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myStack=[1,21,32,45]
print("Initial stack: ", myStack)

print(myStack.pop()) {V . rint( myStack.po Al Al
print(myStack.pop()) pRo! print(my por()) £

P
. . Ul ye das yicaad! @uall
print("The new stack after pop: ", myStack) kk myStack-Pop() &lls (e 2z o

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

Initial stack: [1, 21, 32, 45]

45

32

The new stack after pop: [1, 21]

The new stack after push: [1, 21, 78]

myStack=[1,21,32,45]
print("Initial stack:", myStack)

aqlen[(myStack) ( - ‘ i s
print(nsize of StaCk",a) kuu.&&n.”d}laua)dlenﬂ‘_xﬂ “.\.L‘JLLuu
# empty the stack

for i in range(a):
myStack.pop() i - .

print(myStack) l‘quJQJ‘gwﬂﬁahﬂ‘ds

myStack.pop()

(‘_:».;\,Jﬁiyunﬁm"" .

Initial stack: [1, 21, 32, 45]

size of stack 4

[]

IndexError Traceback (most recent call last)

Input In [3], in <cell line O)
7 myStack.pop() oSl oY Uniel gty
8 print(myStack)

----> 9 myStack.pop()

IndexError: pop from empty list

IndexError . ,gall Uas
St ik 210 cauig g Lall eSH pn i B pal g Lot Llas sogls dan Sic
e ynie (3l ajjl_eud__.éwls.’uzsfﬂuc 3939 (pe Bazmill Lags clile . (Stack Underflow)
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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)
I (e ")

print("Choose 1 for push")
print("Choose 2 for pop")
print("Choose 3 for end")
print("-------mm - ")
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: "))
push(newStack,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;



The stack so far is: []

Choose 1 for push
Choose 2 for pop
Choose 3 for end

Enter your choice: 1

Enter element for push: 26

The stack so far is: [26]

Choose 1 for push
Choose 2 for pop
Choose 3 for end

Enter your choice: 1
Enter element for push: 18

The stack so far is: [26, 18]

Choose 1 for push
Choose 2 for pop
Choose 3 for end

Enter your choice: 1
Enter element for push: 23

The stack so far is: [26, 18, 23]

Choose 1 for push
Choose 2 for pop
Choose 3 for end

Enter your choice: 2
The pop element is: 23

The stack so far is: [26, 18]

Choose 1 for push
Choose 2 for pop
Choose 3 for end

Enter your choice: 2
The pop element is: 18
The stack so far is: [26]

Choose 1 for push
Choose 2 for pop
Choose 3 for end

Enter your choice: 3
End of program
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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)

Initial queue: [1, 21, 32, 45]
The new queue after pop: [32, 45]
The new queue after push: [32, 45, 78]

P

uobiall cye sgallall 'Q;EL-,T ¥l e (510 sl (o pumie (s Jlond Lootie Gy 13 Lo aalis I

myQueue=[1,21,32,45]

print("Initial queue: ", myQueue)
a=len(myQueue)
print("size of queue ",a)

# empty the queue

for i in range(a):
myQueue.pop(0)

print(myQueue)

myQueue.pop(0)

Initial queue: [1, 21, 32, 45]
size of queue 4

IndexError Traceback (most recent call last)
Input In [6], in O

7 myQueue.pop()

8 print(myQueue)
----> 9 myQueue.pop()

IndexError: pop from empty list

2 yislic 393 g (pe Logs 3asis O dlde cdol b Uastl ygls
AR paie Bl Wolme S Hgallall &)b)y\lauﬁ);a_md_p.




Queue Applications jgilal! e Slacdal

ol 3l 30 s ol Jann s JEL S e uwbyuaﬁwutﬁu;.s_wmmumuhmm aal
dlaal‘o.,\.clﬁdﬁj Lg,oJLa_L ‘)}JUa =P WA ‘AL&AM ol sl deldbo® il e o lande suslydally (nliaia
b@d}uyﬂ 4.1_“.)1|4_¢41| uUdlujlmmJ|6M|H)J|wfdbMeL¢| q_buldl (FIFO) y,t g Vgl
el g¥1 an cye ngllall s Lanie . Lglid 3! plell U felide (13 ol m@awtc@w Lauas Ales 1 Zagl! Jud
Lgmdlad g3 palgl lia cilS o) Lo A yal Helall 2 e s Cogu

Adaeid! yoallalt St g Aluiniuly g liall g untSEH

Stack and Queue Using Queue Module
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.queueName dewl Iuus el 545 | queueName=queue.Queue( )

Dslall X jaiall Capis queueName.put(x)

gelall @ Aaidy 3ga3 queueName.qgsize()

oS (ya n W pnially yeallall cya JoNI sumiall CBimdy yoo el queueName.get()

(Las) False de@g Uilian joullall (IS (o) True deyis 3ga3 queueName.full()
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from queue import = N .)ymgu‘;sito.ngs&»”,.mm.;&nqm@em

myQueue = Queue()

# add the elements in the queue s ong = 1 I3 . =
myQueue.put("a") ol LAY daall) s5pllall Bty p2mtt
myQueue.put("b") relide JELN 0 2
myQueue.put("c")

myQueue.put("d") plaziwy (Queue) Hgollall 2 iSs Jl)_u_u‘ ]
myQueue.put("e") geliatl d_).‘a

# print the elements of the queue .(&;)5,'\.!4) myQueue @b §ls Hells oLa5| o

for element in list(myQueue.queue):

print(element) J}_’Uﬁ.“ U‘”; e ld «C Lb ‘a)_mLLaﬂ aJLtb‘; o

-(opll) myQueue
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from queue import =
myQueue = Queue()

# the user enters the elements of the queue for i in range(5):
for i in range(5):
element=input("enter queue element: ")
myQueue.put(element)

# print the elements of the queue
for element in list(myQueue.queue):
print(element)

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

enter queue element: 5
enter queue element: f
enter queue element: 12
enter queue element: b
enter queue element: 23

12

23
Queue size is: 5

Lities o LE Lo y5llall (1S 13] Las st Lrali o Sl

from queue import =
myQueue = Queue()

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

checkFull=myQueue.full()
print("Is the queue full? ", checkFull)
checkEmpty= myQueue.empty()
print("Is the queue empty?

, checkEmpty)

Is the queue full? False
Is the queue empty? False
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from queue import =

50y Jead Luastl B Cililaatt 0,805

myStack = LifoQueue() (LIFO) ¥ i 7y 1337 calual 5se Lt

myStack.put("a"

a")
myStack.put("b") . e
myStaCk.put("C") u}e\.’a}‘eogetdh?!l.m
d")
e")

myStack.put("d" M aeldalig sle wiw ¥ Oldes Wi
myStack.put("e"

((FIFO) ¥ 5i ¢35 ¥ gi Calial  3uc 1

for i in range(5):
k=myStack.get()
print(k)

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

s the stack empty? True
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# import the queue library
from queue import =
# import the time library to use the sleep function
import time
# initialize the variables and the queue
printDocument = " "
printQueueSize = 0
printQueueMaxSize = 7
printQueue = Queue(printQueueMaxSize)
# add a document to print the queue
def addDocument(document):
printQueueSize = printQueue.qgsize()
if printQueueSize == printQueueMaxSize:
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) # waitone second
print ("OK - ", printDocument,
printQueueSizeMessage()
# print a message with the size of the queue
def printQueueSizeMessage():
printQueueSize = printQueue.qsize()
if printQueueSize ==
print ("There are no documents waiting for printing.")

is printed.")

elif printQueueSize == 1:

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

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

# the main program

# send documents to the print queue for printing
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()

Document A sent to print queue.
There is 1 document waiting for printing.

Document B sent to print queue.
There are 2 documents waiting for printing.

Document C sent to print queue.
There are 3 documents waiting for printing.



Document D sent to print queue.
There are 4 documents waiting for printing.

Document E sent to print queue.
There are 5 documents waiting for printing.

Document F sent to print queue.
There are 6 documents waiting for printing.

Document G sent to print queue.
There are 7 documents waiting for printing.

OK - Document A is printed.
There are 6 documents waiting for printing.

Document H sent to print queue.
There are 7 documents waiting for printing.

OK - Document B is printed.
There are 6 documents waiting for printing.

Document I sent to print queue.
There are 7 documents waiting for printing.

OK - Document C is printed.
There are 6 documents waiting for printing.

Document J sent to print queue.
There are 7 documents waiting for printing.

Il Document K was not sent to print queue.
The print queue is full.

OK - Document D is printed.
There are 6 documents waiting for printing.

OK - Document E is printed.
There are 5 documents waiting for printing.

OK - Document F is printed.
There are 4 documents waiting for printing.

OK - Document G is printed.
There are 3 documents waiting for printing.

OK - Document H is printed.
There are 2 documents waiting for printing.

OK - Document I is printed.
There is 1 document waiting for printing.

OK - Document J is printed.
There are no documents waiting for printing.

Il The print queue is empty.
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# single node
class Node:

Linked List in Python (5o0Ld ! A&l 2_ dlayl J81 dedLat
Ll g5 s Ll bl a3t @513l Uas s5ome bl po 0l 230 5355 Y
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def __init__(self, data, next=None):

self.data
self.next

# Create a single node

first = Node("Monday")

print(first.data)

Monday

data #node data
next # Pointer to the next node

RS I B PPWEC TR SN (PRVY ‘z.u.\js.\:,iuh‘:;,cw.: Ay 5o A5 L] o AL 3 glasl

# single node
class Node:

Il 3ol

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
Linkedlistl = LinkedList()

Linkedlist1.head

Node( "Monday")

print(Linkedlistl.head.data)

Monday
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# single node
class Node:

gyt 25U 1 azal e g 3 O Cas]

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 =

# print the linked list
node = linked_list.head
while node:

Node("Wednesday")

( 3ade cye Jazl while 5,Le ﬁ;ﬁﬁ

print (node.data)
node = node.next

Monday
Tuesday
Wednesday

a0 B

node.next

0> 37 [|0->{] oo t

node.next node.next.next

199 540l 37 suiall da,yl .2
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# 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

12
37
99

Delete a Node from a Linked List dkasf \51 doiLat e 3ugal) Gl

Aghell 30l LB Sl 3udall sdde ) Lgaia 311 3kl e Ll Sudall jdhe yudd clile (Sade Cais
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# single node \ \ \
class Node: 12 - 37 - 99 |e
def __init__(self, data = None, next=None):
node|

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
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

12
99
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myTree = {
llall: [llbll' “C"]' #node
llbll: [lldll' llell]'

"c": [None, "f"],
"d": [None, Nonel],
"e": [None, None],
"f": [None, Nonel],

}

print(myTree)

{'a":
: [None, Nonel,

e :

(Linear) (Non-linear)

—

Gree) (oraph)

_‘
(Stack) (Queue)( Linked List )

bl Sl s 25 :1.39 <

[lbl' ICI]' lbI: [Idl, Iel]' lcl:
[None, Nonel,

055l AR 25yl Sy S
Tree Data Structure in Python
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[None, 'f'],
"f': [None, Nonel}

1,39 (KA 2 Aomingll Al Jio 3 yomds Gl I U1 2.

