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

itk popt) (osmmstck o) 1

: . . A3 (o das yiucl! @l
print("The new stack after pop: ", myStack) L myStack-Pop() &l ¢y dex o2

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)

aqlenfmyStack) ( .- ) i o
print("size of stack",a) k’ww“}}’c"aﬁ“enﬂu“a
# empty the stack

for i in range(a): (
FEL AN N ey o
myStack.pop() = Pty

print(myStack) L (oSl (ya yusliall JS
myStack.pop()

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

[]
IndexError Traceback (most recent call last)
Input In [3], in O —

7 myStack.pop() uSeall o lastl ygbas

8 print(myStack) (ol yal *.-gcjﬁ@yﬂ

----> 9 myStack.pop() A ynic

IndexError: pop from empty list

IndexError . ,gal! Uas

mfmcd» M}L&Adﬂuﬂdﬁ‘ LJ.‘ALJ.L J}:-_gu.nd.md‘ LA_gJ;_Lu.\.: (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)
print("--------------- e ")
print("Choose 1 for push")
print("Choose 2 for pop")
print("Choose 3 for end")
print("--------------------— - ")
choice=int(input("Enter your choice: "))
while choice!=1 and choice!=2 and choice!=3:
print ("Error")
choice=int(input("Enter your choice: "))
if choice==1:
x=int(input("Enter element for push: "))
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]

o LS 3oleadl el ) 5
Al a5 e LIS Gl o
&Il 1 yenlinll Gl @
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uast I
raiall o v
uisti 1 —
v 23
aial| o
Quastl 3 18
d/ 18
26 26 26

Choose 1 for
Choose 2 for

push
pop

eobiall 250! 1,20 S
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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]

poliall fya el &J/m;ui {7;‘ @L&i)b)f&wwd»dj\as La.,\_;.ca_\z_).@l.a.,\.b\_&]gg

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

for i in range(a):

myQueue.pop(0)

print(myQueue)
myQueue.pop(0)

, myQueue)

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

IndexError Traceback (most recent call last)
Input In [61, in @)

7 myQueue.pop()

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

IndexError: pop from empty list
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Stack and Queue Using Queue Module
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.queueName dewl 12ua> el S5 | queueName=queue.Queue()

Dgllall X yniall (o queueName.put(x)

oplall @z Aoy sga queueName.qgsize()

e uiS cya S s tally yoslall ooal oSl pecaiall cbiiady  \2 pas queueName.get()

(Las) False iegdy  Lilias yeulladl olS Ol () True aeds g3 queueName.full()
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(Las) False aaally Lijlbjj_)ua_n OIS ol () True daiss 393 queueName.empty()
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from queue import = N

.,,,.m:bw;sinyqsy&.ua.ua.“‘.b.ems.\:.,n@s‘,:aem

myQueue = Queue()

# add the elements in the queue gl clad¥ adasdll Heulhadl 5us g ‘:.:\_:L"u.éu.u
myQueue.put("a") e
myQueue.put("b") selde JEL 1Da 2
myQueue.put("c") . . N
myQueue . put("d") (Queue) ygullalt ddaoadl 5usgdl syl ©
myQueue.put("e") g sl @S‘Jjae‘.\xu.uy
# print the elements of the queue : (“.sﬁf'ua) myQueue V“'”L' @Lb”"ua ‘L‘:""; °
for element in list(myQueue.queue): Dsslatl e od e b iasliadl dals| @
print(element) - -

(gllb) 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.qsize())

enter
enter
enter
enter
enter

12

23
Queue

queue
queue
queue
queue
queue

element:
element:
element:
element:
element:

size is: 5

from queue import =

myQueue = Queue()

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

)
)
)
)
)

12

23

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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.stackName dawl 1250 Lu.\s.iuuu stackName=queue.LifoQueue()
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from queue import =

(58 Jand uitSH 2 Ollaall O L8005

myStack = LifoQueue() (LIFO) ¥ i z 3 )5 Coliat  5.se et

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

)

) gllall 2o get Ay alusiiu! e

) ST (= (3

) GHacldatly sleniu ¥ Oldas Aduiiu
)

(FIFO) ¥ 5l yns ¥ 5f Caliak i urc 15

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

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

H Y TN QO ®

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.qsize()
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()

_.df printQueueSize ==
: 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.

'l 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.

