
print(" ")
choice=int(input("Enter your choice: "))

(
(
K
(

Tra g 4 plhall COEN Cilel ) Cl La dslda
JRECIR

while choice!=1 and choice!=2 and choice!=3:
print ("Error")

ESA e a0 Cillia B oY Uad Alla; dolih

choice=int(input("Enter your choice: "))

£1 2V by Jialy adiicall 7 Lacd)

if choice==1:
x=int(input("Enter element for push: "))
push(newsStack,x)
elif choice==2:
if not isEmpty(newStack):
print("The pop element is:",pop(newStack))
else:
print("The stack is empty")
else:
print("End of program")
break;

X 9\)@?\(3)3&53&“!)&‘ L1 L i Ao
ECHRIPLEYY

Jalslly el 3 4d)

def push(stack,element):
stack.append(element)
def pop(stack):
return stack.pop()
def isEmpty(stack):
return len(stack)==0
def createStack():
return []
newStack=createStack()
while True:
print("The stack so far is:",newStack)
print(" ")
print("Choose 1 for push")
print("Choose 2 for pop")
print("Choose 3 for end")
print(" ")
choice=int(input("Enter your choice: "))
while choice!=1 and choice!=2 and choice!=3:
print ("Error")
choice=int(input("Enter your choice: "))
if choice==1:
x=int(input("Enter element for push: "))

(
(
K
(
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push(newsStack,x)
elif choice==2:
if not isEmpty(newStack):
print("The pop element is:",pop(newStack))
else:
print("The stack is empty")
else:
print("End of program")
break;

Pioa: yealald jelie d3Lsl 4 di> @ £-)

>l Y el Y

myQueue=[1,21,32,45] b_palic JAA g gatlall Ciy s

print("Initial queue: ", myQueue) L5l alic Aol

myQueue.pop(fl) Al Jalaall Gy gaball (pe aaind) it

print("The new queue after pop: ", myQueue) yaal) ) glkal) palic 4ol

myQueue.append(78) Jsidall bas paic 43l

print("The new queue after push: ", myQueue) gl L gilal) ds ik

Jalslly (el 35S0

myQueue=[1,21,32,45]
print("Initial queue: ", myQueue)
myQueue.pop(0)
myQueue.pop(0)
print("The new queue after pop: ", myQueue)
myQueue.append(78)
print("The new queue after push: ", myQueue)

Floe : ygalthll jolic gaox> dd> @ 0-)

) Y ) YY) T

myQueue=[1,21,32,45] opalis JAY) g gutdall iy gt

print("Initial queue: ", myQueue) sl palic dela

a=len(myQueue) osdal) Sk e

print("size of queue ",a) gl Jghdela

# empty the queue diclda g gl jualic aien cidal 4y ) S5 4Gl

foriin range(a):
myQueue.pop(0)

print(myQueue)

myQueue.pop(0)

Jalslly el 3 4d)

myQueue=[1,21,32,45]
print("Initial queue: ", myQueue)
a=len(myQueue)
print("size of queue ",a)
# empty the queue
foriin range(a):
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myQueue.pop(0)
print(myQueue)
myQueue.pop(0)

YWoeidadhod Su>g Lisbgy yealb

Las! @ 1-)
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from queue import*

el Aa 31 il

myQueue = Queue()

'&Jl.au salda g L)

# add the elements in the queue
myQueue.put("a")
myQueue.put("b")
myQueue.put("c")
myQueue.put("d")
myQueue.put("e")
# print the elements of the queue
for element in list(myQueue.queue):
print(element)

ielh o dhaloan g Ahli gy ) gildal) sualic JUA

Jalslly (el 3580

from queue import*
myQueue = Queue()

# add the elements in the queue
myQueue.put("a")
myQueue.put("b")
myQueue.put("c")
myQueue.put("d")
myQueue.put("e")

# print the elements of the queue

for element in list(myQueue.queue):

print(element)

A oa t e |

Ledsun pandd duhald Bd>y daabgy yealb s Llalil

V-3

) Y

el Y

from queue import*

sl Aa 31 il

myQueue = Queue()

'&Jl.au sl g L)

foriin range(5):
element=input("enter queue element: ")
myQueue.put(element)

gielh o dhaloan g Ahli gy ) gildal) sualic JWA

for element in list(myQueue.queue):
print(element)

Taild Jala gl jualic delh

print ("Queue size is: ",myQueue.qgsize())

JJ,:LH\*AZ\SL.E

Jalslly (el 35S0

from queue import *
myQueue = Queue()
foriin range(5):

myQueue.put(element)
for element in list(myQueue.queue):
print(element)

element=input("enter queue element: ")

print ("Queue size is: ",myQueue.qgsize())
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import queue

sl Aa 31 il

myQueue = Queue()

'&Jl.au salda g L)

(llall)
(llbll)
(llc )
("d")

myQueue.put
myQueue.put
myQueue.put
myQueue.put
myQueue.put("e")

Ahaioda g didi gy guthall yualic JUAN

checkFull=myQueue.full()
print("ls the queue full? ", checkFull)

oda g Adudi gy ) gildall £Nlia) (e (FRa dpii Aclida
Aha

.

checkEmpty= myQueue.empty()
print("ls the queue empty? ", checkEmpty)

s gdiligy jgithll £ 8 e Fail) dasiidelb
Aha

.

Jalslly (el 35S0

import queue
myQueue = Queue()
myQueue.put("a")
myQueue.put("b")
myQueue.put("c")
myQueue.put("d")
myQueue.put("e")

checkFull=myQueue.full()

print("ls the queue full? ", checkFull)

checkEmpty= myQueue.empty()

print("ls the queue empty? ", checkEmpty)

¥ioe

.

Aol Bd>y iy ojwolic Bi> g waso s Lid|

9=
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from queue import*

sl Aa 31 il

myStack = LifoQueue()

Agdaal Baa g A gy Waa (il L)

myStack.put("a")
myStack.put("b")
myStack.put("c")
myStack.put("d")
myStack.put("e")

Aaal saa g A8k gy (uaSall palic JW

foriin range(5):
k=myStack.get()
print(k)

188 g Audaat Bas g Adu3 g 48 ghaall (uaSall palic delids
LIFQ 3l

checkEmpty= myStack.empty()
print("Is the stack empty?", checkEmpty)

Ma‘gx.\’:ﬁ‘y uSall &‘}m@\@kgﬁ
Lhaal

.

Jalslly (el 35S0

from queue import *
myStack = LifoQueue()
myStack.put("a")
myStack.put("b")
myStack.put("c")
myStack.put("d")
myStack.put("e")
foriin range(5):

k=myStack.get()
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print(k)

checkEmpty= myStack.empty()
print("ls the stack empty?", checkEmpty)

1t e olidaldl delub jealb 5LSLao @ )+

) A o Adaddiiall @) aiial)

5 (Al delikal) ) ol aas) printQueueSize s (U5 el yiis) printDocument

e 1 ot I (5-b0 ok )5S (i ) e ) NSNS

delball ) sillal tiaeall Capa

=8y aaall paads cqueue 4iSe o

debbll sl (e aituall ki printDocument ((4aald ) ¥ &l

) Y

>l Y

from queue import *
import time

Ja LY deadiall "queue" AiSa ) il
.ll‘)ﬁLLIl tL\LIL\.\n

"sleep" ddks 5 AladiuY "time" AuiSa 3 yiiul
el (B il dslzay

printDocument =
printQueueSize =0
=7
= Queue(printQueueMaxSize)

)il K

def (document):
printQueueSize = printQueue.gsize()

S a2 " FBORUERY | - s
IS L 13 pandy A o 85 deldall ) gl )
"gsize" Wlall aladiuly ¥ ol Glies debbll ) 5ih
(s.a.aﬂ"“ﬁ\ ?AA-‘ L 4t jlaa g saldall EAAG_\c Jpasll

) Y

>l Y

if printQueueSize == :
print("!! ", document, " was not sent to print queue.")
print("The print queue is full.")
print()
return

_.put(document)

time.sleep(0.5) #Wait 5.0 seconds
print(document, " sent to print queue.")
printQueueSizeMessage()