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)

Data structures has 2 nodes
Linear
Non-linear
Linear has 3 nodes
Stack
Queue
Linked List
Non-linear has 2 nodes
Tree
Graph
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myGraph = { "a" : ["b","c"],

"bror [Mct, "d"],
"c" ¢ ["d", "e"I,
"ar : [,
et g L,
}

print(myGraph)

{'as ['b', "c'], b [, 'd'], c'r [, te'],
0], te's [0}
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# 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 = []

# 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 = {" wog ["b" " "],
"b" : ["c", "d"],
e g ["d“, "e"],
"d" e [,
"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))

The graph contents

[Cta', 'b"), (a', 'c"), ('b", 'c"), ('b
The new graph after adding new edges
[((a', 'b"), ('a', 'c'), (ta', 'e'), ('b
(‘c'y te'), (et 'fY)]
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def mySumGrade (gradesList):
sumGrade=0
1=len(gradeslList)
for i in range(l):

(ol Al et Al Jlie e 3,13 I

sumGrade=sumGrade+gradesList[i]

return sumGrade

def avgFunc (gradeslList):
s=mySumGrade(gradesList)
1=len(gradesList)
avg=s/1
return avg

# program section
grades=[89,88,98,95]
averageGrade=avgFunc(grades)

AUl elenn!
.mySumGrade

240513 len() s pusiud
oo g Ol ‘d"-‘-‘:’ J-ﬁLI-OS

Al 2 olallsae

print ("The average grade is: ",averageGrade)

The average grade is: 92.5

o) el 1

recurseFunction()

).9;3'1

G Sl sle it Jies 2.2 S

Recursive Function 20, <01 ¢ le w1 AT
ot Lm0y Lg i AN U1 et VLl G 2
.(Recursive Calls) st Slsle iw !

sl e A8 ele a1 A0 aladl Al oLy S,
1S

# recursive function
def recurseFunction():
if (condition): # base case
statement
else:
#recursive call
recurseFunction()

# main program

# normal function call
recurseFunction()
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0!=1 | 0!
11=0!*1 11=1*1=1 | 1!
21=11*2 I 21=2%1=2 | 2!
Fi 31=3*2%1=6 | 3!
4 41=4%3%2*1=24 | 4!
EIREN 1| 5!=5%4*3%2*%1=120 | 5!

1 .fn=0
(n-1)!'*n  ifn>0

u_lj).-'al\ \Tthn} sucls:2.3 Jsa

ok Lo gl For ) ,Sall Aals aluzialy saall G pine Gl by agis mali s cLasy

# calculate the factorial of an integer using iteration

def factoriallLoop(n):
result = 1
for i in range(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)

Type a number: 3
The factorial of 3 is:6



GG
G
—

S sle 5,8 12,4 IS4

193 late 18 il pln ¥l e 2 o
Al e le wi I

558101 (e 10 e 31 sl i)l o
dgll g

Led 58Sy il VLol uguss Jgew Yo
3l sleot¥ s alaiul

else:

# main program

int(input("Type a number: "))
f=factorial(num)

print("The factorial of ", num, " is:

num =

.g._)_gj.a'al‘ Ul ‘a‘.):,r_"ub ol Qg punn c,u:‘o‘ u:ﬂ

# calculate the factorial of an integer using a
# recursive function
def factorial(x

o7 R =

E
= e
return 1

.Zx:.)l)s:dl

return (x * factorial(x-1))

)

Type a number: 3
The factorial of 3 is: 6
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def findMaxRecursion(A,n):

if n==1:

m = A[n-1]
else:

m = max(A[n-1], findMaxRecursion(A,n-1))
return m

def findMaxIteration(A,n):

m = A[0]

for i in range(lzn): Bl 13 paiad| MAX() A1 g piiasd
m = max(m,A[i]) -

return m

(myList 2, SY1 i@l g3 yuaiall) ,SY

# main program

myList = [3,73,-5,42]

1 = len(myList)

myMaxRecursion = findMaxRecursion(myList,1)
print("Max with recursion is: ", myMaxRecursion)
myMaxIteration = findMaxIteration(mylList,1)
print("Max with iteration is: ", myMaxIteration)

Max with recursion is: 73
Max with iteration is: 73

< max(A[3], findMaxRecursion(A, 3)) >

< ( max(A[2], findMaxRecursion(A, 2)) )
\\
@ << max(A[1], findMaxRecursion(A, 1)) )

@0
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def powerFunRecursive(baseNum,expNum):
if(expNum==1):
return(baseNum)
else:
return(baseNum+powerFunRecursive(baseNum, expNum-1))

def powerFunIteration(baseNum,expNum):

numPower = 1

for i in range(exp):
numPower = numPowerxbase

return numPower

# main program

base = int(input("Enter number: "))

exp = int(input("Enter exponent: "))
numPowerRecursion = powerFunRecursive(base,exp)

" " ", exp, " = ",numPowerRecursion)

print( "Recursion: ", base, raised to

numPowerIteration = powerFunIteration(base,exp)

print( "Iteration: ", base, " raised to ", exp, " = ",numPowerIteration)
Enter number: 10
Enter exponent: 3
Recursion: 10 raised to 3 = 1000
Iteration: 10 raised to 3 = 1000

Infinite Recursive Function d.a g da 1 pSCU1 ¢ Le kw1 A1
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o G FE D CBA:a(BFS) gluidfl alhy

;A gLl 2 (Python) gsildiasl (BFS) L ¥ 2 68 ol oot Aa )yl 93 Gualad d.\.&njgus&y

graph = {
"A" . ["B","C"],
"B" : ["D","E"],
et g YET
"0 s [,
" s [,
"F' o [
}
visitedBFS = [] #List to keep track of visited nodes
queue = [] # Initialize a queue
# bfs function
def bfs(visited, graph, node):
visited.append(node)

81



queue.append(node)

while queue:
n = queue.pop(0)
print (n, end = " ")

for neighbor in graph[n]:
if neighbor not in visited:
visited.append(neighbor)

queue.append(neighbor)

# main program
bfs(visitedBFS, graph, "A")
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Depth-First Search (DFS) Algorithm
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graph = {
"A" : ["B","C"],
uBn . [an'u u]'
"ct oz [FU],
"p" : [J,
uEn B []'
"F s [
}

visitedDFS = [] #list to keep track of visited nodes

# dfs function
def dfs(visited, graph, node):
if node not in visited:

print(node, end = " ") ] T P

visited.append(node) R By u&-fs-ﬂ:-” pAien

for neighbor in graph[node]: St sl uiSe yue b il
dfs(visited, graph, neighbor) gm(RuntimeStack)

Sl lele Y

# main program
dfs(visitedDFS, graph, "A")
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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_v1.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))

{
"diseases": {

"food poisoning": [
"vomiting",
"abdominal pain",
"diarrhea",
"fever"

1,

"kidney stones": [
"lower back pain",
"vomiting",
"fever"

1,

"appendicitis": [
"abdominal pain",
"vomiting",
"fever"
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def diagnose_vi(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
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# Patient 1

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

print('Most likely diagnosis:',diagnosis)

# Patient 2

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

print('Most likely diagnosis:',diagnosis)

# Patient 3

my_symptoms=['fever', 'cough', 'vomiting']
diagnosis=diagnose_vi(my_symptoms)
print('Most likely diagnosis:',diagnosis)

Most likely diagnosis: ['food poisoning', 'appendicitis']
Most likely diagnosis: ['kidney stones']
Most likely diagnosis: []
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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))

{

"diseases": {
"covid19": [

"headache",
"tiredness",
"stuffy nose",

"fever", "sneezing",
"headache", "sore throat",
"tiredness", "cough",
"sore throat", "runny nose"
"cough" 1,
1, "allergies": [
"common cold": [ "headache",

"stuffy nose",
"runny nose",
"sneezing",
"sore throat",
"cough"

1,
"flu":

"tiredness",
"stuffy nose",
"sneezing",
"cough",
"runny nose"

"fever", }
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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)

# access the disease information
disease_info=mapping['diseases"]

# for every disease
for disease in disease_info:

counter=0
disease_symptoms=disease_info[disease]

# for each patient symptom
for symptom in patient_symptoms:

# if this symptom is included in the known symptoms for the disease
if symptom in disease_symptoms:

counter+=1

if counter>=matching_symptoms_lower_bound:
diagnosis.append(disease)

return diagnosis
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# Patient 1

my_symptoms=["stuffy nose", "runny nose", "sneezing", "sore throat"]
diagnosis=diagnose_v2(my_symptoms, 'symptom_mapping_v2.json' , 3)
print('Most likely diagnosis:',diagnosis)

# Patient 2
my_symptoms=["stuffy nose", "runny nose", "sneezing", "sore 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)

Most likely diagnosis: ['common cold', 'flu', 'allergies']
Most likely diagnosis: ['common cold']
Most likely diagnosis: []
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symptom_mapping_file='symptom_mapping_v3.json'

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

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

{ "fever",
"diseases": { "headache",
"covid19": { "tiredness",
"very common": [ "sore throat",
"fever", "cough"
"tiredness", 1,
"cough" "less common": [
1, "stuffy nose",
"less common": [ "sneezing",
"headache", "runny nose"
"sore throat" ]
] b,
b, "allergies": {
"common cold": { "very common": [
"very common": [ "stuffy nose",
"stuffy nose", "sneezing",
"runny nose", "runny nose"
"sneezing", 1,
"sore throat" "less common": [
1, "headache",
"less common": [ "tiredness",
"cough" "cough"
] 1
1 }
"flu": { }

"very common": [ }
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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

DE

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]+=1ess_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", "cough"]
diagnosis=diagnose_v3(my_symptoms, 'symptom_mapping_v3.json')
print('Most likely diagnosis:',diagnosis)

# Patient 2

my_symptoms=["stuffy nose", "runny nose", "sneezing", "sore throat"]
diagnosis=diagnose_v3(my_symptoms, 'symptom_mapping_v3.json')
print('Most likely diagnosis:',diagnosis)

# Patient 3

my_symptoms=["stuffy nose", "runny nose", "sneezing", "sore throat"]
diagnosis=diagnose_v3(my_symptoms, 'symptom_mapping_v3.json', 1, 1)
print('Most likely diagnosis:',diagnosis)

Most likely diagnosis: (['flu'l, 3)
Most likely diagnosis: (['common cold'], 4)
Most likely diagnosis: (['common cold', 'flu'l, 4)
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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

fever cough tiredness headache stuffy nose runny nose sneezing sore throat diagnosis

0 1 1 1 0 0 0 0 0 covid19
1 0 1 1 1 0 0 0 0 covid19
2 1 1 1 0 0 0 0 0 covid19
3 1 1 1 0 0 0 0 0 covid19
4 1 1 1 0 0 0 0 0 covid19
1995 0 1 0 0 1 0 1 1 common cold
1996 0 0 0 1 1 1 1 0 common cold
1997 0 0 1 0 1 0 0 1 common cold
1008 0 0 0 0 1 0 0 1 common cold
1999 0 1 0 0 0 0 1 1 common cold
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set(medical_dataset['diagnosis'])
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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
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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)

#print the shapes (rows x columns) of the two datasets
print(train_data.shape)
print(test_data.shape)

(1400, 9)
(600, 9)
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from sklearn.tree import plot_tree
import matplotlib.pyplot as plt

my_tree=diagnose_v4(train_data) #train a model
print(my_tree.classes_) # printthe 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]

)

['allergies' 'common cold' 'covid19' 'flu']

fever <= 0.5
gini = 0.7%
samples = 1400
value = [354, 345, 358, 343)

G R

sore throat <= 0.5 sore throat <= 0.5
gini = 0,606 gini = 0.507
samples = 791 samples = 609
value = (354, 340, 71, 26) value = [0, S, 287, 317]
runny nose <= 0.5 tiredness <= 0.5 sneezing <= 0.5 headache <= 0.5
ginl = 0.497 gini = 0.182 gini = 0.387 gini = 0.309
samples = 526 samples = 265 samples = 317 samples = 292
value = [354, 101, 58, 13] value = [0, 239, 13, 13] value = [0, 2, 235, 0] value = [0, 3, 52, 237]
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# plot the tree

plot_tree(my_tree,
max_depth=2,
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value = [354, 345, 358, 343]
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sore throat <= 0% som mmal <= () 5
ginl = 0,000 gini = 0.507
samples = 791 samples = 609
value = [ 354, 340, 7}, 26) volue » lO 5, 287,317
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runny nose <= 0.5 tiredness <= 0.5 sneezing <= 0.5 headache <= 0.5
@ini = 0.497 gini = 0.182 gni = 0.387 gini = 0,309
samples = 526 samples = 26 samples = 317 samples = 292

value = [?‘w 1"‘1 58, 13]) value = {0, 239, 13, 13) value = [0, 2, 235, 80] value = [0, 3, 52, 237)
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# functions used to evaluate a classifier
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_datal[ 'diagnosis']