!l The print queue is empty.
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# single node
class Node:
def __init__(self, data, next=None):
self.data = data #node data
self.next = next # Pointer to the next node

# Create a single node
first = Node("Monday")
print(first.data)

Monday

A 3L Gl 1 50 auimtadion 3 Ul o2ag 3l 34.2.2‘,1243:«:-.3 Uy yie 2518 s L) Lo AL 3glas]
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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

# list linked with a single node
Linkedlistl = LinkedList()
Linkedlistl.head = Node("Monday")
print(Linkedlistl.head.data)

Monday
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# single node
class Node:
def __init__(self, data = None, next=None):
self.data = data
self.next = next

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

# the main program

linked_list = LinkedList()

# the first node

linked_list.head = Node("Monday")

# the second node

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

# the third node

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

# print the linked list

node = linked_list.head LA S ‘. 2

whi'le node: - ( a.,\.a.co.nd.a_uﬂWhI'e a)L}.c ﬁ._\_zu..u
print (node.data) L S Al

node = node.next

Monday
Tuesday
Wednesday
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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 ks 2581 daiLat) (pe 3dall Gl
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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 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 = {

uau: ["b", "C"], #nOde

"b": ["d", "e"],

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

}
print(myTree)

{lal: [lbl’ lcl]’ lbl:
'd': [None, Nonel], 'e':

Data Structures

(Linear) (Non-linear)

—

[ldl' lel]' ICI:
[None, Nonel, 'f': [None, Nonel}

(ree) Corme)

_I
(Stac_k) (Queue)( Linked List )
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Tree Data Structure in Python
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[None, 'f'],
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myTree = {|["Data Structures"|:[|["Linear"],["Non-Tlinear]"],
"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"],
||b|| : [ll ll' “d“],

"c" ¢ ["d", "e"],
"d" : [1,
"e" : [1,
}
print(myGraph)

{'a’: ['b', '], 'b': ['ct, 'd'], et [Md, e,
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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 = {"a" : ["b","c"],
"b" : ["c", "d"],
"c" ¢ ["d", "e"],
"d" : [1,
"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

[('a" 'b')l ('a" 'C')I (lbll 'C')I (lbll 'd')l (lcll 'd')l (lcll 'e')]
The new graph after adding new edges

[('a" 'b')l ('a" 'C')I ('a" 'e')l (lbll 'C')I (lbll 'd')l (lcll 'd')l
ety e, (et )]
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def mySumGrade (gradeslList):
sumGrade=0
1=1len(gradeslList)
for i in range(1l):
sumGrade=sumGrade+gradesList[i]
return sumGrade

def avgFunc (gradeslList): Ul s le vl
s=mySumGrade(gradesList) .mySumGrade
1=len(gradeslList)
avg=s/1

return avg

aild len() s pusiud
s g bt 4‘}::».4.21 J.ALQ.;S

# program section
grades=[89,88,98,95] Aedlal 2 poliall sue
averageGrade=avgFunc(grades)

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

The average grade is: 92.5

Recursive Function 2.,/ 301 ¢ le il 431
ot a2 Lgcut 1 e oLl a2

(e 3 gl -(Recursive Call) 1,31 s le i ¥
ol e dul S clean I A8 ‘aL._H el el 9SG
g i
) # recursive function
recurseFunction() def recurseFunction():
if (condition): # base case
statement

else:
#recursive call
recurseFunction()

# main program

# normal function call
\l, recurseFunction()
).nsiﬂ
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4 11=1*1=1 | 1!
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41=31*4 I 4] = 4%3%2%1 =24 | 4l
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# 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
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# calculate the factorial of an integer using a

# recursive function
\ def factorial(x):
@* (2) w9 pinn > return 1
Y LA e O ) sl Ul
return (x actorial(x Sl
@*( (1) 2o s >) # main program
Y num = int(input("Type a number: "))
\ f=factorial(num)
print("The factorial of ", num, " is: ", f)
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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(1,n):
m = max(m,A[i])

return m

Aa il 13 juaiall MaX() ANl 7 il

.(myList 2 , S¥ 4Gl g3 yuaiall) , &Y

# main program

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

1 = len(myList)

myMaxRecursion = findMaxRecursion(myList,1)
print("Max with recursion is: ", myMaxRecursion)
myMaxIteration = findMaxIteration(myList,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 = numPower=*base

return numPower

# main program

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

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

print( "Recursion: ", base, " raised to ", exp, " = ",numPowerRecursion)
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
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Breadth-First Search (BFS) Algorithm
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FED CBA : s (BFS) lui¥ duslshs

A JEL1 2 (Python) osilad il (BFS) glusdft &y sl ols comad | due )l Guulad iSas S daan¥

graph = {
||A|| . [llBll'llcll]’
uBu . [“D“,“E“],

IICII . [llFll]'
" D " : [ ] ,
" E " . [ ] ,
" Fu . [ ]
}
visitedBFS = [] #Listto keep track of visited nodes
queue = [] # Initialize a queue
# bfs function