O o) i Al ) de b oy (llias ) gollall (IS 13
(siae delihall ) silda Y asilia) oy o)) i)

e, I ) )l ddls) Q5 Y
adlay "sleep” ANl ele st P "put" adlal
Aalaay (5 aial) i gl 3lSaad A ¢, 0 sadl als

def printDocument():
printQueueSize = printQueue.gsize()

aiiuall 4Lkl "printDocument” Yalla cay s
Lo 13) Gandy YA o5 delall gl 3 )
Al alasiunly ¥ ol e e delhl) ) gl oS

dadlly 4 Hlaa g ) gatdall paa sle Jpaall "qsize"
i

if printQueueSize == 0:
print("!! The print queue is empty.")
print()
return

printDocument = printQueue.get()
time.sleep(1) # wait one second

O ) i by delida oy e Jli ) golall (IS 13
g oM skl

A 355 50 31 iy "get" Al elexinl £ V)
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print ("OK - ", printDocument, " is printed.") ALy "sleep” WAl clexivl alyy ) gdall 4
printQueueSizeMessage() Griuall i ol) BlSLaal Baa g A0 saal Al
Cilatiual) deludal

def printQueueSizeMessage(): 258 Lgitlial a3 (o) il latiual) delila
printQueueSize = printQueue.gsize()

if printQueueSize == 0:

print ("There are no documents waiting for printing.")

elif printQueueSize == 1:

print ("There is 1 document waiting for printing.")

else:

print ("There are ", printQueueSize, " documents waiting for
printing.")

print()
addDocument("Document A")
addDocument("Document B")
addDocument("Document C")
addDocument("Document D")
addDocument("Document E")
addDocument("Document F")
addDocument("Document G")
printDocument()
addDocument("Document H")
printDocument()
addDocument("Document I")
printDocument()
addDocument("Document J")
addDocument("Document K")
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()

Jalslly el 3 4d)

from queue import *
import time
printDocument =
printQueueSize =0
printQueueMaxSize =7
printQueue = Queue(printQueueMaxSize)

# add a document to print the queue
def addDocument(document):
printQueueSize = printQueue.qsize()
if printQueueSize == printQueueMaxSize:
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print("!! ", document, " was not sent to print queue.")
print("The print queue is full.")
print()
return
printQueue.put(document)
time.sleep(0.5) #Wait 5.0 seconds
print(document, " sent to print queue.")
printQueueSizeMessage()

# print a document from the print queue
def printDocument():
printQueueSize = printQueue.qgsize()
if printQueueSize == 0:
print("!! The print queue is empty.")
print()
return
printDocument = printQueue.get()
time.sleep(1) # wait one second
print ("OK - ", printDocument, " is printed.")
printQueueSizeMessage()

# print a message with the size of the queue
def printQueueSizeMessage():
printQueueSize = printQueue.qgsize()
if printQueueSize == 0:
print ("There are no documents waiting for printing.")
elif printQueueSize == 1:

print ("There is 1 document waiting for printing.")
else:
print ("There are ", printQueueSize, " documents waiting for printing.")

print()
addDocument("Document A")
addDocument("Document B")
addDocument("Document C")
addDocument("Document D")
addDocument("Document E")
addDocument("Document F")
addDocument("Document G")
printDocument()
addDocument("Document H")
printDocument()
addDocument("Document I")
printDocument()
addDocument("Document J")
addDocument("Document K")
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
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printDocument()
printDocument()
printDocument()

1oe A pldadwly Budie sLESI ot VY-)

) Y >l )
class Node: lguaduad g baial) 438 (i i
def __init__ (self, data, next=None):
self.data = data # node data daall ol

self.next = next # Pointer to the next node A Bkl diga
first = Node("Monday") e lda g 5aal) (yly (i jAS
print(first.data)

Jalslly e sl 3 6<l)
class Node:
def _init_ (self, data, next=None):
self.data = data # node data
self.next = next # Pointer to the next node
# Create a single node
first = Node("Monday")
print(first.data)

Busl g Sz Aol gdie LadL3 s LASI @ YY-)

e ) ) Y £k

class Node: aibad g abad) Aid Ciy jd
def __init__ (self, data = None, next=None):
self.data = data Badad) iy
self.next = next G AY) BaEal) pdiga
class LinkedList: Lpaibad g ddayf sial) daildl) 48 iy
def __init__ (self):
self.head = None aglal Base (il
Linkedlist1 = LinkedList() Lol g dday) sial) Aail@l JAla Bakad) Gl cp 3A3
Linkedlistl.head = Node("Monday")

print(Linkedlist1.head.data)

Jalslly e ) 3 6<l)
# single node
class Node:
def _init__ (self, data = None, next=None):
self.data = data
self.next = next
# linked list with one head node
class LinkedList:
def _init__ (self):
self.head = None
# list linked with a single node
Linkedlist1 = LinkedList()
Linkedlist1l.head = Node("Monday")
print(Linkedlist1.head.data)
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class Node: aibad g d8el 48 iy ad
def __init__ (self, data = None, next=None):
self.data = data Sl b

self.next = next S AY) Baiall pdigal)
class LinkedList: Lpaibad g ddayf sial) dailall 48 iy
def _init__ (self):

self.head = None A Baall

linked_list = LinkedList() dday) jial) Al (303 Libealaas dhad) iy ¢ 33

# the first node

linked_list.head = Node("Monday")

# the second node

linked_list.head.next = Node("Tuesday")

# the third node

linked_list.head.next.next = Node("Wednesday")

# print the linked list

node = linked_list.head

while node: i) Al g 5 AT Bakal Bake (ya AL
print (node.data)
node = node.next

Jalslly eyl 3 6<l)
class Node:
def _init__ (self, data = None, next=None):
self.data = data
self.next = next

# an empty linked list with a head node.
class LinkedList:
def __init__ (self):
self.head = None
# the main program

linked_list = LinkedList()

# the first node
linked_list.head = Node("Monday")

# the second node
linked_list.head.next = Node("Tuesday")
# the third node
linked_list.head.next.next = Node("Wednesday")
# print the linked list
node = linked_list.head
while node:
print (node.data)
node = node.next

Vo) Sl sl jjha Bagy V¢ Lgillll  Sal) deae 3y 0 1 BAELY)




Loyl yied) dadLadl )
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class Node: aibad g d8al 48 iy ad
def __init__(self, data = None, next=None):
self.data = data Qiel) oyl
self.next = next G AY) BaEal) pdiga
class LinkedList: Lpaibad g ddayf sial) dailall 48 iy
def __init__(self):
self.head = None A Bakall
def insertAfter(new, prev): Sal) eLd) d)a
new_node = Node(new)
new_node.next = prev.next
prev.next = new_node
L_list = LinkedList() Aailall yiiabel) 7))
# add the first two nodes
L_list.head = Node(12)
second = Node(99)
L_list.head.next = second
insertAfter(37, L_list.head) Aailal) dolids g piaal) (p Bagaad) Sakal) A3l
# print the linked list Aday) yial)
node = L_list.head
while node:
print (node.data)
node = node.next

Jalsil @.U.m 3 sl
# single node
class Node:
def __init__(self, data = None, next=None):
self.data = data
self.next = next
# linked list with one head node
class LinkedList:
def _init_(self):
self.head = None
def insertAfter(new, prev):
# create the new node
new_node = Node(new)
# make the next of the new node the same as the next of the previous node
new_node.next = prev.next
# make the next of the previous node the new node
prev.next = new_node
# create the linked list
L_list = LinkedList()
# add the first two nodes
L_list.head = Node(12)
second = Node(99)
L_list.head.next = second
# insert the new node after node 12 (the head of the list)
insertAfter(37, L_list.head)
# print the linked list
node = L_list.head
while node:
print (node.data)

node = node.next
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) ) ) Y 7
class Node: lguailiad g Jial 438 iy 5
def __init__ (self, data = None, next=None):
self.data = data
self.next = next
class LinkedList:
def _init__ (self):
self.head = None

def deleteNode(key, follow): Baial) cida 1o iy s
# store the head node
temp = follow.head
while(temp is not None): ) il pdiiga g Ahad) ayaail 4y ) 5 ARl
if temp.data == key:
break
prev = temp
temp = temp.next
prev.next = temp.next
temp = None
L_list = LinkedList() il pigall dayy g Aadldll dhal) ) )
# add the first three nodes
L_list.head = Node(12)
second = Node(37)
third = Node(99)
L_list.head.next = second
second.next = third
deleteNode(37,L_list) dial) A8, Aok g 4y pllaal) Bl i
# print the linked list
node = L_list.head
while node:
print (node.data)
node = node.next