# guess the most likely diagnoses
pred=my_tree.predict(test_patient_symptoms)

# print the achieved accuracy score
accuracy_score(test_diagnoses,pred)

0.8166666666666667
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confusion_matrix(test_diagnoses,pred)

array([[143, 3, o, o],
[ 48, 98, 5, 47,
[ 2, 1, 127, 121,
[ 1, 3, 31, 122]1)
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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

array([[0., 0., 0.1,
[6., 1., 0.1,
(e., 1., 1.11)

2,18 Jsal 2 w5l
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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:
random_maze[block]=1

aalll Jded AUl Al oS

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)
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def get_accessible_neighbors(maze:np.ndarray, cell:tuple):

# list of accessible neighbors, initialized to empty x-1, y-1 x-1,y -1, y+1
neighbors=[]

X, y-1 X,y X, y+1

X,y=cell x+1, y-1 x+1,y | x+1,y+l

# for each adjacent cell position
for 11] in [(X'lry_l)y(X'lly)1(X'11y+1)1(Xry_l)y(X1y+1)y(X+1ry_1)y(x+11y)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
mazel[(i,j)]==
neighbors.append(((i,j),1))
return neighbors
A o L pad gl Lol y of Ll 2hgin 3 y9loma gl 11 3 0y Uil Aliac JS o) R
).«S‘U‘)“}ué).ﬂ.’u.u)v\.“ 1aa tye 3aY B9 dus alloia2 il sslel (Q.A.Lu Ja_aﬁo.,\a‘jo.\:-j LA)‘.A.‘LA

Al AtV 2 aalll g dlglea 2 get_accessible_neighbors() als el uu))‘pds‘am
WEAIESY P TPE T ORI WER{JPSEOE X[V P FOUR E-ACTI PSP IR (i 3 EUNCIT PRI

o:.\a-_l.‘
0 1 2
0 # this cell is the northwest corner of the grid and has only 2 accessible neighbors
1 get_accessible_neighbors(small_maze, (0,0))
2

[(Co, 1), 1), ((1, 0), 1)]

# the starting cell (in the southwest corner) has only 1 accessible neighbor
get_accessible_neighbors(small_maze, (2,0))

[((1, 0), 1)1
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Using BFS to Solve Maze Puzzles

)L._n J_,..J (BFS) glaai®ff 2y o8 oly o1 e )5l 93 ¢ 3l |._\.Ail.@.d|)\_ul‘ bfs_maze_solver() il ﬁm
3ol get_accessible_neighbors() a1 C’ﬁ-“-‘-” faa ‘:.Am_uu NN MESE RNV SESPANEL DA PR PAY
4.'339\.1 Coomd m‘))b})}m 3 poman 9 sl <L 414‘-‘6‘ e L@aﬁu&suud\ o)_g\.zl‘ Lssd! ;Lc_x.c_wyu.\c‘ﬂb
sl saley JauYl w}tl reconstruct_shortest_path() ais ‘am (agll 1l e (BFS) gludy
ladl s 1 cdugll Ads (ye 3unSe 3 )gumy Hludd ) i elidy (ile sl g pund¥ Ll

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

Jad W 4 oY gls Gt dia )yl g3t Jontl sl saled Ll reconstruct_shortest path() als ‘am
get_accessible_ neighbors() uu.”_x.”u_u.u u.”)_,n.t.ﬂ_\_g u.u).u\ laa2 Ll Lg_.JlJL“LI(A* search)
: Al 9=l e bfs_maze_solver() 4ls 2uas us.‘:, “J_u.mLul! reconstruct_shortest_path(),

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) #getthe 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: #ifthisis 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:

# 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
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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)

Expanding cell (2, 0)
Visiting neighbor cell (1, 0)

Expanding cell (1, 0)
Visiting neighbor cell (0, 0)
Visiting neighbor cell (0, 1)
Visiting neighbor cell (2, 0)

Expanding cell (0, 0)
Visiting neighbor cell (0, 1)
Visiting neighbor cell (1, 0)

Expanding cell (0, 1)
Visiting neighbor cell (0, 0)
Visiting neighbor cell (0, 2)
Visiting neighbor cell (1, 0)
Visiting neighbor cell (1, 2)

Shortest Path: [(2, 0), (1, 0), (o, 1), (1, 2)]
Cells on the Shortest Path: 4

Shortest Path Distance: 3

Number of cell visits: 10
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get_accessible nelghbors()uu‘u_nw)j_ujl.\_m‘ilﬁlmbt Jan aSYI ! a.,\_A)_m).ouS.m
def get_accessible_neighbors_weighted(maze:np.ndarray,
.o... ...:: cell:tuple,
::'.' . : . : .:: ola horizontal_vertical_weight:float,

diagonal_weight:float):
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neighbors=[1]
x,y=cell

for i,j in [(x-1,y-1), (x-1,y+1), (x+1,y-1), (x+1,y+1)]: #fordiagonal neighbors

# if the cell is within the bounds of the grid and it 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), diagonal_weight))
for i,j in [(x-1,y), (x,y-1), (x,y+1), (x+1,y)]: #for horizontal and vertical neighbors
if i>=0 and j>=0 and i<len(maze) and j<len(maze[0]) and maze[(i,j)]==0:
neighbors.append(((i,j), horizontal_vertical_weight))

return neighbors

s - 1 - e Yol A . . - .. A -
QE)&J%MQ})&?Sj‘@bM QE&‘)%@Y‘ OISyl ymimea )9 (e ﬁ./).xc;m.\.’d.”.).“ c,q;.._’
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ol LeS (39St 5Ll L < (BFS solver)

from functools import partial

start_cell=(2,0)

target_cell=(1,2)

horz_vert_w=1 # weight for horizontal and vertical moves
diag_w=3 # weight for diagonal moves

solution, distance, cell_visits=bfs_maze_solver(start_cell,
target_cell,
small_maze,
partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag_w),
verbose=False)

print('\nShortest Path:', solution)

print('Cells on the Shortest Path:', len(solution))
print('Shortest Path Distance:', distance)
print('Number of cell visits:', cell_visits)

Shortest Path: [(2, 0), (1, 0), (0, 1), (1, 2)]
Cells on the Shortest Path: 4

Shortest Path Distance: 7

Number of cell visits: 6
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Using A* Search to Solve Maze Puzzles
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def constant_heuristic(candidate_cell:tuple, target_cell:tuple):

return 1

@ @ oo el 1 ooz 1 01 ozl o0 st W1 L Jlanl ,\JMJYMWMJW(@;\,\;
. MJWJYM‘ (2 @ ui‘ﬂ&dmﬂ‘ uj‘ ‘_;Ayuujubj‘wl Aol
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def get_best_candidate(expansion_candidates:set,
shortest_distance:dict,
heuristic:Callable):

winner = None

# best (lowest) distance estimate found so far. Initialized to a very large number
best_estimate= sys.maxsize

for candidate in expansion_candidates:

# distance estimate from start to target, if this candidate is expanded next



candidate_estimate=shortest_distance[candidate]+heuristic(candidate,target_cell)
if candidate_estimate < best_estimate:

winner = candidate
best_estimate=candidate_estimate

return winner

o Jeaa ¥l sy Zegexll 2 2,11 LI Gamdl FOP ) Sl Al eVl 4] HLaT! 3ata PEEC T
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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] =

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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start_cell=(2,0)
target_cell=(1,2)

solution, distance, cell_visits=astar_maze_solver(start_cell,
target_cell,
small_maze,
get_accessible_neighbors,
constant_heuristic,
verbose=False)

print('\nShortest Path:', solution)

print('Cells on the Shortest Path:', len(solution))
print('Shortest Path Distance:', distance)
print('Number of cell visits:', cell_visits)

Shortest Path: [(2, 0), (1, 0), (0, 1), (1, 2)]
Cells on the Shortest Path: 4

Shortest Path Distance: 3

Number of cell visits: 12

das Jnd¥l g 5md¥ Jaimll 5Ll e (A* search solver) Juzad ¥ i ol obs cuoud | 2 Jond | 3151 cam it
ey Sl s 1 (BFS SOIVEr) pLaai 31 2y o ol o1 2 Jomd 15151 ¢y DLt 3T 1mg 205 12 amed
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start_cell=(2,0)
target_cell=(1,2)

horz_vert_w=1 # weight for horizontal and vertical moves
diag_w=3 # weight for diagonal moves

solution, distance, cell_visits=astar_maze_solver(start_cell,
target_cell,
small_maze,
partial(get_accessible_neighbors_weighted,
oo, c0®® horizontal_vertical_weight=horz_vert_w,
L ] L] . . .
€0, o o o000 diagonal_weight=diag_w),
oo, e R P
* Tl constant_heuristic,

i verbose=False)
Pl o illayljg
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print('\nShortest Path:', solution)

print('Cells on the Shortest Path:', len(solution))
print('Shortest Path Distance:', distance)
print('Number of cell visits:', cell_visits)

Shortest Path: [(2, ), (1, @), (e, 0), (o, 1), (0, 2), (1, 2)]
Cells on the Shortest Path: 6

Shortest Path Distance: 5

Number of cell visits: 12

J.q:a_}il)..az.iﬁbuu,\c);uﬂ.. Ligisll Al I le astar_maze_solver() 5,43 xSl c.l,f
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( (aiguwall 2lx01) target_cell )

big_maze=np.zeros((15,15))

# coordinates of the cells occupied by blocks

blocks=[(2,8), (2,9), (2,10), (2,11), (2,12),
(8,8), (8,9), (8,10), (8,11), (8,12),
(3,8), (4,8), (5,8), (6,8), (7,8),
(3,12), (4,12), (6,12), (7,12)]

for block in blocks:
# set the value of block-occupied cells to be equal to 1

Zaliell A igial| Al ls 4luydl 3s12.23 JSi big_maze[block]=1

(Aol s ) start_cell )

M‘Ldaﬂoh‘j (BFS soIver) tLuuY‘ M}J}hua.d‘Ld_ﬁJ‘ah‘ﬁM (Q_t XMML A..\_‘z-_l‘ gl

razmad! By Aalill ol (e Aighsll yud g Aighell el sVl U=t (A* search solver) Jiad ¥ A gt ol

target_cell=(5,10) 099 syl

solution_bfs_unw, distance_bfs_unw, cell_visits_bfs_unw=bfs_maze_solver(start_cell,
target_cell,
big_maze,
get_accessible_neighbors,
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verbose=False)

print('\nBFS unweighted.")

print('\nShortest Path:', solution_bfs_unw)

print('Cells on the Shortest Path:', len(solution_bfs_unw))
print('Shortest Path Distance:', distance_bfs_unw)
print('Number of cell visits:', cell_visits_bfs_unw)

solution_astar_unw, distance_astar_unw, cell_visits_astar_unw=astar_maze_solver(
start_cell,
target_cell,
big_maze,
get_accessible_neighbors,
constant_heuristic,
verbose=False)

print('\nAx Search unweighted with a constant heuristic.')
print('\nShortest Path:', solution_astar_unw)

print('Cells on the Shortest Path:', len(solution_astar_unw))
print('Shortest Path Distance:', distance_astar_unw)
print('Number of cell visits:', cell_visits_astar_unw)

BFS unweighted.

Shortest Path: [(14, 0), (13, 1), (12, 2), (11, 3), (10, 4), (9, 5), (8,
6), (8, 7), (9, 8), (9, 9), (9, 10), (9, 11), (9, 12), (8, 13), (7, 13),
(6, 13), (5, 12), (4, 11), (5, 10)]

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 1237

Ax Search unweighted with a constant heuristic.