««def bfs(visited, graph, node):
.+« visited.append(node)



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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graph = {
"A" . ["B","C"],
IIBII : [IIDII’IIEII]'
“C“ : ["F"],
||D|| : []’
||E|| : []’
||F|| : []
}
visitedDFS = [] #list to keep track of visited nodes
# dfs function
def dfs(visited, graph, node):
if node not in visited:
print(node, end = " ") o e o
visited.append(node) J’»‘“)ﬁ“iv‘j‘s“‘jﬂ o
for neighbor in graph[node]: Juaaid ) e LAl juiSe yie 3 yalia
dfs(visited, graph, neighbor) g;aj(RuntimeStack)

A ,S elele !

# main program
dfs(visitedDFS, graph, "A")
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import json #a library used to save and load JSON files

2 a0 1oz
‘)c‘ u2lel o .
G DOOE # the file with the symptom mapping
g

symptom_mapping_file='symptom_mapping_v1.json'

l l # open the mapping JSON file and load it into a dictionary

o with open(symptom_mapping_file) as f:
3 2 T mapping=json.load(f)
# print the JSON file
s bl gy ulall Gagiedal) 2.8 JS print(json.dumps(mapping, indent=2))
aelgall le @Sl e libo¥ (1S
{

"diseases": {

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

]r

"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_v1(my_symptoms)

print('Most likely diagnosis:',diagnosis)

# Patient 2

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

print('Most likely diagnosis:',diagnosis)

# Patient 3

my_symptoms=["'fever', 'cough', 'vomiting']
diagnosis=diagnose_v1(my_symptoms)
print('Most likely diagnosis:',diagnosis)

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))

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

E

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'], &)
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

1] 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 a 0 a covid19
3 3 1 1 0 0 0 0 0 covid19
4 E 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 commaon cold
1997 0 0 1 0 1 0 0 1 common cold
1998 0 0 0 0 1 0 0 1 comman cold
1899 0 1 a a 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_) #print the possible target labels (diagnoses)
plt.figure(figsize=(12,6)) #size of the visualization, in inches
# plot the tree
plot_tree(my_tree,

max_depth=2,

fontsize=10,
feature_names=medical_dataset.columns[:-1]

)

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

fever <m 0.5
gini = 0.75
es = 1400
value = [354, 345, 358, 343]

//

sore throat == 0.5 sore throat == 0.5
gini = 0.6086 gini = 0.507
samples = 791 samples = 609
value = [354, 340, 71, 26] value = [0, 5, 287, 317]
runny nose <= 0.5 tiredness <= 0.5 sneezing <= 0.5 headache <= 0.5
gini = 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, 80] value = [0, 3, 52, 237]

/N /N L /N
I E E EEEEE

Crasiane ams (Gulall ~lilul) medical_data el degesl 5l yall 3 i g 3503 :12.13 IS

101



W_}M‘M&mﬁﬂ@&b@ﬁyﬁﬂj )‘).aj‘o)mua).cjﬁ_ujjplot tFEE()M‘AﬁM
.max depth).._ul\ plasiols Aggun @30 10 dans (S a1 Il dalsdl cdazs cnl syl

plot_tree(my_tree,
max_depth=2,

: Y e B3 : el g m e
fever == 0.5 dm|&t-uuu-‘-*ﬂ Um)l‘gﬂﬁ\.&)ﬂicjmdm )_':-_Eu.“&a.,\.a.cds
sar%‘;'..:zﬁm R yRgRvi| obilo 4egam=a ‘B—U-A-U-“ 1,400 suc ‘_,-‘L‘x}‘).\_:-..ﬂ °J—d£d—wd
value = [354, 345, 358, 343] c(ewlistt) Allergies & ljm 3434 3589 3455 354 g
(1 359La¥1) Fluy . (19-.248) Covid19y . (s, =¥ 55) Common cold,

sl e

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, 5, 287, 317]
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runny nose <= 0.5 tiredness <= 0.5 sneezing <= 0.5 headache == 0.5
=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, 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_data[ '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, 0, 0],
[ 48, 98, 5, 4],
[ 2, 1, 127, 121,
[ 1, 3, 31, 12211)



P PUUNTEINTET TIPS P UG [- NVEYCR P o (RYUL [ SUR VS P WM PR |

0 0 3 143 Aclaal ) dewlimt !
4 5 98 48 Adaall 3, d I SN 3D
12 127 1 2 Axal119- 858
122 31 3 1 Adaal) 15 9lay Y

Abaall YLy Radgill ¥ lonll 33001 Aagiens 12,14 JSit

e G Al Ll s JS byl | YLl e (sl Ol sl L;,_h.‘,J\ Lol 2 2l ala¥
zdeill slas s g a3l dasdl £5ls