Jalslly ) 3 6<l)
# single node
class Node:
def _init__ (self, data = None, next=None):
self.data = data
self.next = next
# linked list with one head node
class LinkedList:
def __init__ (self):
self.head = None
def deleteNode(key, follow):
# store the head node
temp = follow.head
# find the key to be deleted,
# the trace of the previous node to be changed
while(temp is not None):
if temp.data == key:
break
prev = temp

Vo) Sl sl jjha Bagy V¢ Lgillll  Sal) deae 3y 0 1 BAELY)




temp = temp.next
# unlink the node from the linked list
prev.next = temp.next
temp = None
# create the linked list

L_list = LinkedList()

# add the first three nodes
L_list.head = Node(12)
second = Node(37)
third = Node(99)
L_list.head.next = second
second.next = third
# delete node 37
deleteNode(37,L_list)
# print the linked list
node = L_list.head
while node:
print (node.data)
node = node.next
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et gedobadl weold aldkiwly Fxd sLlad| o V1-)

s

) A ) o C o

myTree = { Byl gL
"a": ["b", "c"], # node Sl sl
"p: ["d", "e"], Jalad ol 188 g aBel) L)
"c": [None, "f"],
"d": [None, None],
"e": [None, None],
"f'": [None, None],

print(myTree)

Jalslly el 3 4d)
myTree = {
"a": ["b", "c"], # node
"b": ['d", "e"],
"c": [None, "f"],
"d": [None, None],
"e": [None, None],
"f": [None, None],

}
print(myTree)

et Lagwlic o diduialdl Lhiedl osue delyday 5umd s LiS| : YV-)

2l Y ) Y 7

myTree = {"Data Structures":["Linear","Non-linear"], s s JS £l 9 Jual) dyaaty B el o L)
"Linear":["Stack","Queue","Linked List"],

"Non-linear":["Tree", "Graph"]}
for parent in myTree: s sae g Jua¥) Aol aa § jaudd) Jya‘\xl,uussi\‘.’e.\;
print(parent, "has",len(myTree[parent]),"nodes" ) Jual Js
for children in myTree[parent]: £ Al Al aa 3 _adil) B g 81 4 ) S5 dlla
print(" ",children)

Jalslly eyl 3 6<l)
myTree = {"Data Structures":["Linear","Non-linear"],
"Linear":["Stack","Queue","Linked List"],
"Non-linear":["Tree", "Graph"]}
for parent in myTree:
print(parent, "has",len(myTree[parent]),"nodes" )
for children in myTree[parent]:
print(" ",children)
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myGraph ={"a" :
"b": ["c", "d"],
"' "d", "e"],
"d" 1]

e [l

}

['b","c",

a3 5al) Bhad| Sie pLE)

print(myGraph)

Jalslly el 3 4d)

myGraph ={"a": ["b","c"],
"o": ["c", "d"],
"c".["d", "e"],
"d" ),
"e" 1],
}
print(myGraph)

W per Bdd> A g

Y4-)

) Y

>l Y

# function for adding an edge to a graph
def addEdge(graph,u,v):
graph[u].append(v)

def generate_edges(graph):

edges =]

Aa ga ) abadal) B kel Cil gad) ddLal AN o L)
LEaY Lgile i

for node in graph:

for neighbour in graph[node]:

# if edge exists then append to the list
edges.append((node, neighbour))
return edges

L 5 slaall dhad) g Bl il gald) ABLZY 4y ) S5 cilila

myGraph = {"a" : ["b","c"],
"p": ["c", "d"],
"o "d", "e"],
"d" ],
e [l
}
print("The graph contents")
print(generate_edges(myGraph))

g lusa 9 d8al) Laat g da ga yuid) abadlal) L&)
Jabiall Aol

addEdge(myGraph,'a’,'e')
addEdge(myGraph,'c','f")

print("The new graph after adding new edges")
print(generate_edges(myGraph))

2, glhaal) aiel) 3h g Jabadall i galf A8La) A2 ple i)
Laal) date 4l ahdall el g

Jalslly (el 35S0

# function for adding an edge to a graph

def addEdge(graph,u,v):
graph[u].append(v)

# function for generating the edges of a graph

def generate_edges(graph):
edges =]

Vol slba) elSi) ) 8a Bany V€ g 3lEN)
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# for each node in graph
for node in graph:
# for each neighbouring node of a single node
for neighbour in graph[node]:
# if edge exists then append to the list
edges.append((node, neighbour))
return edges
# main program
# initialisation of graph as dictionary
myGraph = {"a" : ["b","c"],
"o": ["c", "d"],
" ["d", "e"],
"d" ),
"e" 1,
}

# print the graph contents
print("The graph contents")
print(generate_edges(myGraph))

# add more edges to the graph
addEdge(myGraph,'a’,'e'
addEdge(myGraph,'c','f")

# print the graph after adding new edges
print("The new graph after adding new edges")
print(generate_edges(myGraph))
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def mySumGrade (gradesList): EaY Lgile i aaall A)a oL
sumGrade=0 (MY 23 ) daildl) Jgha aaas
I=len(gradesList) i . . e
for i in range(l): e e r:j
sumGrade=sumGrade+gradesList[i]
return sumGrade
def avgFunc (gradesList): BaY Lgile i Jow glall Alfa L)
s=mySumGrade(gradesList)
I=len(gradesList)
avg=s/l
return avg
grades=[89,88,98,95] aliad) J1a)

averageGrade=avgFunc(grades) Lo gial) dad Ao 5 Jau glal) Al gl i)
print ("The average grade is: ",averageGrade)
Jalslly e ) 3 6<l)
def mySumGrade (gradesList):
sumGrade=0
I=len(gradesList)
foriin range(l):
sumGrade=sumGrade+gradesList[i]
return sumGrade
def avgFunc (gradesList):
s=mySumGrade(gradesList)
I=len(gradesList)
avg=s/I
return avg
# program section
grades=[89,88,98,95]
averageGrade=avgFunc(grades)
print ("The average grade is: ",averageGrade)
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def factorialLoop(n): BaY Lgile Sl g puaalf A sl
result=1 4k ple i) Ada Al
foriin range(2,n+1):
result = result * i
return result
num = int(input("Type a number: ")) g aal) A ple i) g 22ad) Jia)
f=factorial(num)
print("The factorial of ", num, " is: ", f) dial) g pae dafii dslls

Jalslly gl 3 6<l)
def factorialLoop(n):
result=1
foriinrange(2,n+1):
result = result * i
return result
# main program
num = int(input("Type a number: "))
f=factorialLoop(num)
print("The factorial of ", num, " is:",f)

Viua:‘:,jj_‘b.o_” ;l’_”.l_s 9_3_) uj_).‘a_o uLw.>: Y-¥Y

) A ) ) C o
def factorial(x): BaY Lgile sl g puaalf A sl
if x==0: 4k ple i) Ada Al
return 1 Gy paall Adaa (ki
else:
return (x * factorial(x-1))
num = int(input("Type a number: ")) Qg pdaal) iy pledind g aad) JA)
f=factorial(num)
print("The factorial of ", num, " is: ", f) dial) g pae dafii dslls

Jalslly e sl 3 6<l)
def factorial(x):
if x==0:
return 1
else:
return (x * factorial(x-1))
# main program
num = int(input("Type a number: "))
f=factorial(num)
print("The factorial of ", num, " is: ", f)
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def findMaxRecursion(A,n): LaY Lgdle din) aid Sy aaall A3 oL

if n==1: 4k ple i) Ada Al
m = A[n-1] C . " .
else: éj\ﬁY\}@h\JWg?}%M&\ ‘;:.:15 1.\!
m = max(A[n-1],findMaxRecursion(A,n-1)) il gl g Al st &4 e
return m
myList = [4,73,-5,42] Aaildl) Jgha (A5 9 Aailll) B 1Y) (A3
| = len(myList)
myMaxRecursion = findMaxRecursion(myList,|) g paic uS) Aol 5 A ple sind
print("Max with recursion is: ", myMaxRecursion)
Jalslly gl 3 6<l)
def findMaxRecursion(A,n):
if n==1:
m = A[n-1]
else:
m = max(A[n-1],findMaxRecursion(A,n-1))
return m
myList = [4,73,-5,42]
| = len(myList)
myMaxRecursion = findMaxRecursion(myList,|)
print("Max with recursion is: ", myMaxRecursion)