Shortest Path: [(14, 0), (13, 1), (12, 2), (11, 3), (10, 4), (10, 5), (10,
6), (9, 7), (9, 8), (10, 9), (9, 10), (9, 11), (9, 12), (8, 13), (7, 13),
(6, 13), (5, 12), (6, 11), (5, 10)]

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 1272

target_cell=(5,10)

horz_vert_w=1
diag_w=3

solution_bfs_w, distance_bfs_w, cell_visits_bfs_w=bfs_maze_solver(start_cell,
target_cell,



big_maze,

partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag_w),

verbose=False)

print('\nBFS weighted.")

print('\nShortest Path:', solution_bfs_w)

print('Cells on the Shortest Path:', len(solution_bfs_w))
print('Shortest Path Distance:', distance_bfs_w)
print('Number of cell visits:', cell_visits_bfs_w)

solution_astar_w, distance_astar_w, cell_visits_astar_w=astar_maze_solver(start_cell,

target_cell,

big_maze,

partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag_w),

constant_heuristic,

verbose=False)

print('\nAx Search weighted with constant heuristic.')
print('\nShortest Path:', solution_astar_w)

print('Cells on the Shortest Path:', len(solution_astar_w))
print('Shortest Path Distance:', distance_astar_w)
print('Number of cell visits:', cell_visits_astar_w)

BFS weighted.

Shortest Path: [(14, 0), (14, 1), (14, 2), (13, 2), (13, 3), (12, 3), (12,
4)7 (111 4)' (1ll 5)7 (107 5)] (101 6)7 (91 6)' (97 7)1 (9I 8)7 (97 9)] (97
10), (9, 11), (9, 12), (9, 13), (8, 13), (7, 13), (6, 13), (5, 13), (5,
12), (4, 11), (5, 10)]

Cells on the Shortest Path: 26

Shortest Path Distance: 30

Number of cell visits: 1235

A* Search weighted with constant heuristic.

Shortest Path: [(14, 0), (13, 0), (12, o), (11, ), (10, 0), (9, 0), (9,
1)7 (91 2)] (97 3)1 (9I 4)7 (91 5)' (97 6)7 (91 7)7 (97 8)’ (97 9)7 (91
10), (9, 11), (9, 12), (9, 13), (8, 13), (7, 13), (6, 13), (5, 13), (5,
12), (5, 11), (5, 10)]

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell visits: 1245

Seo,q, eo®®
L] L]
.... e o ....
oo o ., (X ]
e T e,

.

il ajljg

Minjstry of Education

2023 - 1445



(A oy 3 pnall aalill 2. Lgde cdias | el pe m5001 30190

el e 5l 2 (A% search) Juss¥ sy omally (BFS) pLud¥ usls omall Lo 15 camas o
RIS T USSRV P
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maze_bfs_w=big_maze.copy() maze_astar_w=big_maze.copy()
for cell in solution_bfs_w: for cell in solution_astar_w:
maze_bfs_w[cell]=2 maze_astar_w[cell]=2
plot_maze(maze_bfs_w) plot_maze(maze_astar_w)
(.(A* search) Juaa¥! agglsly e ! a__m)‘)l};;.) ( -(BFS) gLas¥! aghols cuml duayls )

JuaW Auglls cmlly LWl Baglaly cumdl aeyslgi ol o A5l 12,24 IS

S ol it Ll o (A* s€@ICh ) (¥ iy g gl o) e 313300 5 el iaalal] o (el S
LA ODKIE ISP PPRY DY PE- PO E WSO PO U PE W= RC-SON IO [T JE I
b3l g3d! o dale 35lie Ly Loy 2LaI5 el S ey 48 o IS 3415 5 00l 52 (BFS) Juad¥
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ol e 2 ¢ 5l (Efficiency ) 3¢Last!
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(Performance) s1s¥!

BUalll aaly .3latl
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Manhattan Distance (i lgile d8Llue

Manhattan (A, B) [x1-x2| + |yl-y2]|

B (x2, y2)
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ik LS Ogldl A1 35900 2 Agguu 10a Gl (Say
def manhattan_heuristic(candidate_cell:tuple,target_cell:tuple):

x1,yl=candidate_cell
x2,y2=target_cell
return abs(x1l - x2) + abs(yl - y2)

astar_maze_solver () peud oSl J¥au¥ s alasinl 451 HLasy Ll Some pdl alast! ‘z.x:r_l_m/:
9391 yud g Bagiell VLol (ya JS 2 gyl JSi el 2

start_cell=(14,0)
target_cell=(5,10)

solution_astar_unw_mn, distance_astar_unw_mn, cell_visits_astar_unw_mn=astar_
maze_solver(start_cell,

target_cell,

big_maze,

get_accessible_neighbors,

manhattan_heuristic,

verbose=False)

print('\nA* Search unweighted with the Manhattan heuristic.')
print('\nShortest Path:', solution_astar_unw_mn)

print('Cells on the Shortest Path:', len(solution_astar_unw_mn))
print('Shortest Path Distance:', distance_astar_unw_mn)
print('Number of cell visits:', cell_visits_astar_unw_mn)

horz_vert_w=1 # weight for horizontal and vertical moves
diag_w=3 # weight for diagonal moves

solution_astar_w_mn, distance_astar_w_mn, cell_visits_astar_w_mn=astar_maze_
solver(start_cell,
target_cell,
big_maze,
partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag_w),
manhattan_heuristic,
verbose=False)

print('\nAx Search weighted with the Manhattan heuristic.')
print('\nShortest Path:', solution_astar_w_mn)
print('Cells on the Shortest Path:', len(solution_astar_w_mn))

print('Shortest Path Distance:', distance_astar_w_mn)
print('Number of cell visits:', cell_visits_astar_w_mn)
.0... .....
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A* Search unweighted with the Manhattan heuristic.

Shortest Path: [(14, ©), (13, 1), (12, 2), (11, 3), (10, &), (9, 5), (8,
6), (8, 7), (9, 8), (9, 9), (9, 10), (9, 11), (9, 12), (8, 13), (7, 13),
(6, 13), (5, 12), (5, 11), (5, 10)]
Cells on the Shortest Path: 19
Shortest Path Distance: 18

Number of cell visits: 865

Ax Search weighted with the Manhattan heuristic.

Shortest Path: [(14, 0), (14, 1), (13, 1), (12, 1), (12, 2), (12, 3), (12,
4), (12, 5), (12, 6), (12, 7), (11, 7), (11, 8), (10, 8), (9, 8), (9, 9),
(9, 10), (9, 11), (9, 12), (9, 13), (8, 13), (7, 13), (6, 13), (5, 13), (5,
12), (5, 11), (5, 10)]

Cells on the Shortest Path: 26
Shortest Path Distance: 25
Number of cell visits: 1033

Comd 3ed) s @) dal il HSay (M}anhattan Distance) ¢yilgile Aalus J¥uiwl oof 75l 4S5
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1033 colanby 25 =25l
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1235 camdy 30=28lul

865ciaxiy 18=2olull

1272 cuamby 18 =asloull

1237cunnby 18 =asLull
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%%capture # capture is used to suppress the installation output.

# install the pandas library, if it is missing.

'pip install pandas e———
import pandas as pd
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# load the train and testing data.
imdb_train_reviews=pd.read_csv('imdb_data/imdb_train.csv')
imdb_test_reviews=pd.read_csv('imdb_data/imdb_test.csv')

imdb_train_reviews

okl ola3.3 U all 2 e LaSs
0 | gréw up (b, 1965) watching and loving the Th... 0 DataFrame ‘;:l_'nl._g dcgama
1 When | put this movie in my DVD player, and sa... 0 :O:'-’}“‘ulﬁuﬁbs
2 Why do people who do not know what a particula... 0 el Y- o
3 Ewven though | have great Interest in Biblical ... 0 . (ﬂ::: R
4 im a die hard Dads Army fan and nothing witt e_. 1
30095  "Western Union® is something of a forgotten cl... 1 b=l @ )
39996 This movie is an incredible piece of work. It ... 1
39997 My wife and | watched this movie because we pl... 0 ( il @5 )
39998 When | first watched Flatliners, | was amazed,... 1
39099 Why would this film be so good, but only gross... 1

40000 rows x 2 columns
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# 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 format

;o LS DataFrame <l
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1965) watching and loving the Th...

I was amazed....

0 I grew up (b.

1 When I put this movie in my DVD player, and sa...
2 Why do people who do not know what a particula...
3 Even though I hawve great interest in Biblical

4 Im a die hard Dads Army fan and nothing will e.
39995 "Western Union" is something of a forgotten cl.
39996 This movie is an incredible piece of work. It
39997 My wife and I watched this movie because we pl.
39998 When I first watched Flatliners,

39999 Why would this film be s0 gocd, but only gross.
Name: text, Length: 40000, dtype: cbject
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from sklearn.feature_extraction.text import CountVectorizer

# the min_df parameter is used to ignore terms that appear in less than 10 reviews.
vectorizer_vl = 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_v1l = vectorizer_vil.transform(X_train_text)

X_train_vi

<40000x23392 sparse matrix of type '<class 'numpy.int64'>'
with 5301561 stored elements in Compressed Sparse Row format>



# expand the sparse data into a sparse matrix format, where each column represents a different word.
X_train_vi1_dense=pd.DataFrame(X_train_v1.toarray(),

columns=vectorizer_vl.get_feature_names_out())
X_train_v1_dense

00 200 007 O1 02 O4 0S5 06 07 08 .. 700 ZoOM Z0OGMNG 200MS 20MMO U JuUCCO Zucker zulu Uber
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1 2 0 90 48 <858 -8 0 o o 0 0 L 0 o 0 0
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3 0 D @ €96 %D 8 o ¢ C 0 0 0 0 0 0 0
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39968 © 0 [ I <] ) ¢ » ¢ 0o ¢ <} U o Q 0 0 0 o 0 o

9996 0 0 0O 0 0 @ » 0 ¢ © 0 0 [+ 0 0 0 0 0 0 0

39997 © 0 0O 0 0 0 0 @ 0 O 2 ] < Q g o 0 0 0 [

39998 0O "] 0O 0 0 2 0 0 © O© 3 0 fx a g 0 0 0 0 o

e ¢ 2 0 0 0 0 0 0 0 O ] 0 o 0 0o 0 0 0 9 0
40000 rows x 23392 columns
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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_vi1_dense)/1000000)

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

MegaBytes of RAM memory used by the raw text format: 54.864133
MegaBytes of RAM memory used by the dense matrix format: 7485.440144

MegaBytes of RAM memory used by the sparse format: 4.8e-05
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# delete the dense matrix.
del X_train_v1_dense
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Build a Prediction Pipeline

ag "5_10_-"...” ul_bn uL@;;_&gLL eyl by Jofial (ye u_éua:vui Ny uzﬁ\
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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) #fitthe 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)
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prediction_pipeline_v1l.predict(['One of the best movies of the year. Excellent

array([1, 0], dtype=int64)

cast and very interesting plot.',
'I was very disappointed with his film. I
lost all interest after 30 minutes' 1)
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prediction_pipeline_vil.predict_proba(['One of the best movies of the year. Ex
cellent cast and very interesting plot.',

'T was very disappointed with his film.
I lost all interest after 30 minutes' ])

array([[0.08310769, 0.91689231],
[0.83173475, 0.16826525]1)
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# use the pipeline to predict the labels of the testing data.
predictions_vl = prediction_pipeline_vl.predict(X_test_text) # vectorize the text
data, then predict.

predictions_v1
array([6, 0, 0, ..., 0, 0, 0], dtype=int64)
Ul Y Jois ottt ol doglas 5l yugumty Juloeid ol ga¥1 (e apuadl (siuldl 450 a3
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from sklearn.metrics import accuracy_score
accuracy_score(Y_test, predictions_v1) #get the achieved accuracy.