Ladls 5 yade ST gflyddwl @0 LA Ly ylally €Y

) Y ) e C‘J.u".x ‘
def findMaxlteration(A,n): LEaY Lgle din) aid Sy daall 43 oL

m = A[0O] 4k ple i) Adla Al

foriin range(1,n): o JSAG e g Aaildl) yualic JWASY Ay )5 Alls
' . . Y :

m = max(m,Ali]) > R
return m IR

myList = [4,73,-5,42] Aaildl) Jgha (A0 9 Aailll) B 1Y) (A3
| = len(myList)
myMaxlteration = findMaxIteration(myList,|) g paic uS) dslih 5 A plesind
print("Max with iteration is: ", myMaxIteration)
Jalslly eyl 3 6<l)
def findMaxlteration(A,n):
m = A[O]
foriin range(1,n):
m = max(m,A[i])
return m
# main program
myList = [4,73,-5,42]
| = len(myList)

myMaxlteration = findMaxlIteration(myList,|)
print("Max with iteration is: ", myMaxIteration)
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def powerFunRecursive(baseNum,expNum): GBaY Lgile diad asall dieliaa Gbwad A gL
if(expNum==1): 41 sl ple i) Aly Al
return(baseNum)
else:
return(baseNum*powerFunRecursive(baseNum,expNum-1))
base = int(input("Enter number: ")) L £ 98 all Bgl1 g anadl S
exp = int(input("Enter exponent: "))
numPowerRecursion = powerFunRecursive(base,exp) SN sle xiu

G ) 9 98 LaS aaad) aadase ) = aaad) § 68 cuils 13
B AN aae <l e ddnd) G ey Al

. n . n n . n n .\.‘..d\ dQLA.A.A &A—\:\s h‘-lb
print( "Recursion: ", base, " raised to ", exp, " = i :

", numPowerRecursion)

Jalslly ) 3 6<1)
def powerFunRecursive(baseNum,expNum):
if(expNum==1):
return(baseNum)
else:
return(baseNum*powerFunRecursive(baseNum,expNum-1))
# main program
base = int(input("Enter number: "))
exp = int(input("Enter exponent: "))
numPowerRecursion = powerFunRecursive(base,exp)
print( "Recursion: ", base, " raised to ", exp, " = ",numPowerRecursion)

Viga: afy aslas olus @ L3S iyl o-Y

o

def powerFunlteration(baseNum,expNum): GaY Lgdle XY aal) Cie L Gluad dla pLad)
numPower =1 4k ple i) Ada Al
for i in range(exp): BRI (B dsnll o plal Ayl 5 ABa ) = 3581 g
numPower = numPower*base

return numPower
base = int(input("Enter number: ")) L £ 98 all Bgl1 g anad) Sl
exp = int(input("Enter exponent: "))
numPowerlteration = powerFunlteration(base,exp) SN sle xiu
print( "lteration: ", base, " raised to ", exp, " = ",numPowerlteration)

Jalslly ) 3 6<l)
def powerFunlteration(baseNum,expNum):
numPower =1

foriin range(exp):
numPower = numPower*base

return numPower
base = int(input("Enter number: "))
exp = int(input("Enter exponent: "))

numPowerlteration = powerFunlteration(base,exp)
print( "lteration: ", base, " raised to ", exp, " = ",numPowerlteration)

asl) Cie Liae dais delids
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) Y ) Y
graph = { Jabadal) d8e LA

"A":["B","C"],

"B":["D","E"],

"CU[UF,

"D" ],

"E" D,

"

} - - T
visitedBFS = [] GaY Lgile i glad¥) dpa ) oa Adla sl
def bfs(visited, graph, node):

visited.append(node)
queue.append(node)
while queue: Lok 9 ) galdall (e Baiad) Cidal 4y ) S5 ddla
n = queue.pop(0)
print (n,end="")
for neighbor in graph[n]:
if neighbor not in visited:
visited.append(neighbor)
gueue.append(neighbor)
bfs(visitedBFS, graph, "A") Aajlsd A il e ly hbial) e g Aok

BFS
Jalslly e ) 3 6<l)
graph = {
"A" L ["B","C"],
"B":["D","E"],
"Ch [,
"D": 11,
"E"
"Bl
}
visitedBFS = [] # List to keep track of visited nodes
queue = [] # Initialize a queue
# bfs function
def bfs(visited, graph, node):
visited.append(node)
gueue.append(node)
while queue:
n = queue.pop(0)
print (n,end="")
for neighbor in graph[n]:
if neighbor not in visited:
visited.append(neighbor)
gueue.append(neighbor)
# main program
bfs(visitedBFS, graph, "A")

Jstall LBl g o ghosall coca AU BaBal) Land
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Jabadal) d8e LA

graph = {
"A" . ["B","C"],
"B":["D","E"],
"Ci MR,
"D": I,
"E" ],
"F
} - - T
visitedDFS =[] 50y Y Lo Sy Bl a3 )58 A3 oL
def dfs(visited, graph, node): Slaladal) 5 L5 o8 (A Sl e A s
if node not in visited: (142 I (A B35

print(node, end="") i ) (uaSall Lgidlial g Cil gal) ) dBal) jand
visited.append(node) 4 1S Clple i) Al byl p B ) ety (uaSall
(
for neighbor in graph[node]: DFS 43 53 hhbiall sie Gy da05 gl
dfs(visited, graph, neighbor)
dfs(visitedDFS, graph, "A")

Jalslly e ) 3 6<1)
graph = {
"A" ["B", "C"],
"B": ["D", "E"],
"C [P,
"D": I,
"E": [,
"F ()
}
visitedDFS =[] # list to keep track of visited nodes
# dfs function
def dfs(visited, graph, node):
if node not in visited:
print(node, end="")
visited.append(node)
for neighbor in graph[node]:
dfs(visited, graph, neighbor)
dfs(visitedDFS, graph, "A")

Vo) sl pl8Y) | 8 Basy ) ¢ Ay gl rSlal) dana &y a5
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import json # a library used to save and load JSON files
# the file with the symptom mapping

symptom_mapping_file="'symptom_mapping_vl.json'
# open the mapping JSON file and load it into a dictionary
with open(symptom_mapping_file) as f:

mapping=json.load(f)

# print the JSON file
print(json.dumps(mapping, indent=2))

JSON 4siga ple din)

oY) Ll cile by Al yida
'symptom_mapping_vl

5 ougald JSi e JOSN 4 b (gl Cilal) et
sial ool

368 yal) Lalal) Adlesal) Ja) g Gaediy clibid) sl

def diagnose_v1(patient_symptoms:list):
diagnosis=[] # the list of possible diseases

if "vomiting" in patient_symptoms:
if "abdominal pain" in patient_symptoms:
if "diarrhea" in patient_symptoms:
# 1:vomiting, 2:abdominal pain, 3:diarrhea
diagnosis.append('food poisoning')
elif 'fever' in patient_symptoms:
# 1:vomiting, 2:abdominal pain, 3:fever
diagnosis.append('food poisoning')
diagnosis.append('appendicitis')
elif "lower back pain" in patient_symptoms and 'fever' in
patient_symptoms:
# 1:vomiting, 2:lower back pain, 3:fever
diagnosis.append('kidney stones')
elif "abdominal pain" in patient_symptoms and\
"diarrhea" in patient_symptoms and\
"fever" in patient_symptoms:\
# 1:abdominal pain, 2:diarrhea, 3:fever
diagnosis.append('food poisoning')
return diagnosis

s calaal) (2 2l 8 g (a pall Ciibal
ol oa Lglalaa 098 Aaild A o Ada iy 0
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Gl

Al 48 jaall Bac B aladiind
oal_e Y aan (pe B JBY) o G sall sl GAS 1))
(Jainae (aAIS (4 yal) Ciliday (2 pall Alaiaal)