0.8468
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%%capture
'pip install scikit-plot; #install the scikit-plot library, if it is missing.
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] for i in Y_test],

[class_names[i] for i in predictions_v1],
s title="Confusion Matrix", #titletouse
~Aadgiell (oull cmap="Purples", #color palette to use

figsize=(5,5) #figure size
)i
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%%capture

'pip install lime #install the lime library, if it is missing
from lime.lime_text import LimeTextExplainer

# create a local explainer for explaining individual predictions
explainer_vl = 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_v1l.predict_proba([easy_example]))

[[0.99874831 0.00125169]]
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# explain the prediction for this example.

exp = explainer_vil.explain_instance(easy_example.lower(),
prediction_pipeline_vl.predict_proba,
num_features=10) —

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

exp.as_list()

[('terrible', -0.07046118794796816),
('horrible', -0.06841672591649835),
('boring', -0.05909016205135171),
('plot', -0.024063095577996376),
('was', -0.014436071624747861),
('movie', -0.011956911011210977),
('actors', -0.011682594571408675),
('this', -0.009712387273986628),
('very', 0.008956707731803237),
('were', |-0.008897098392433257))]
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# visualize the impact of the most influential words.
fig = exp.as_pyplot_figure()

Local explanation for class pos
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exp.show_in_notebook()
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# an example of a positive review that is mis-classified as negative by prediction_pipeline_v1
mistake_example= X_test_text[4600]
mistake_example

"I personally thought the movie was pretty good, very good acting by
Tadanobu Asano of Ichi the Killer fame. I really can't say much about the
story, but there were parts that confused me a little too much, and overall
I thought the movie was just too lengthy. Other than that however, the
movie contained superb acting great fighting and a lot of the locations
were beautifully shot, great effects, and a lot of sword play. Another
solid effort by Tadanobu Asano in my opinion. Well I really can't say
anymore about the movie, but if you're only outlook on Asian cinema is
Crouching Tiger Hidden Dragon or House of Flying Daggers, I would suggest
you trying to rent it, but if you're a die-hard Asian cinema fan I would
say this has to be in your collection very good Japanese film."
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# 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_vil.predict_proba([mistake_example]))

Correct Label: pos
Prediction Probabilities for neg, pos: [[0.8367931 0.1632069]]
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# explain the prediction for this example.

exp = explainer_vil.explain_instance(mistake_example, prediction_pipeline_
vl.predict_proba, num_features=10)

# visualize the explanation.
fig = exp.as_pyplot_figure()
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%%capture

'pip install nltk #install nitk
'pip install gensim #install gensim

import nltk #import nitk
nltk.download( 'punkt') #install nitk's tokenization tool, used to split a text into sentences.

import re #importre

from gensim.models.phrases import Phrases, ENGLISH_CONNECTOR_WORDS # import tools
from the gensim library.
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# d Jist of tok d Giﬁsent_tokenize() Al
convert a given doc to a list of tokenized sentences. 2 o eim P
. . ‘ . ;Lﬁ ‘ . ‘
def tokenize doc(doc:str): Jozmdl (e A6 I !

return [re.findall(r'\b\w+\b',

sent.lower()) for sent in nltk.sent_tokenize(doc)]
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raw_text='The movie was too long. I fell asleep after the first 2 hours.'
tokenized_sentences=tokenize_doc(raw_text)
tokenized_sentences

[['the', 'movie', 'was', 'too', 'long'l],
['i', 'fell', 'asleep', 'after', 'the', 'first', '2', 'hours']]
3;Ladl Z39a0 o LASY (GENSIM) e 3080 (pa ol ) Lal! 31 e tokenize_doc () &l suead ¥ (S
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sentences=[] #/list of all the tokenized sentences across all the docs in this dataset

for doc in X_train_text: # foreach 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,t)
scoring="npmi',
thresh01d=0.25).freeze()‘)
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imdb_phrase_model[tokenized_sentences[0]]

['the', 'movie', 'was', 'too_long']

imdb_phrase_model[tokenized_sentences[1]]

['i', 'fell_asleep', 'after', 'the', 'first', '2_hours']
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def annotate_phrases(doc:str, phrase_model):

sentences=tokenize_doc(doc)# split the document into tokenized sentences.

tokens=[1] #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.

O obea ¥y couil lagd (e JS yuwadt annotate_phrases() adls Ll o oma ydl plasl S

# annotate all the test and train reviews.

X_train_text_annotated=[annotate_phrases(doc,imdb_phrase_model) for doc in X_

train_text]

X_test_text_annotated=[annotate_phrases(text,imdb_phrase_model)for text in X_

test_text]
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# an example of an annotated document from the imdb training data

X_train_text_annotated[0]

'i_grew up b 1965 watching and loving the thunderbirds all my_mates at school watched
we played thunderbirds before school during lunch and after school we all wanted to
be virgil or scott no_one wanted to be alan counting down from 5 became an art_form

i took my children to see the movie hoping they would get_a_glimpse of what i_loved
as a child how bitterly disappointing the only high_point was the snappy theme_tune
not that it could compare with the original score of the thunderbirds thankfully
early saturday_mornings one television_channel still plays reruns of the series
gerry_anderson and his_wife created jonatha frakes should hand in his directors chair
his version was completely hopeless a waste of film utter_rubbish a cgi remake may_be
acceptable but replacing marionettes with homo_sapiens subsp sapiens was a huge error

of judgment'
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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)
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# train a new Naive Bayes Classifier on the newly vectorized data.
model_tf =MultinomialNB()
model_tf.fit(X_train_v2, 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)

0.8858
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# 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]))

Review: i_personally thought the movie was_pretty good very_good acting by tadanobu_
asano of ichi_the_killer fame i really can_t say much about the story but there_were
parts that confused me a little_too much and overall i_thought the movie was just too
lengthy other_than that however the movie contained superb_acting great fighting and
a lot of the locations were beautifully_shot great effects and a lot of sword play
another solid effort by tadanobu_asano in my_opinion well i really can_t say anymore
about the movie but if_you re only outlook on asian_cinema is crouching_tiger hidden_
dragon or house of flying_daggers i_would suggest_you trying to rent_it but if_you re
a die_hard asian_cinema fan i_would say this has to be in your_collection very_good
japanese film

Correct Label: pos

Prediction Probabilities for neg, pos: [[0.32116538 0.67883462]]
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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()

Local explanation for class pos

superb_acting 1
beautifully_shot 1
can_t 1
very_good 1
die_hard 1
your_collection 1
other_than 1
olid 1

outiook 1

great 1
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from .naive_bayes import MultinomialNB

from sklearn.pipeline import make_pipeline

from sklearn.feature_extraction.text import

vectorizer = (min_df=10)
vectorizer.fit( ) # fits the vectorizer on the training data
X_train = vectorizer. (X_train_text) #uses the fitted vectorizer to vectorize the data

model_MNB=MultinomialNB() # a Naive Bayes Classifier

model_MNB.fit(X_train, ) #fits the classifier on the vectorized training data

prediction_pipeline = make_pipeline( , )

Comil g poiasdid] JolaT| ot | st ) 23 g0l | (30 guch paizo 5Ly Al iopoms I (e ol pdatl JuaS e
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from import LimeTextExplainer

text_example="I really enjoyed this movie, the actors were excellent"
class_names=['neg', 'pos'] #creates a local explainer for explaining individual predictions

explainer = (class_names=class_names) # explains the prediction for this example

exp = explainer. (text_example.lower(),prediction_pipeline. ,

=10) # focuses the explainer on the 10 most influential features

print(exp. ) # prints the words with the highest influence on the prediction
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BBC open dataset

https:.//www.kaggle.com/datasets,/shivamkushwaha,/bbc-full-text-document-classification

D. Greene and P. Cunningham. "Practical Solutions to the Problem of Diagonal Dominance in Kernel Document Clustering",Proc.
ICML 2006. All rights, including copyright, in the content of the original articles are owned by the BBC.

# used to list all the files and subfolders in a given folder

from os import listdir

# used for generating random number
import random shuffling lists

bbc_docs=[1 # holds the text of the articles
bbc_labels=[] # holds the news section for each article

for folder in listdir('bbc'): #for each news-section folder
for file in listdir('bbc/'+folder): #for each text file in this folder

# open the text file, use encoding="utf8' because articles may include non-ascii characters
with open('bbc/'+folder+'/'+file,encoding="'utf8"',errors="'ignore') as f:
bbc_docs.append(f.read()) #read the text of the article and append to the docs list

# use the name of the folder (news section) as a label for this doc
bbc_labels.append(folder)

# shuffle the docs and labels lists in parallel

merged = list(zip(bbc_docs, bbc_labels)) #link the two lists

random.shuffle(merged) # shuffle them in parallel (with the same random order)

bbc_docs, bbc_labels =

zip(*merged) # separate them again into individual lists.
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: (Cosine Distance)
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: (Hierarchical Clustering)
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# used for tfi-df vectorization, as seen in the previous unit
from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.cluster import AgglomerativeClustering # used for agglomerative clustering

# used to visualize and support hierarchical clustering tasks
import scipy.cluster.hierarchy as hierarchy

# set the color palette to be used by the 'hierarchy’ tool.

hierarchy.set_link_color_palette

(['blue','green','red', 'yellow', 'brown', 'purple', 'orange', 'pink', 'black'])

import matplotlib.pyplot as plt #used for general visualizations

Text Vectorization (yo gl 4Bl done ,-d!
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vectorizer = TfidfVectorizer(min_df=10) # apply tf-idf vectorization, ignore words that

appear in more than 10 docs.

text_tfidf=vectorizer.fit_transform(bbc_docs) #fit and transform in one line

text_tfidf

<2225x5867 sparse matrix of type

'<class 'numpy.float64'>'

with 392379 stored elements in Compressed Sparse Row format>
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%%capture
'pip install yellowbrick

from yellowbrick.text import TSNEVisualizer
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print('Number of unique words in the BBC documents vectors:',
len(vectorizer.get_feature_names_out()))

Number of unique words in the BBC documents vectors: 5867
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tsne = TSNEVisualizer(colors=['blue', 'green','red', 'yellow', 'brown'])
tsne.fit(text_tfidf,bbc_labels)
tsne.show();

TSNE Progecton of 2226 Documents
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plt.figure() #create a new empty figure

# iteratively merge points and clusters until all points belong to a single cluster
# return the linkage of the produced tree
linkage_tfidf=hierarchy.linkage(text_tfidf.toarray(),method="ward")

# visualize the linkage
hierarchy.dendrogram(linkage_tfidf)

# show the figure
plt.show()
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AC_tfidf=AgglomerativeClustering(linkage="ward',n_clusters=7) #prepare the tool,
set the number of clusters.

AC_tfidf.fit(text_tfidf.toarray()) #apply the tool to the vectorized BBC data.
pred_tfidf=AC_tfidf.labels_ # get the cluster labels.

pred_tfidf

array([6, 2, 4, ..., 6, 3, 5], dtype=int64)

wiiews JS 2 (News Section) (gL ¥ ewall (e (3uciall 2t eilile) ground-truth aes o) dasy
B2y JS ima o (1) 150! el ulee condse ctll (o Yosg deall o 2 ALY e alitud o
el S A (0 3| i 8 < laadl a2 5 iie Buatal | Aaaal bl @3 O ous e

(Aolag ) el 3¥l s _@3) bbe_labels 44313 2. 559a g0 Al 3uatiall Aaaatl cilily @iy



Ol 308 (o ol il Jum ol dalizen Jgs A5 9 suciall daaantl elily @ud L oma yll plaal ‘,M

bl areai 339> @it (Sklearn)

JS2 ol S S5 Lantie @udll o2a 35005 (5Sess 1 50 o (Homogeneity Score ) (il e @b 5Ss
sl 3 g bl balsd le 3gdie JS (goiomy ( Jillig 3uatiall A aatl culily dad Lgd 39aie

JS i Leie @all oia 5305 (1S9 1.0 -0.5 ons (Adjusted Rand Score) Jetall ity 50 dagd (ysSs @
Adlize udlic 2 Al @uall el 3 abldl bolas JSg duwdd sgaiall 2 Lgwds @udll ol 3 cbiled! bolas

Ll dolay IS cnan daatl oia 3505 (1S9 1 9 0 o (Completeness Score) JLaS Y1 yago 1ad (155 ©
s 3giall B s gl (e

from sklearn.metrics import homogeneity_score,adjusted_rand_
score,completeness_score

print('\nHomogeneity score:',homogeneity_score(bbc_labels,pred_tfidf))
print('\nAdjusted Rand score:',adjusted_rand_score(bbc_labels,pred_tfidf))
print('\nCompleteness score:',completeness_score(bbc_labels,pred_tfidf))

Homogeneity score: 0.6224333236569846 ag}uF‘Q]giﬁ‘Aﬁjngl%UBI)LEJ‘
Baalyied I Laid s5aiall b Gagiail