# Patient 1

my_symptoms=['abdominal pain', 'fever', 'vomiting']
diagnosis=diagnose_v1(my_symptoms)

print('Most likely diagnosis:',diagnosis)

# Patient 2

my_symptoms=['vomiting', 'lower back pain’, 'fever' ]
diagnosis=diagnose_v1(my_symptoms)

print('Most likely diagnosis:',diagnosis)

# Patient 3

my_symptoms=['fever’, 'cough’, 'vomiting']
diagnosis=diagnose_v1(my_symptoms)

print('Most likely diagnosis:',diagnosis)

U &l e il jLsd)
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symptom_mapping_file="'symptom_mapping_v2.json

with open(symptom_mapping_file) as f:
mapping=json.load(f)

print(json.dumps(mapping, indent=2))

G lana) cile cilily (5800 i
'symptom_mapping_v2

5 ougald JSi e JOSN 4iia b (gl Cilal) et
sdal oali)

368 al) Lalal) Adlecal) Jd) g Gaediy clibid) sl

def diagnose_v2(patient_symptoms:list,
symptom_mapping_file:str,
matching_symptoms_lower_bound:int):
diagnosis=[]
with open(symptom_mapping_file) as f:
mapping=json.load(f)
disease_info=mapping['diseases']

for disease in disease_info:
counter=0
disease_symptoms=disease_info[disease]
for symptom in patient_symptoms:
if symptom in disease_symptoms:
counter+=1
if counter>=matching_symptoms_lower_bound:
diagnosis.append(disease)
return diagnosis
my_symptoms=["stuffy nose", "runny nose", "
throat"]
diagnosis=diagnose_v2(my_symptoms,'symptom_mapping_v2.json’
,3)
print('Most likely diagnosis:',diagnosis)

sneezing", "sore

my_symptoms=["stuffy nose", "runny nose",
throat"]
diagnosis=diagnose_v2(my_symptoms, 'symptom_mapping_v2.json'
,4)

print('Most likely diagnosis:',diagnosis)

sneezing", "sore

my_symptoms=['fever’, 'cough’, 'vomiting']
diagnosis=diagnose_v2(my_symptoms, 'symptom_mapping_v2.json'
,3)

print('Most likely diagnosis:',diagnosis)

: calaal) (2 2l 8 g (sl Ciabal
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# Patient 1

my_symptoms=["stuffy nose", "runny nose", "
throat"]
diagnosis=diagnose_v2(my_symptoms,'symptom_mapping_v2.json’
,3)

print('Most likely diagnosis:',diagnosis)

# Patient 2

sneezing", "sore

L"}J Al GaAl g gl e EOG oal L) Jay
Ad g pall (ol oY) padis Jlo (a e JS A By
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my_symptoms=["stuffy nose",
throat"]
diagnosis=diagnose_v2(my_symptoms, 'symptom_mapping_v2.json'
,4)

print('Most likely diagnosis:',diagnosis)

# Patient 3

my_symptoms=['fever’, 'cough’, 'vomiting']
diagnosis=diagnose_v2(my_symptoms, 'symptom_mapping_v2.json'
,3)

print('Most likely diagnosis:',diagnosis)

runny nose", "sneezing", "sore

WA 8 Ga ST i we | el pukdid)

A=Y

Jalslly (el 35l
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symptom_mapping_file="'symptom_mapping_v3.json'
# open the mapping JSON file and load it into a dictionary

with open(symptom_mapping_file) as f:
mapping=json.load(f)

# print the JSON file

print(json.dumps(mapping, indent=2))

Gl jlaay) cile ciliby ¢ AL jidia
'symptom_mapping_ v3

5 ougald JSi e JOSN 4 b (gl Cilal) et
sial ool

368 al) Lalal) Adlesal) Jd) g Gaediy clibid) Aslia

from collections import defaultdict
def diagnose_v3(patient_symptoms:list,
symptom_mapping_file:str,
very_common_weight:float=1,
less_common_weight:float=0.5
):
with open(symptom_mapping_file) as f:
mapping=json.load(f)
disease_info=mapping['diseases']
# holds a symptom-based score for each potential disease
disease_scores=defaultdict(int)
for disease in disease_info:
# get the very common symptoms of the disease
very_common_symptoms=disease_info[disease]['very
common']
# get the less common symptoms for this disease
less_common_symptoms=disease_info[disease]['less common']
for symptom in patient_symptoms:
if symptom in very_common_symptoms:
disease_scores[disease]+=very_common_weight
elif symptom in less_common_symptoms:
disease_scores[disease]+=less_common_weight
# find the max score all candidate diseases
max_score=max(disease_scores.values())
if max_score==0:
return []
else:
# get all diseases that have the max score
diagnosis=[disease for disease in disease_scores if
disease_scores
[disease]==max_score]
return diagnosis, max_score
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# Patient 1
my_symptoms=["headache", "tiredness
diagnosis=diagnose_v3(my_symptoms,
'symptom_mapping_v3.json')
print('Most likely diagnosis:',diagnosis)
# Patient 2
my_symptoms=["stuffy nose
throat"]
diagnosis=diagnose_v3(my_symptoms,
'symptom_mapping_v3.json')
print('Most likely diagnosis:',diagnosis)
# Patient 3
my_symptoms=["stuffy nose
throat"]
diagnosis=diagnose_v3(my_symptoms,
'symptom_mapping_v3.json', 1, 1)
print('Most likely diagnosis:',diagnosis)

non
’

cough"]

non
’

runny nose’,

non
’

sneezing", "sore

non
’

runny nose’,

non
’

sneezing", "sore
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import pandas as pd # import pandas to load and process spreadsheet-
type data

medical_dataset=pd.read_csv('medical_data.csv') # load a medical
dataset.

medical_dataset

A i) g calilaall Jalasd pandas A ple i
e B Ll A3 g oss £ (e il

oY agaal) g e Yoo dile Jadi il )
(il ol addl Jiay

set(medical_dataset['diagnosis'])

Rl (e S B ) 1) 5 LA e 4l
¢ ) puad s A

from sklearn.tree import DecisionTreeClassifier

def diagnose v4(train_dataset:pd.DataFrame):

# create a DecisionTreeClassifier
model=DecisionTreeClassifier(random_state=1)

# drop the diagnosis column to get only the symptoms
train_patient symptoms=train_dataset.drop(columns=['diagnosis'])

# get the diagnosis column, to be used as the classification target
train_diagnoses=train_dataset['diagnosis']

# build a decision tree

model.fit(train_patient symptoms, train_diagnoses)
# return the trained model

return model

skleearn 4iSa e Adma Gl ) sd aladiul
Liadad 9 A5y plady Laldl)

gisalll o cu il ATY) Ligs
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from sklearn.model_selection import train_test_split

# use the function to split the data, get 30% for testing and 70% for
training.

train_data, test_data = train_test_split(medical_dataset, test_size=0.3,
random_state=1)
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#print the shapes (rows x columns) of the two datasets 3 sl 23 Jg¥) aganll O Eua il Aok
print(train_data.shape)
print(test_data.shape)

from sklearn.tree import plot_tree VAN Bl Al Jiatl)

(bl bassf a3e Jiay ALY

import matplotlib.pyplot as plt

my_tree=diagnose_v4(train_data) # train a model
print(my_tree.classes_) # print the possible target labels (diagnoses)

plt.figure(figsize=(12,6)) # size of the visualization, in inches
# plot the tree
plot_tree(my_tree,
max_depth=2,
fontsize=10,
feature_names=medical_dataset.columns][:-1]
)
# functions used to evaluate a classifier DG cilles a3 gadll 4B A
from sklearn.metrics import accuracy_score,confusion_matrix
# drop the diagnosis column to get only the symptoms
test_patient_symptoms=test_data.drop(columns=['diagnosis'])
# get the diagnosis column, to be used as the classification target
test_diagnoses=test_data['diagnosis']
# guess the most likely diagnoses
pred=my_tree.predict(test_patient_symptoms)
# print the achieved accuracy score
accuracy_score(test_diagnoses,pred)
confusion_matrix(test_diagnoses,pred) (Al ALY () i 3 gaill ABal) 48 giuaa 39‘-*
Cidla
cad i) Jial 48 ghiaall éﬂ\kﬁ\‘,\: il
‘ &b giall poaall
plad) Jiai 48 ghiaall o jhail) bdl) z JA to Al g
zagadl