Adjusted Rand score: 0.4630492696176891

Completeness score: 0.5430590192420555 &yb)‘hmggiﬂ‘AAﬁchb%)éyf;?g
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AC_tfidf=AgglomerativeClustering(linkage="ward',n_clusters=5)
AC_tfidf.fit(text_tfidf.toarray())
pred_tfidf=AC_tfidf.labels_

print('\nHomogeneity score:',homogeneity_score(bbc_labels,pred_tfidf))
print('\nAdjusted Rand score:',adjusted_rand_score(bbc_labels,pred_tfidf))
print('\nCompleteness score:',completeness_score(bbc_labels,pred_tfidf))

Homogeneity score: 0.528836079209762 Slomal e o gl ezl 35ual |
e y2939 c@uall (o SAiamll saall
lee Lo Jmmetiw 3y HiS1 LS|
Completeness score: 0.6075627851312266 ubuu#‘d;hﬂ&%>Lp‘}éﬁicyqﬂ

Adjusted Rand score: 0.45628412883628383
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import gensim.downloader as api

model_wv = api.load('word2vec-google-news-300")
AalS S day o 390l iaa fox_emb=model_wv['fox"]

,J,jgoooﬁoggﬁ SRR print(len(fox_emb))

300




il Aminge (alad) FOX 2alSH gotall yancail] 1931 5 pall sLas¥l

fox_emb[:10]

array([-0.08203125, -0.01379395, -0.3125 , —0.04125977, 0.05493164,
-0.12988281, -0.10107422, -0.00164795, 0.15917969, 0.12402344],
dtype=float32)
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pairs = [
('car', 'minivan'),
('car', 'bicycle'),
('car', 'airplane'),
('car', 'street'),

('car', 'apple'),
1
for wl, w2 in pairs:
print(wl, w2, model_wv.similarity(wl, w2))

car minivan 0.69070363
car bicycle 0.5364484
car airplane 0.42435578
car street 0.33141237
car apple 0.12830706

LS s Y Ag Ll Aruait! lLalSI e ysiall I oma pudl alall alaiiod (Sas

print(model_wv.most_similar(positive=['apple'], topn=5))

[('apples', 0.720359742641449), ('pear', 0.6450697183609009),
('fruit', 0.6410146355628967), ('berry', 0.6302295327186584), ('pears’,
0.613396167755127)]
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%%capture

import nltk #import the nltk library for nip.

import re #import the re library for regular expressions.

import numpy as np # used for numeric computations

from collections import Counter # used to count the frequency of elements in a given list
from sklearn.manifold import TSNE # Tool used for Dimensionality Reduction.

# download the 'stopwords' tool from the nltk library. It includes very common words for different
languages
nltk.download( 'stopwords")

from nltk.corpus import stopwords #import the 'stopwords'tool.
stop=set(stopwords.words('english')) #load the set of english stopwords.
3o ey ) e Y1 8 il Ao gazme (yo Rliiatl] colalSU (ya e cpaant) i A 591 A1l S
Aol 3Y1 3g) A LYl a LYl e sl dag e 151,55 58 el lalSO oyl plal
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def get_sample(bbc_docs:list,
bbc_labels:list : it
): A(093952) are g (09su) is 9 (JY) the 4 (1) @ » (Stopwords)
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word_sample=set() # asample of words from the BBC dataset

# for each BBC news section
for label in ['business', 'entertainment', 'politics', 'sport', 'tech']:

# get all the words in this news section, ignore stopwords.
# for each BBC doc and for each word in the BBC doc
# if the word belongs to the label and is not a stopword and is included in the Word2Vec model
label_words=[word for i in range(len(bbc_docs))
for word in re.findall(r'\b\w\w+\b',bbc_docs[i].lower())
if bbc_labels[i]==1abel and
word not in stop and
word in model_wv]

cnt=Counter(label_words) # count the frequency of each word in this news section.
# get the top 50 most frequent words in this section.
top50=[word for word,freq in cnt.most_common(50)]

# add the top50 words to the word sample.
word_sample.update(top50)

word_sample=list(word_sample) # convert the set to a list.
return word_sample

word_sample=get_sample(bbc_docs,bbc_labels)
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Bidirectional Encoder Representations from Transformers (BERT)
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Jj]a}ﬂ gl ;\P‘z' liai o Lasy (SBERT) & gotf (g0 ol ¥ AGLS d.e:-..!!).m).v )% PPy ) ‘a
e Ailay p 0l 3l 3Y1 3s eilile Legama 2 VLA ol 03 ymall Goguaill ol ol y 240l Jia ! (e
Ol O Y ] Sl I Lgasen adiad L z30edll o) (e @ Il Bl 208 2 3wl 1
(SBERT) & gomd (0 oL ¥ | Ailiss ot | o 53 o Miiiadtg (BERT) 0¥ gomd | (s oL ¥ | AL oo 5ot
.(Word2Vec) asit! 3 aelSh zhgads (ye | ouaas STy 50 IS Aalina 300 ylags
Sentence_transformers Library &% gt 9 J.Q;J‘ Al
et | o 53 e T o9 alal<l Caslisgll (sentence_transformers) oy gty Jomd | 4580 d_daj
Lo W1 Al Jrammd | mce 53 & il zoled e el st u_,b (SBERT) uy},.n e olaa ¥ AGls
Jializee CBloal 3aasly ddlie bl ujw‘,_\gu),\_n Lgie J ¢Laeat 2,501 (SBERT) & gl (ys
lass o Lasy LG.AMJLL‘L_A—A—AA 4.))..\.11 3 gl dalatl CALAJJ‘ sl J._nm‘_,lcg.‘u‘ ‘:,:r_n)_d‘ tadll Joay
s lay ,d) de 3V dia bilg degame 2 ol uiiiuall
%%capture

I'pip install sentence_transformers
from sentence_transformers import SentenceTransformer

model = SentenceTransformer('all-MinilLM-L6-v2') #load the pre-trained model.

text_emb = model.encode(bbc_docs) #embed the BBC documents.



o illy T S e g3gL1 Slgsuadl Hglael) cnaniad 3101 Basll 0ia 2 il By 2 conniiul il
Mb\,& l.\.!a..albbs_.ob\ﬁ‘mb MluLg_m.LL 4_\4.,;1\‘_.|M|)_.M (TSNEVisualizer)
po ol W AGLS Jamd | e y3 0 Mciad Al cal g Al ulivainill Lgal wisieal ¥ oS . (TF-IDF) sl

:(SBERT) ¥ gt

tsne = TSNEVisualizer(colors=['blue', 'green','red', 'yellow', 'brown'])
tsne.fit(text_emb,bbc_labels)
tsne.show();

m
uggi
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olesalt (T- SNE)TJs.wu_\;@}u l,“,J\)ﬁ\_,_LlMJQLM\ :3. 23Js“
(SBERT) c¥goell cya ol uuwlﬂfumwuuly Ll
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plt.figure() #create anew figure.
# iteratively merge points and clusters until all points belong to a single cluster. Return the the linkage of
the produced tree.

linkage_emb=hierarchy.linkage(text_emb, method="ward")

hierarchy.dendrogram(linkage_emb) # visualize the linkage.
plt.show() #show the figure.
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Calidea gl s Lgie anly IS cadlic 4 I s g pom il @01 3101 (410.3.24 JSaI1 2 Soge g8 LS
el e Glos g B liall Giluasd 753501 | 2a A eyl adaill o
AC_emb=AgglomerativeClustering(linkage="ward',n_clusters=4)

AC_emb.fit(text_emb)
pred_emb=AC_emb.labels_

print('\nHomogeneity score:',homogeneity_score(bbc_labels,pred_emb))
print('\nAdjusted Rand score:',adjusted_rand_score(bbc_labels,pred_emb))
print('\nCompleteness score:',completeness_score(bbc_labels,pred_emb))

Homogeneity score: 0.6741395570357063
Adjusted Rand score: 0.6919474005627763

Completeness score: 0.7965514907905805

ISl sl am¥l sgzialle adlie 5 e pamenll saall aluiialy Lnpandisalel @ aB bl cSls 13)
i gl e 3Ll (S ¢l (] i o3Lel

AC_emb=AgglomerativeClustering(linkage="ward',n_clusters=5)
AC_emb.fit(text_emb)
pred_emb=AC_emb.labels_

print('\nHomogeneity score:',homogeneity_score(bbc_labels,pred_emb))
print('\nAdjusted Rand score:',adjusted_rand_score(bbc_labels,pred_emb))
print('\nCompleteness score:',completeness_score(bbc_labels,pred_emb))

Homogeneity score: 0.7865655030556284
Adjusted Rand score: 0.8197670431956582

Completeness score: 0.7887580797775077
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Adgaas LIS Gt i JS 2 1oty Ll 1aiiwe (pesaii 'DOCS' i NUMPY 48 gauae iyt 0
e 5 S 73 9ol i Gy I s it | atadtl JoST.DOCS 2. i JS @b (yeuai labels
Aiiiul @5 DOCS 2 3318 g1 S Glicaia’ ol Licus 0at) (SBERT) o gt f (y0 olad ¥ 1 2GLS ot
las¥ 1 LS eLiaall 2 Olicadatt o guatd T IS e £598) o5 gdiall yglant| (naiad TSNEVisualizer s1sf
PG Aay Y1 @al| (e g JST alline (g8 plasiuly

from sentence_transformers import

from import TSNEVisualizer model = ('all-MiniLM-

L6-v2') #loads the pre-trained model.

docs_emb = model. (Docs) #embeds the docs
tsne = ( - ___=['blue','green','red','yellow'])
tsne. ( ) )

tsne.show();

G2 dalS JS Jludwd (Word2Vec) 4:.:4! o AedSI I Za gad PRES Sy A (oome yud | plast | S| e

JVRIVIE RSP JPSEAPIPER]

import gensim.downloader as
import re
model_wv = . - ~ ("word2vec-google-news-300")
old_sentence='My name is John and I like basketball.'
new_sentence=""
for word in re. (r'\b\w\w+\b"',old_sentence.lower()):

replacement=model_wv. (positive=["'apple'l], =1)[0]

new_sentence+=

sentence=new_sentence.strip()

17



o8 Gt dasly

www.ien.edu.sa

Natural Language Generation (NLG) dacdal! Slalt) dd 5

g >-el) Gogenil] 4 g3 e 5853 ) (NLP) denstlal | GLal Gt Las 9,5 anl 58 (NLG) dmeddat | LAl it 3
3 5 ABgLa il 5l 23U il 1 g5 58 (NLG) Zosnedall SLA e 53 (s ool sl cilan sl g alaimialy
Jie Andall Ll gl Batal) el gill e dpiall dangh (g o J508 I Ba Lol (93 5l Lasgiag Tunuilo
a9 s 15ty caelga i sty g 1 st clisgit

Aacdal) SLaL Anlae

:+ (Natural Language Processing-NLP)

£1S3U1 g9, unl ga (NLP) dacdali SLall it las
PSS PO X WA PO PAPNE | PP b AR
gagdall 2y 2l it 31S Lwa

Cewl=tiagle

Aacdall OLalH Wb gl clSa)

ol Oligalll ele

: (Natural Language Generation-NLG)
Al Adee oo (NLG) dacdatt Olald) wd g5

.(A|) E’cmy“‘s_u'e‘mb 2:1).&.).” ua}‘a_u‘ (NLP) aecdatt eulalsl asslal (Venn):)ﬁdafaz:3zsd$&

Aacdal) Olath Ad el 5005 :3.4 Jous

sielly L ¥ Ly c¥LaL 15 (NLG ) pmsdal | SLAL a5 a aixies
alel! sl auel ¥l algll e 508,501 2 (aliea¥l aeluyy gl 45 Las LT Cogill
Syuadl Adle

ASaig e Mandl daustd dds yudl cagagy ddlang 32 LaS ceusi @ Iy dalaiV Say
o liinl s @@l Busieg Tuauds 393 @A (ye

éﬁﬂd}mﬁ‘@&ml@%(NLG) w|&m|@ﬁw3)my‘o&:\ !
3__u__u1aa_5:v).]a_v Qyzg‘ﬁ&abﬂ‘ww;hyﬂlﬁ‘ﬂ‘éjﬂj ULC}” ’I'

cerslS oy

172



Y e (d dacdal) OlLall _d 43
Selection-Based NLG

degame duusd HLas ! u.l.e&.ul‘ gt e lall) 0l gs fpaiaty
Sy ‘,Laytuamum;uyubmtjnwxwmjs
PR RENES L gund .\Jy‘ﬁg&.a@.d\a.\.@ul (Q_LJJL» Lz
U.AuL/_uJ‘ ..\:-L' L@JYJ.!)j H‘dea.'ulc LA-L&.CZLB.JQ.A L@_y\
O ol Sy i) la il gy 29U a2l (g0 Legazma
e Al Rdgas 51 Lgs Gl ud Googenil alss 3 5l lin
oy w3 5L e Gl ualall o538 adsd UL S
uakll) Itis hot outside : (L ie el yLaadl oy 0 sl 30 cl®
5l >3 4 y3) The temperature is rising 5 .« (@Ls..m sl
(e uilay eil3u) Expect sunny skies . (g3
WY @lad le id) dacdall SN A5
Machine Learning-Based NLG

35 s &Y @,J‘,xnu“n Lndall LU 1S ey
Al oyl bl (e 8 S degerma e 119 @ las
o) adg 4Sas @5 (e iy il doLail 739 ol @ ay
(5SS 3 L sgimmlly gl 2 (g plnd! (ol didy (21 spud!
wulwubb);_ﬁaﬁuﬂ\ Lglli:\_d\_m)_.sie\_m-_g.‘il

ubuwfcs‘uhymw.ugm.\ﬁj ..\Jj.l‘u.a.d‘&
@Lu.‘»ﬂ A)‘}.Uj u:y).\.d‘

:(NLG) Zuarsdalt Glalll w93 ye g5 sl olin
1 9al (e i) Anemidal) SLALT it o5
Template-Based NLG

plil sl e i) dpmdall LAl sl ey
;3).' .\Jj_‘ll ol Gotimmag Aty S G 3ol (L Ilgd
oo bl Pl padl uidgil 3 3adxa uLnj_L;a_y gl oia
algall Gogunl myaumijwwt
tﬂ@jm‘\a‘y.\ﬁ“_;ﬁ‘mbu_n ‘..\.A}M).'.U)d.!u\_‘?_“
2 Gl (e e Ay e ) algll A giall alel
Las ratlall Do 5o 535 B« JUEL s e - a T3l il
Todayin [city]. itis [temperature] degrees: L LS g0
Ao [anati] 2 agdl) with [weather cohdition].
(osatalt W] 9 dagia [3,1 01 A 53] o 351 !
S i gal ‘,ch.«.m Aacdal) OLall Ades
Rule-Based NLG
dcgazma dclgall ‘_,_Lcu_._.ll Lol elall .,\_Jj.' “-\_\.7-_4_551.0
PR NS - DO | W Pvi La__u.n 535l acledtl oy a
S el Szt & S Lgally LSl e i o sl
Sale did Al Blocll Lany ol oISI sl 3uas
e Ba ! Sy eesad) delsdll ois aukid
e Bl A 3l gl (e (9S00 B Lo Saal]
il A Yy 35020l @ads 130k Gan 2y - aclsl
b g0

Using Template-Based NLG cd14al le Ad! dacdal) OLalt) A o3 afddiu!
st ;u\dzgasj,i‘js;f\:i\‘,wuawl g 2 Ve 039S0 By Lo davses 1530 e Sl Bndall il s
OB PUAPSAR T PR AL g 0 15301 Lo Gl Apmlall LA a5 ) svee S| UL Capangs ol
Lncalall T s Jamms 1m ol il (yo 5 5 ile gamme ol 30l uynp_\uuu))\,,.uﬂbu\whq\}m
23 yuS el i ol pa ] Al A Ll g9 ;u_vjmua_ﬁd}mjm;_i‘)u}_s:vd‘ pleall ol 5L s il u—“u—‘-‘i‘
Gl dlgall s Lad] oo daSladl alu Ll gus! Maammﬁm@ A (NLG) daacdal Olallt 0t 95 g3 4.‘.4_..“.»

RIPes] u.maoév\zl‘ alel ol 2 Leal sy ‘am\ O 23S 3duxa P oy «_'Ln.\s‘_a.Ua.u

Part of Speech (POS) Tags adSH aLuwdi aguw g

@

want

NOUN

upgrade

T

ﬁusn Al @ Alee e Jlia :3.26 IS

MR N d)_._. 4! «(Part Of Speech) AMSI ALudl oy
<Lt u—” a)uwuad\&uuﬂjump_du_b POS‘A}L@
‘QMSJ“:LH.@H:};@‘:MQ C’” lﬁ_).bj‘@@j‘ }Lqﬁj‘ La.au“tds.“

amwjuﬂlw&j&d (NLP) dacdalt Olalll dxtlas 2



Syntax Analysis JexJ! £ Uy lod

Oleal Clgall Lo Sl dapdall eulalyl .J._d}vﬁ_(POS) ‘:ys.s|f.m1‘=}ijl:. il uLgJ,,_q\ ;Lud.d:-uﬁ..\m.uu
alBMally Sl 2| ;1P|u4¢dﬂg|d@| oLy o iy byl Gagual] s e 15l 3,03
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omy Lae gl Jelall s asty Lee yum Sole 5o . Jadll Gle sty 531 ALl @uid 5o (Predicate) Jaatt

o Jaal! Mﬁdul AJ! @ud 5o (Subject) Jelatt o

Jadtl 5 il sl @il el ol (anall I iy yueds sl @l 3 (Direct Object) as Jsadt!

dans ol sl sl Aimgia o ) (Wonderwords) 3ayg9)igg &S LS oma sull pladll i
.Jlgall u.\.c;,.ul‘ dadall BB 0 e dliaY!

%%capture

!'pip install wonderwords
# used to generate template-based randomized sentences
from wonderwords.random_sentence import RandomSentence

# make a new generator with specific words
generator=RandomSentence(
# specify some nouns
nouns=["lion", "rabbit", "horse","table"],

verbs=["eat", run","laugh“] # specify some verbs.
adjectives=["angry', 'small’ ]) # specify some adjectives.

# generates a sentence with the following template: [subject (noun)] [predicate (verb)]
generator.bare_bone_sentence()

'The table runs.'

# generates a sentence with the following template:
# the [(adjective)] [subject (noun)] [predicate (verb)] [direct object (noun)]
generator.sentence()

'The small lion runs rabbit.'

535 3 33y Jadd alsid 53 e il Auagdall lall 0 g 2 hiviey o Lot o5l e YL At P,y
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Paraphrase() a1 fx
BLalS, AL 2 RalS Sl Joloh 65 - Jal (o e garma 15,38 (yn (35S0 ] Bl 2 a1l @ L
2 ey o) (WOrd2Vec) asitl 1 aelSt 3 gad il calgs ¥t aplital) @Sy . LW dgLite 5 500
Ao Lie 6 55T 2alS; Al 2 2 Jlaiiaals (WOrd2Vee) daslill I 2l 3503 g a3 - o Laadl )
AaSe a5 aasiod L) olia e Coinily (c\s) apples - (ixs) apple Jluiul i Le!
cAbad! 2aISI g AoV Al o el jall aplis @uad 3 yugidl fuzzywuzzy

Jan L Aringa Lgeuds A1 01

def paraphrase(text:str, #textto be paraphrased
stop:set, #setof stopwords
model_wv ,# Word2Vec Model
lexical_sim_ubound:float, #upper bound on lexical similarity
semantic_sim_lbound:float #lower bound on semantic similarity

DE
words=word_tokenize(text) # tokenizes the text to words
new_words=[] # new words that will replace the old ones.
for word in words: # forevery word in the text
word_l=word.lower() #lower-case the word.

# if the word is a stopword or is not included in the Word2Vec model, do not try to replace it.
if word_1 in stop or word_1 not in model_wv:
new_words.append(word) #append the original word

else: #otherwise

# get the 10 most similar words, as per the Word2Vec model.
# returned words are sorted from most to least similar to the original.
# semantic similarity is always between 0 and 1.
replacement_words=model_wv.most_similar(positive=[word_1],
topn=10)
# for each candidate replacement word
for rword, sem_sim in replacement_words:
# get the lexical similarity between the candidate and the original word.
# the partial_ratio function returns values between 0 and 100.
# it compares the shorter of the two words with all equal-sized substrings
# of the original word.
 ° lex_sim=fuzz.partial_ratio(word_1,rword)

# if the lexical sim is less than the bound, stop and use this candidate.
if lex_sim<lexical_sim_ubound:

break
e®®
'L X |

T 4 |yl
1 1 GJ'JQ fuzzywuzzy oS I ués fuzz )

ry of Education

- 1445



# quality check: if the chosen candidate is not semantically similar enough to
# the original, then just use the original word.
if sem_sim<semantic_sim_lbound:
new_words.append(word)
else: #use the candidate.
new_words.append(rword)

return ' '.join(new_words) #re-join the new words into a single string and return.

I

(.J;.C;n ol (ye i Lo slan ol 5o C}iﬁ:\)

oY e ;4 2 5 paraphrase () a5 @ed Ayl el ga¥ S 3l ywd L ma ol pladll ‘..xm_u.f
text el aidl o=l (Paraphrase) aéloattsle| 45y ,b C_).xi e Jeasi colisl

%%capture

import gensim.downloader as api # used to download and load a pre-trained Word2Vec model
model_wv = api.load('word2vec-google-news-300")

import nltk

# used to split a piece of text into words. Maintains punctuations as separate tokens
from nltk import word_tokenize

nltk.download( 'stopwords') # downloads the stopwords tool of the nitk library
# used to get list of very common words in different languages

from nltk.corpus import stopwords
stop=set(stopwords.words('english')) #gets the list of english stopwords

'pip install fuzzywuzzy[speedup]
from fuzzywuzzy import fuzz

text="'We had dinner at this restaurant yesterday. It is very close to my
house. ALl my friends were there, we had a great time. The location is
excellent and the steaks were delicious. I will definitely return soon, highly
recommended!"’

# parameters: target text, stopwords, Word2Vec model, upper bound on lexical similarity, lower bound
on semantic similarity

paraphrase(text, stop, model_wv, 80, 0.5)

'We had brunch at this eatery Monday. It is very close to my bungalow. All
my acquaintances were there, we had a terrific day. The locale is terrific
and the tenderloin were delicious. I will certainly rejoin quickly, hugely
advised!'
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# reads the input document that we want to summarize
with open('article.txt',encoding='utf8',errors="'ignore') as f: text=f.read()

text[:100] #shows the first 100 characters of the article

'It was a consecration, the spiritual overtones entirely appropriate.
Lionel Messi not only emulated '

(Lt o 11 2 2 2wl s el il re 2Sa al iy e dl] 55,3 il 2

import re # used for regular expressions

# tokenize the document, ignore stopwords, focus only on words included in the Word2Vec model.
tokenized_doc=[word for word in re.findall(r'\b\w\w+\b',text.lower()) if word
not in stop and word in model_wv]

# get the vocabulary (set of unique words).
vocab=set(tokenized _doc)
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Build_graph() zuufx
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# tool used to create combinations (e.g. pairs, triplets) of the elements in a list
from itertools import combinations
import networkx as nx # python library for processing graphs

def build_graph(vocab:set, # setof unique words
model_wv # Word2Vec model
DE
# gets all possible pairs of words in the doc
pairs=combinations(vocab,2)

G=nx.Graph() # makes a new graph

for wl,w2 in pairs: #for every pair of words wil, w2
sim=model_wv.similarity(wl, w2) #gets the similarity between the two words
G.add_edge(wl,w2,weight=sim)

return G

# creates a graph for the vocabulary of the World Cup document
G=build_graph(vocab,model_wv)

# prints the weight of the edge (semantic similarity) between the two words
G['referee']['goalkeeper']

{'weight': 0.40646762}
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from networkx.algorithms.community import louvain_communities
from collections import Counter # used to count the frequency of elements in a list

def get_communities( G, #theinputgraph
tokenized_doc:list): # the list of words in a tokenized document