O Al Arg 13 9 AV, Ay 7 gall) A8 Cidias
Ve AN 5 el cuadd LEA Al e

13

Vol slba) elSi) ) 8a Bany V€ g i Sl dase by 45 BAELY)




Vedat¥RY dalie sLEST ;o q-Y

>l Y el Y

import numpy as np Aad ) Uil A0a plo diu

small_maze=np.zeros((3,3)) vy dalia oL

blocks=[(1, 1), (2, 1), (2, 2)] 33l i) et

for block in blocks: (A a8y o 8 0Say 9) V@ (Biladl B il
small_maze[block]=1

small_maze SEM i e daddll ) Cua Aaliall ClLdlaa) (e

Gl duia o) bad Y ;\.4,.&!
Jalslly (el 35S

import numpy as np
# create a numeric 3 x 3 matrix full of zeros.
small_maze=np.zeros((3,3))
# coordinates of the cells occupied by blocks
blocks=[(1, 1), (2, 1), (2, 2)]
for block in blocks:
# set the value of block-occupied cells to be equal to 1
small_maze[block]=1
small_maze

WegatBdize g byaaS dalie LSl @ Ve

>l Y el Y

Gl gy Aalia gl
import random

L3RS g baee Yl g Cighuall (e dte oL Aalia gL
random_maze=np.zeros((10,10)) Whdd g 8 ) G2 gl s

e b
# coordinates of 30 random cells occupied by blocks Gl gad) S8 Al Al e LAY (e s (sl A
blocks=[(random.randint(0,9),random.randint(0,9)) for i in
range(30)]
for block in blocks:

random_maze[block]=1

import matplotlib.pyplot as plt # library used for visualization 4 L8 cladi 9 O sy Aalial) Jia
def plot_maze(maze):

ax = plt.gca() # create a new figure

ax.invert_yaxis() # invert the y-axis to match the matrix

ax.axis('off') # hide the axis labels

ax.set_aspect('equal') # make sure the cells are rectangular

plt.pcolormesh(maze, edgecolors="'black’,
linewidth=2,cmap="'Accent')

plt.show()
plot_maze(random_maze)

Jalslly (el 35S0

import random
random_maze=np.zeros((10,10))
# coordinates of 30 random cells occupied by blocks
blocks=[(random.randint(0,9),random.randint(0,9)) for i in range(30)]
for block in blocks:

Vo) Sl sl jjha Bagy V¢ Lgillll  Sal) deae 3y 0 1 BAELY)




random_maze[block]=1
random_maze[block]=1
import matplotlib.pyplot as plt # library used for visualization
def plot_maze(maze):
ax = plt.gca() # create a new figure
ax.invert_yaxis() # invert the y-axis to match the matrix
ax.axis('off') # hide the axis labels
ax.set_aspect('equal') # make sure the cells are rectangular
plt.pcolormesh(maze, edgecolors="'black’, linewidth=2,cmap="'Accent')
plt.show()
plot_maze(random_maze)

1Y 0t Bodmse dudad Bhyglaadl LiyLadl Lodad! Lodxd o V)Y

> Y > Y s

def get_accessible_neighbors(maze:np.ndarray, cell:tuple): A8 U LA JS e 5 giat Aaild plo S A3 oL
# list of accessible neighbors, initialized to empty Ala ) (A B A5 gl
neighbors=[]
x,y=cell
# for each adjacent cell position
fori,jin [(x-1,y-1),(x-1,y),(x-1,y+1),(x,y-1),(x,y+1),(x+1,y-1),(x+1,y),
(x+1,y+1)]:
# if the adjacent cell is within the bounds of the grid and is not
occupied by a block
if i>=0 and j>=0 and i<len(maze) and j<len(maze[0]) and
maze((i,j)]==0:
neighbors.append(((i,j),1))
return neighbors

get_accessible_neighbors(small_maze, (0,0)) Lo AIAT 48 LAY 3 ) glaall LBAN) gl jLssl

Jalslly (el 35S0

def get_accessible_neighbors(maze:np.ndarray, cell:tuple):
# list of accessible neighbors, initialized to empty
neighbors=[]
x,y=cell
# for each adjacent cell position
fori,jin [(x-1,y-1),(x-1,y),(x-1,y+1),(x,y-1),(x,y+1),(x+1,y-1),(x+1,y), (x+1,y+1)]:

# if the adjacent cell is within the bounds of the grid and is not occupied by a block
if i>=0 and j>=0 and i<len(maze) and j<len(maze[0]) and maze][(i,j)]==0:

neighbors.append(((i,j),1))
return neighbors

get_accessible neighbors(small maze, (0,0))
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def reconstruct_shortest_path(parent:dict, start_cell:tuple, target_cell:tuple):
shortest_path =]
my_parent=target_cell # start with the target_cell
# keep going from parent to parent until the search cell has been reached
while my_parent!=start_cell:
shortest_path.append(my_parent) # append the parent
my_parent=parent[my_parent] # get the parent of the current parent
shortest_path.append(start_cell) # append the start cell to complete the path
shortest_path.reverse() # reverse the shortest path
return shortest_path

get_accessible neighbors()s reconstruct_shortest path csilall 3xcluay  bfs_maze solver 412 L%

from typing import Callable # used to call a function as an argument of another function
def bfs_maze_solver(start_cell:tuple,
target_cell:tuple,
maze:np.ndarray,
get_neighbors: Callable,
verbose:bool=False): # by default, suppresses descriptive output text
cell_visits=0 # keeps track of the number of cells that were visited during the search
visited = set() # keeps track of the cells that have already been visited
to_expand =[] # keeps track of the cells that have to be expanded
# add the start cell to the two lists
visited.add(start_cell)
to_expand.append(start_cell)
# remembers the shortest distance from the start cell to each other cell
shortest_distance = {}
# the shortest distance from the start cell to itself, zero
shortest_distance[start_cell] =0
# remembers the direct parent of each cell on the shortest path from the start_cell to the cell
parent = {}
#the parent of the start cell is itself
parent[start_cell] = start_cell
while len(to_expand)>0:
next_cell = to_expand.pop(0) # get the next cell and remove it from the expansion list
if verbose:
print("\nExpanding cell', next_cell)
# for each neighbor of this cell
for neighbor,cost in get_neighbors(maze, next_cell):
if verbose:
print("\tVisiting neighbor cell',neighbor)
cell_visits+=1
if neighbor not in visited: # if this is the first time this neighbor is visited
visited.add(neighbor)
to_expand.append(neighbor)
parent[neighbor]= next_cell
shortest_distance[neighbor]=shortest_distance[next_cell]+cost
# target reached
if neighbor==target_cell:

13
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# get the shortest path to the target cell, reconstructed in reverse.
shortest_path = reconstruct_shortest_path(parent, start_cell, target_cell)

return shortest_path, shortest_distance[target_cell],cell visits
else: # this neighbor has been visited before
# if the current shortest distance to the neighbor is longer than the shortest
# distance to next_cell plus the cost of transitioning from next_cell to this neighbor
if shortest_distance[neighbor]>shortest_distance[next_cell]+cost:

parent[neighbor]=next_cell
shortest_distance[neighbor]=shortest_distance[next_cell]+cost
# search complete but the target was never reached, no path exists
return None,None,None

Y*Y datie JJbfs_maze_solver 41> plusciwl

start_cell=(2,0) # start cell, marked by a star in the 3x3 maze

target_cell=(1,2) # target cell, marked by an "X" in the 3x3 maze

solution, distance, cell_visits=bfs_maze_solver(start_cell,
target_cell,
small_maze,
get_accessible_neighbors,
verbose=True)

print("\nShortest Path:', solution)

print('Cells on the Shortest Path:', len(solution))

print('Shortest Path Distance:', distance)

print('Number of cell visits:', cell_visits)
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Weoa MWV oa: Jady !l dugdgly doeadl due)yl g3 pl dmdwls VY=Y

Jalslly (e ) 2 5S1) | ) Y 7

b (heuristic) yadig diuse ddlue J| 3wl dxisyed| LAl o degoxo (o diiyo duls Jundl gz
IS Cayas
LS (B dondoyo duds (§Y U3 Aad 5)) (Solud 4l dasd pyig o)l dipd e cnlsde 35 constant_heuristi
gl sl of dowisyall Al e Jadl an
SYelzo WS x5 get best candidate
Aocdiypell WISI Lo ($giod de gaxo expansion_candidates: e
Led] OBl a3l sl Jasyy (wgeld shortest_distance: e
(3 o s 098Ul (§ puseind Y gSJg comials o (heuristic) sdad) Glus) pasiwd Dlsheuristic:
V ($9lud diyls ads dad 51y puseinnd
LI gl pluzeinls Joa8Yl dous 9 de gazmall (§ ddiyoll LIS axal for dal> puscud 9
:(def constant_heuristic(candidate_cell:tuple, target_cell:tuple
return 1
#
,def get_best_candidate(expansion_candidates:set
,shortest_distance:dict
docdyyally Aol ddsd) o A8l U@ e dx3U do,d # :(heuristic:Callable

835l euall dlsluo O35 mice # winner = None

best_estimate= sys.maxsize
:for candidate in expansion_candidates
doedoyodl LI (3 Lgoluiolg AdY o] N1 Gadas #
(candidate_estimate=shortest_aistance[candidate]+heuristic(candidate,target_cell

;if candidate_estimate < best_estimate
winner = candidate

best_estimate=candidate_estimate

return winner

duojyles plazxiwl dalicdl dSuive J=u pgy Gludl 39Sl A* sliad] d>g) o woagdl ddsg ladl dds w Sixl))
import sys

def astar_maze_solver(start_cell:tuple,
target_cell:tuple,
maze:np.ndarray,

get _neighbors: Callable,
heuristic:Callable,
verbose:bool=False):

cell_visits=0

shortest_distance = {}
shortest_distance[start_cell] =0

Vol olbal) lSdl) | 8a By V€ gl SIal) daaa yy a0



parent = {}
parent[start_cell] = start_cell

expansion_candidates = set([start_cell])
fully_expanded = set()

# while there are still cells to be expanded
while len(expansion_candidates) > 0:

best_cell = get_best_candidate(expansion_candidates,shortest_distance,heuristic)
if best_cell == None: break

if verbose: print("\nExpanding cell', best_cell)

# if the target cell has been reached, reconstruct the shortest path and exit
if best_cell == target_cell:

shortest_path=reconstruct_shortest_path(parent,start_cell,target_cell)
return shortest_path, shortest_distance[target_cell],cell_visits
for neighbor,cost in get_neighbors(maze, best_cell):
if verbose: print('\nVisiting neighbor cell', neighbor)
cell_visits+=1

# first time this neighbor is reached
if neighbor not in expansion_candidates and neighbor not in fully_expanded:

expansion_candidates.add(neighbor)

parent[neighbor] = best_cell # mark the best_cell as this neighbor's parent

# update the shortest distance for this neighbor

shortest_distance[neighbor] = shortest_distance[best_cell] + cost

# this neighbor has been visited before, but a better (shorter) path to it has just been found
elif shortest_distance[neighbor] > shortest_distance[best_cell] + cost:

shortest_distance[neighbor] = shortest_distance[best_cell] + cost

parent[neighbor] = best_cell

if neighbor in fully_expanded:
fully_expanded.remove(neighbor)

expansion_candidates.add(neighbor)

# all neighbors of best_cell have been inspected at this point
expansion_candidates.remove(best_cell)

fully_expanded.add(best_cell)

return None, None, None # no solution was found
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daliell d>g) 0(1,2) doagiumall ddzdlg(2,0) @ladl ddzdl o dalicdl dSuite = A* duojylgs olazxiwl
193l Juaii asysmall_maze.

Al Ol yxall dclib piuw

LAzl dails lis yolaiw A> e jgisl ai 13] .46 xgiumall dulzllg dladl ddzdl ju o6Vl LuallShortest Path:
oV ) lual JSui il

a6agiwall dlzlg @ladl Azl o jasVl ) luall (e LM 3acCells on the Shortest Path:

a6agiuall ddzllg Gladl ddzl o jasVl ) luall (e @6 lualIShortest Path Distance:

sl ddee JAS LU Ced il SlHL I dacNumber of cell visits:

start_cell=(2,0) # start cell, marked by a star in the 3x3 maze

target_cell=(1,2) # target cell, marked by an "X" in the 3x3 maze

solution, distance, cell_visits=bfs_maze_solver(start_cell,
target_cell,
small_maze,
get_accessible_neighbors,
verbose=True)

print("\nShortest Path:', solution)

print('Cells on the Shortest Path:', len(solution))

print('Shortest Path Distance:', distance)

print('Number of cell visits:', cell_visits)
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# install the pandas library, if it is missing.
Ipip install pandas
import pandas as pd

QY g oyl Glly degomo Jaoml

imdb_train_reviews=pd.read_csv('imdb_train.csv')
imdb_test_reviews=pd.read_csv('imdb_test.csv')
imdb_train_reviews

9 Gopill jaill 3gas oo parll Zhdiul ) HWiSY g Cuydidl el § Udiune ilpiie J) @addll 9 paidl Bkes sl
(L}Lz‘ﬂ “j té‘l“’ &.1:;35» Jo syl g %).J.‘w S98E (40 IS dond! 948 (40 Olbowndd! Cb:'ﬁwtgﬂ..d:’-)"
y Adigiunell @adll 9 x §ail) dsdall bl O Ep

# extract the text from the 'text' column for both training and testing.
X_train_text=imdb_train_reviews['text']

X_test_text=imdb_test reviews['text']

# extract the labels from the 'label' column for both training and testing.
Y _train=imdb_train_reviews['label']

Y test=imdb_test reviews|['label']

X_train_text # training data in text forma

(ol Ok ) ©bludl agaxd
Silgmin J) Sl Jgoed Ol dise 3 8,8 g%adl CountVectorizer Bl pldseiuwl
ol gl B 30 Lgoad Biir Byl J) Asaid] UL Jigond

from sklearn.feature_extraction.text import CountVectorizer

# the min_df parameter is used to ignore terms that appear in less than 10 reviews.
vectorizer_v1 = CountVectorizer(min_df=10)

vectorizer_v1.fit(X_train_text) # fit the vectorizer on the training data.

# use the fitted vectorizer to vectorize the data.

X_train_v1 = vectorizer_v1.transform(X_train_text)

X_train_v1l

ddgduno JI disludl N.ﬁ.ll Jrg=5
) geb Silye dde mup gy 9 dg0e 3 4ol S a9l Dense  adS! Gauid] pluSeiuwl

X_train_v1_dense=pd.DataFrame(X_train_vl.toarray(),
columns=vectorizer_vl.get_feature_names_out())
X_train_v1 _dense

ol Ol L; 0] 4] O S é’dl getsizeof () 4! plisiwl
( Bislonadl ddgammall ) dgos S8 3.3_,3..,0 Al Sl BLYL cld g 8,511 dluwe 9 gl

from sys import getsizeof

print("\nMegaBytes of RAM memory used by the raw text format:',
getsizeof(X_train_text)/1000000)

print("\nMegaBytes of RAM memory used by the dense matrix format:',
getsizeof(X_train_v1_dense)/1000000)

print("\nMegaBytes of RAM memory used by the sparse format:',
getsizeof(X_train_v1)/1000000)

8,SIUI eoe> d gl A2ESUI ddgasanll B>

# delete the dense matrix.
del X_train_v1 _dense
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from sklearn.naive_bayes import MultinomialNB

model_v1=MultinomialNB() # a Naive Bayes Classifier

model_v1.fit(X_train_v1, Y_train) # fit the classifier on the vectorized training data.

from sklearn.pipeline import make_pipeline

# create a prediction pipeline: first vectorize using vectorizer_v1, then use model_v1 to predict.
prediction_pipeline_v1 = make_pipeline(vectorizer_v1, model_v1)