# gets the communities in the graph
communities=Tlouvain_communities(G, weight="weight')
word_cnt=Counter(tokenized_doc )# counts the frequency of each word in the doc
word_to_community={}# maps each word to its community
community_scores={}# maps each community to a frequency score
for comm in communities: # for each community
# convert it from a set to a tuple so that it can be used as a dictionary key.
comm=tuple(comm)
score=0 #initialize the community score to O.
for word in comm: # for each word in the community
word_to_community[word]=comm # map the word to the community
score+=word_cnt[word] # add the frequency of the word to the community's score.

community_scores[comm]=score # map the community to the score.

return word_to_community, community_scores



word_to_community, community_scores = get_communities(G,tokenized_doc)
word_to_community[ 'player']1[:10] # prints 10 words from the community of the word 'team’

('champion',
'stretch’',
'finished"',
'fifth',
'playing’,
'scoring’',
'scorer',
'opening’,
'team',
'win')
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from nltk import sent_tokenize #used to split a document into sentences

def evaluate_sentences(doc:str, #original document
word_to_community:dict,# maps each word to its community
community_scores:dict, #mapseach community to a score
model_wv): # Word2Vec model

# splits the text into sentences
sentences=sent_tokenize(doc)
scored_sentences=[ ]# stores (sentence, score) tuples

for raw_sent in sentences: # for each sentence

# get all the words in the sentence, ignore stopwords and focus only on words that are in the
Word2Vec model.
sentence_words=[word
for word in re.findall(r'\b\w\w+\b',raw_sent.lower()) # tokenizes
if word not in stop and #ignores stopwords



word in model_wv] #ignores words that are not in the Word2Vec model
sentence_score=0 # the score of the sentence
for word in sentence_words: # for each word in the sentence

word_comm=word_to_community[word] # getthe community of this word
sentence_score+=community_scores[word_comm] # add the score of this
community to the sentence score.

scored_sentences.append((sentence_score,raw_sent)) #stores this sentence and
its total score

# scores the sentences by their score, in descending order
scored_sentences=sorted(scored_sentences,key=lambda x:x[0],reverse=True)

return scored_sentences

scored_sentences=evaluate_sentences(text,word_to_community,community_
scores,model_wv)
len(scored_sentences)
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for i in range(3):
print(scored_sentences[i],'\n")

(3368, 'Lionel Messi not only emulated the deity of Argentinian football,
Diego Maradona, by leading the nation to World Cup glory; he finally
plugged the burning gap on his CV, winning the one title that has eluded
him — at the fifth time of asking, surely the last time.')

(2880, 'He scored twice in 97 seconds to force extra-time; the first a
penalty, the second a sublime side-on volley and there was a point towards
the end of regulation time when he appeared hell-bent on making sure that
the additional period would not be needed.')

(2528, 'It will go down as surely the finest World Cup final of all time,
the most pulsating, one of the greatest games in history because of how
Kylian Mbappé hauled France up off the canvas towards the end of normal
time.")



print(scored_sentences[-1]) # prints the last sentence with the lowest score
print()
print(scored_sentences[30]) #prints a sentence at the middle of the scoring scale

(0, 'By then it was 2-0.")

(882, 'Di Maria won the opening penalty, exploding away from Ousmane
Dembélé before being caught and Messi did the rest.')
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Using Rule-Based NLG to Create a Chatbot
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%%capture
from sentence_transformers import SentenceTransformer, util
model_sbert = SentenceTransformer('all-MinilLM-L6-v2")
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QA={
"Ql":"what type of courses are you interested in?",
"A1":[["Courses in Computer Programming","2"],
["Courses in Engineering","3"],
["Courses in Marketing","4"1],

"Q2":"What type of Programming Languages are you interested in?",
"A2":[["Java",None],["Python",None]],

"Q3":"What type of Engineering are you interested in?",
"A3":[["Mechanical Engineering",None],["Electrical Engineering",Nonel],

"Q4":"What type of Marketing are you interested in?",
"A4":[["Social Media Marketing",Nonel,["Search Engine
Optimization",None]]

}
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import numpy as np # used for processing numeric data

def chat(QA:dict, #the Question-Answer script of the chatbot

model_sbert, #a pre-trained SBERT model

sim_lbound:float): #lower bound on the similarity between the user's response and the
closest candidate answer

ga_id="'1"' #the QAid
while True: #an infinite loop, will break in specific conditions

print('>>"',QA['Q'+qa_1id]) # prints the question for this ga_id
candidates=QA["A"+qa_1id] # gets the candidate answers for this qa_id

print(flush=True) # used only for formatting purposes
response=input() #reads the user's response

# embed the response

response_embeddings = model_sbert.encode([response], convert_to_
tensor=True)

# embed each candidate answer. x is the text, y is the qa_id. Only embed x.



candidate_embeddings = model_sbert.encode([x for x,y in candidates],
convert_to_tensor=True)

# gets the similarity score for each candidate

similarity_scores = util.cos_sim(response_embeddings, candidate_
embeddings)

# finds the index of the closest answer.
# np.argmax(L) finds the index of the highest number in a list L
winner_index=np.argmax(similarity_scores[0])

# if the score of the winner is less than the bound, ask again.
if similarity_scores[0][winner_index]<sim_lbound:
print('>> Apologies, I could not understand you. Please rephrase
your response.')
continue

# gets the winner (best candidate answer)
winner=candidates[winner_index]

# prints the winner's text
print('\n>> You have selected:',winner[0])
print()

ga_id=winner[1] # gets the ga_id for this winner

if ga_id==None: # no more questions to ask, exit the loop
print('>> Thank you, I just emailed you a list of courses.')
break
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chat(QA,model_sbert, 0.5)

>> What type of courses are you interested in?
marketing courses

>> You have selected: Courses on Marketing

>> What type of Marketing are you interested in?
seo

>> You have selected: Search Engine Optimization

>> Thank you, I just emailed you a list of courses.
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chat(QA,model_sbert, 0.5)

>> What type of courses are you interested in?

cooking classes

>> Apologies, I could not understand you. Please rephrase your response.

>> What type of courses are you interested in?
software courses

>> You have selected: Courses on Computer Programming

>> What type of Programming Languages are you interested in?

C++
>> You have selected: Java

>> Thank you, I just emailed you a list of courses.
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%%capture

'pip install transformers

'pip install torch

import torch # an open-source machine learning library for neural networks, required for GPT2.
from transformers import GPT2LMHeadModel, GPT2Tokenizer

# initialize a tokenizer and a generator based on a pre-trained GPT2 model.
# used to:

# -encode the text provided by the user into tokens

# -translate (decode) the output of the generator back to text

tokenizer = GPT2Tokenizer.from_pretrained('gpt2')

# used to generate new tokens based on the inputted text
generator = GPT2LMHeadModel.from_pretrained('gpt2"')
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text="'We had dinner at this restaurant yesterday. It is very close to my
house. ALl my friends were there, we had a great time. The location is
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excellent and the steaks were delicious. I will definitely return soon, highly
recommended!'

# encodes the given text into tokens
encoded_text = tokenizer.encode(text, return_tensors='pt')

# use the generator to generate more tokens.
# do_sample=True prevents GPT-2 from just predicting the most likely word at every step.
generated_tokens = generator.generate(encoded_text,

max_length=200) # max number of new tokens to
generate
#decode the generates tokens to convert them to words
# skip_special_tokens=True is used to avoid special tokens such as '>' or "-' characters.
print(tokenizer.decode(generated_tokens[0], skip_special_tokens=True))

We had dinner at this restaurant yesterday. It is very close to my house.
All my friends were there, we had a great time. The location is excellent
and the steaks were delicious.I will definitely return soon, highly
recommended!

I've been coming here for a while now and I've been coming here for a while
now and I've been coming here for a while now and I've been coming here for
a while now and I've been coming here for a while now and I've been coming
here for a while now and I've been coming here for a while now and I've
been coming here for a while now and I've been coming here for a while now
and I've been coming here for a while now and I've been coming here for a
while now and I've been coming here for a while now and I've been coming
here for a while now and I've been coming here for a while now and I've
been coming here for a while now and

# use the generator to generate more tokens.
# do_sample=True prevents GPT-2 from just predicting the most likely word at every step.
generated_tokens = generator.generate(encoded_text,

max_length=200, # max number of new tokens to
generate

do_sample=True)

print(tokenizer.decode(generated_tokens[0],skip_special_tokens=True))

We had dinner at this restaurant yesterday. It is very close to my house.
All my friends were there, we had a great time. The location is excellent
and the steaks were delicious.I will definitely return soon, highly
recommended!

If you just found this place helpful. If you like to watch videos or

go to the pool while you're there, go for it! Good service - I'm from
Colorado and love to get in and out of this place. The food was amazing!
Also, we were happy to see the waitstaff with their great hands - I went
for dinner. I ordered a small side salad (with garlic on top), and had a
slice of tuna instead. When I was eating, I was able to get up and eat my
salad while waiting for my friend to pick up the plate, so I had a great
time too. Staff was welcoming and accommodating. Parking is cheap in this
neighborhood, and it is in the neighborhood that it needs to
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# Generate tokens with higher diversity
generated_tokens = generator.generate(
encoded_text, max_length=200, do_sample=True, temperature=2.0)

print(tokenizer.decode(generated_tokens[0], skip_special_tokens=True))

We had dinner at this restaurant yesterday. It is very close to my house.
All my friends were there, we had a great time. The location is excellent
and the steaks were delicious.I will definitely return soon, highly
recommended!

Worth a 5 I thought a steak at a large butcher was the end story!! We were
lucky. The price was cheap!! That night though as soon as dinner was on

my turn that price cut completely out. At the tail area they only have
french fries or kiwifet - no gravy - they get a hard egg the other day too
they call kawif at 3 PM it will be better this summer if I stay more late
with friends. When asked it takes 2 or 3 weeks so far to cook that in this
house. Once I found a place it was great. Everything I am waiting is just
perfect as usual....great prices especially at one where a single bite
would suffice or make more as this only runs on the regular hours
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# Too high temperature leads to divergence in the meaning of the tokens
generated_tokens = generator.generate(
encoded_text, max_length=200, do_sample=True, temperature=4.0)

print(tokenizer.decode(generated_tokens[0], skip_special_tokens=True))

We had dinner at this restaurant yesterday. It is very close to my house.
All my friends were there, we had a great time. The location is excellent
and the steaks were delicious.I will definitely return soon, highly
recommended! It has the nicest ambagas of '98 that I like; most Mexican.
And really nice steak house; amazing Mexican atmosphere to this very
particular piece of house I just fell away before its due date, no surprise
my 5yo one fell in right last July so it took forever at any number on

it being 6 (with it taking two or sometimes 3 month), I really have found
comfort/affability on many more restaurants when ordering.If you try at

it they tell ya all about 2 and three places will NOT come out before they
close them/curry. Also at home i would leave everything until 1 hour but
sometimes wait two nights waiting for 2+ then when 2 times you leave you
wait in until 6 in such that it works to
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from import combinations #tool used to create combinations
import networkx as nx # python library for processing graphs
def build_graph(vocab:set, #set of unique words

model_wv, # Word2Vec model

similarity_threshold:float

pairs=combinations(vocab, ) # gets all possible pairs of words in the vocabulary

G=nX. # makes a new graph

for wl,w2 in pairs: #forevery pair of words wi,w2

sim=model_wv. - - _(wl , W2)# gets the similarity between the two words
if
G. (wl,w2)
return G
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from sentence_transformers import , util
from import combinations # tool used to create combinations
model_sbert = ('all-MinilM-L6-v2")

def get_max_sim(L1,my_sentence):

# embeds my_sentence

my_embedding = model_sbert, ([my_sentence], convert_to_tensor=True)

# embeds the sentences from L2

L_embeddings = model_sbert. (L, convert_to_tensor=True)

similarity_scores = .cos_sim( , )

winner_index=np.argmax(similarity_scores[0])

return
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