Srap gade ylas

prediction_pipeline_v1.predict(['One of the best movies of the year. Excellent cast and very interesting plot.',
'| was very disappointed with his film. | lost all interest after 30 minutes' ])

oo S el dudid! 9 Aol Aol CoulYl Jas- 546

prediction_pipeline_vl.predict_proba(['One of the best movies of the year. Excellent cast and very interesting
plot.’,
'| was very disappointed with his film. | lost all interest after 30 minutes' ])

IMDb )i Sbls ds gaxe (§ Olowndd| Carual (§ dodadl bl das dds Lo

predictions_v1 = prediction_pipeline_vl.predict(X_test_text) # vectorize the text data, then predict.
predictions_v1

(_;,.'GJI&?).\J@@o%ﬁ)ﬁ&l%ﬂmwgwl%ﬁib#@wxwgw

from sklearn.metrics import accuracy_score
accuracy_score(Y_test, predictions_v1) # get the achieved accuracy

scikit-Piot () 4o sledin

Ipip install scikit-plot;

B ddgisae Jukad

import scikitplot; # import the library

class_names=['neg','pos'] # pick intuitive names for the 0 and 1 labels.
# plot the confusion matrix.

scikitplot.metrics.plot_confusion_matrix(

[class_names]i] foriin Y_test],

[class_names][i] for i in predictions_v1],

title="Confusion Matrix", # title to use

cmap="Purples", # color palette to use

figsize=(5,5) # figure size

)
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Ipip install lime

501 883 9 oo (yo WSTWI 5 s Byl o Zdgaill Gaala
from lime.lime_text import LimeTextExplainer
# create a local explainer for explaining individual predictions
explainer_v1 = LimeTextExplainer(class_names=class_names)
# an example of an obviously negative review
easy_example='This movie was horrible. The actors were terrible and the plot was very boring.'
# use the prediction pipeline to get the prediction probabilities for this example
print(prediction_pipeline_vl.predict_proba([easy_example]))
oaibasell jolasl gl 8oL (Sey ) wddl @it Jasud! Jasdl jlussNl z3 g0 3 Jalas Jiol dols U dyo Hlgbs!
(4292l

# explain the prediction for this example.

exp = explainer_vl.explain_instance(easy_example.lower(),prediction_pipeline_v1.predict_proba,
num_features=10)

# print the words with the strongest influence on the prediction.

exp.as_list()

LI &bl ALl Slaryald 3 poll 003

# visualize the impact of the most influential words.
fig = exp.as_pyplot_figure()

uphao Bylue Jelowd loeall 390!l

exp.show_in_notebook()

IMDB L1 ds gazes cpo B3g5-le Buias Byleal duloeall 73 gadd! pluseisl

# an example of a positive review that is mis-classified as negative by prediction_pipeline_v1
mistake_example= X_test_text[4600]
mistake_example

Adslud! Byleal) woloeadl Zd gl eandl

# get the correct labels of this example.

print('Correct Label:', class_names[Y_test[4600]])

# get the prediction probabilities for this example

print('Prediction Probabilities for neg, pos:',prediction_pipeline_v1.predict_proba([mistake_example]))

ol )l 10e Jie §ul Z3 g0 ALK slyg ! i 9 punall pldseic
# explain the prediction for this example.

exp = explainer_vl.explain_instance(mistake_example, prediction_pipeline_vi.predict_proba,
num_features=10)

# visualize the explanation.
fig = exp.as_pyplot_figure()
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Ipip install nltk

393.'\1&3\ aﬁﬂ\ Glall) dallaa alga Lalll Gensim 4sSa Ayl

Ipip install gensim
dudacidl Ol pluseiwl Wgisellas 9 goguaid! § Coxdl Lol reduSe slediwl
import nltk # import nltk
nltk.download('punkt') # install nltk's tokenization tool, used to split a text into sentences.
import re # import re
from gensim.models.phrases import Phrases, ENGLISH_CONNECTOR_WORDS # import tools from the gensim
library

Nitk 4uSe) 4l sent_tokenize () 1o pluseiw
douuiall Jodl (po daSB (e Wiiwal! it
# convert a given doc to a list of tokenized sentences.
def tokenize_doc(doc:str):
return [re.findall(r'\b\w+\b', sent.lower()) for sent in nltk.sent_tokenize(doc)]

raw_text='The movie was too long. | fell asleep after the first 2 hours.'
tokenized_sentences=tokenize_doc(raw_text)
tokenized_sentences

Wipkie 2yl phrases () A1 Jldsiuw!

sentences=[] # list of all the tokenized sentences across all the docs in this dataset
for docin X_train_text: # for each doc in this dataset
sentences+=tokenize_doc(doc) # get the list of tokenized sentences in this doc
# build a phrase model on the given data
imdb_phrase_model = Phrases(sentences,
connector_words=ENGLISH_CONNECTOR_WORDS,
scoring='npmi’,
threshold=0.25).freeze()
B)kall e phrases () D11 Gudas

imdb_phrase_model[tokenized_sentences[0]]

8 )lall Aephrases () Il ek

imdb_phrase_model[tokenized_sentences[1]]

olazs didg § bkl s

def annotate_phrases(doc:str, phrase_model):
sentences=tokenize_doc(doc)# split the document into tokenized sentences.
tokens=[] # list of all the words and phrases found in the doc
for sentence in sentences: # for each sentence
# use the phrase model to get tokens and append them to the list.
tokens+=phrase_model[sentence]
return ' '.join(tokens) # join all the tokens together to create a new annotated document

Oblo degome oy JisYl 9 oyl Sl (e JS awisid annotate_phrases () 41! pluseiew

# annotate all the test and train reviews.
X_train_text_annotated=[annotate_phrases(doc,imdb_phrase_model) for doc in X_train_text]
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X_test_text_annotated=[annotate_phrases(text,imdb_phrase_model) for text in X_test_text]
# visualize the explanation.

IMDB 2390 iy oyl bl (po i) Jlio

# an example of an annotated document from the imdb training data
X_train_text_annotated[0]

Voy pa Ve et guadd S L e SY | doo ]l Gowa

Jalslly (e sl gl ) a7

gyl Sl ds gazxo pluseiwl TF-IDF (Term Frequency-Inverse Document Frequency) zdges ooyl

TE-IDF. el ] pogward! Jogaxtd deldsuiwlslMDb

from sklearn.feature_extraction.text import TfidfVectorizer
# Train a TF-IDF model with the IMDb training dataset
vectorizer_tf = TfidfVectorizer(min_df=10)
vectorizer_tf.fit(X_train_text_annotated)

X_train_tf = vectorizer_tf.transform(X_train_text_annotated)

«ll3 dayg MultinomialNB. £95 ¢ Naive Bayes 4oy duadl &Ll TF-IDF Jeadl pldseiwl dads z3ga5 oyl
B Dlusg L)Yl Sl degame e il gl Judis ok

# train a new Naive Bayes Classifier on the newly vectorized data.
model_tf =MultinomialNB()

model_tf.fit(X_train_tf, Y_train)

# create a new prediction pipeline.

prediction_pipeline_tf = make_pipeline(vectorizer_tf, model_tf)

# get predictions using the new pipeline.

predictions_tf = prediction_pipeline_tf.predict(X_test_text_annotated)
# print the achieved accuracy.

accuracy_score(Y_test, predictions_tf)

aduaill 0423_9& d.\.@Jl -@ludl C.)quJ 5%‘ Eadal U8 03S3 a8 ‘.__5.3.1‘ a:vlfulé-yl Ll E\.Gyo.au oo Jle ‘=|.\5=1u|
Jodexl! E.Syo}.ﬂ L ‘:@ ‘:;.J\Jl a3l JUd! g @a.,aﬂ

# get the review example that confused the previous algorithm
mistake_example_annotated=X_test_text annotated[4600]
print("\nReview:',mistake_example_annotated)

# get the correct labels of this example.

print("\nCorrect Label:', class_names[Y_test[4600]])

# get the prediction probabilities for this example.

print("\nPrediction Probabilities for neg,
pos:',prediction_pipeline_tf.predict_proba([mistake_example_annotated]))
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# create an explainer.

explainer_tf = LimeTextExplainer(class_names=class_names)

# explain the prediction of the second pipeline for this example.

exp = explainer_tf.explain_instance(mistake_example_annotated, prediction_pipeline_tf.predict_proba,
num_features=10)

# visualize the results.

fig = exp.as_pyplot_figure()
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