Common cold  (iewlestl) Allergies] 4_\,‘,.._74\ Loy alaae sl cod s I il JBL Jw e
IR R ENY z 39—l Ol Adgiiall s [ (1 5sla3¥1) Flu . (19~ J..xﬂ}S)COVIdlg (.s)_._ﬂ ¥ i)
omlall (e L 31 Caiems 2 Uaal LS daaliamdls (gl @ily 3 pll ¥ 5 Ll (o 21 48
1918 gilias gl 335laYl

e ALl dn sl o0 e G e als 4] m_\ﬂ)_._.l|u_¢s Ldl.mu_u.dcaj_a_d\ ‘._\_Au‘u_n‘c_cj_”u_[cﬁ
Fio 3uad S dalasly . L.\J.M&_u_u.u‘ uﬁnoabuﬂul}.ﬂwmmmu\ .Lc\g.aj\d.cgmp.\a.u&.’éﬂ\
(‘)“)_a_” 5y u_,.m) DecisionTreeClassifier Aegill 1oV il yaia da s Atgloma (90 231 0lia
e @SLEI zage! ;545)3\_7_44:;54_;1|Mu&44u5 JJAQ-AM‘A’ z 35! 4B (s (S « Sl
AL sl 2 51, ol ey e um@uuu”b}wmgyt 2y aelgall



e 1gall e Aeilal Aatadi¥ | Lgie g Lilje yaay ,S5 o

S9Y 1yl Ligue g Litje Lo o

a.gmuubt,e‘m;,_»‘»_,su; Lins po Ao 15T e @il AltaY Jo¥ 1 o ¥l (ol ome ;| adadll I ol e
4(‘_,_@.;”) Fevery (Jlgw¥1) Diarrheay ((tadt a¥7) Abdominal paing ((s4at) Vomiting]
YL Gl S (393 S U Al ulall et f Le . [( ettt Jawhs 1) Lower back paing




SR BB Gyed 1B s pe JS pauedd 2 A gt! bl e ¥l sae @S (L Hlaw¥l 2 o
L5l She (193 @3 e | pladtl JAe 44 39 2 31 matching_symptoms_lower_bound

ST a0 e Laled (30 1g Jo¥1 Cmaan poll 1 3 cn3 81 S il LA Sl 12 e

L5l She (193 @3 oove | pladtl JAs

<&Jm“’ll‘;3m9‘£’3m“,11Jj;}\'|) AJ@.)L‘J'J‘.\.@;AJ Mb)‘ml‘}SMv&é#JLﬁgP:ﬁ.@ G
.(@‘)J'Ullwmb

106



Bt dasly

aatadt s yald

8 i) Comdt Orlea sl g

Gl ) Orlnyyl giv Orledal

Applications of Search Algorithms

i |( L@q‘mbﬂ‘ucbla.mY‘ (Gl MJQJYMJ)J‘L-!L!}S_L‘ .,\:-‘Hum]‘u\.‘.n))b}

4 dpaall 250 IS el B Lt Jalond! 3Ly Ratisell ¥ Lein W1 (Bl - Sas

@ ﬁ .k_JL.l_” u@))‘yu%ﬂ&@‘&f@}.o&ﬁ‘ uLa:u.Ia.d‘u.A

W yls st Gl 3iad)lgn iyl ausin o3 ;(Robotics) axigag It o
i BUa 2 LS asf adge woasit gl Aalill 4o

J Bgwd! g‘jﬁ‘: 5 :(E-Commerce Web5|tes) PPRep (F SN TFE [PV R

el g s Saadl ol Ludta w_.d_.ua.d comdl alia))lgr o, e

K ‘@)\%J‘My_db‘).a_‘.d‘ .Jmmu‘uaqdﬁju@]‘@uwjmﬁ}d‘
2
y PITN | FEAREH EL H{ el e PRRCH BN-i|

pusius (Social Media Platforms) elaia ¥t Juolgid! a8ise Slais @

LTS @ (ool “_.Luj.ux o) el slaadslon elan ¥l bl 13150

i ﬁm@\ cilalaialy o lall oL sy el le gty
¢ | Bylgt! (pa Jle (5 5imas Clat ¥ du jles (po VI (nSas ©

e—*-’u-ue :(Enabling a Machine to Play Games at a High Skill Level)

)

i* @(Go),_s,;\ ol ol oLl el Aadylsn elilas¥l (18200
! S9all I 635 Ol e (e Gl ilslasdl 5Lty Ratiet) culS o]

:(GPS Navigation Systems) tlall a8isll sioe alasiuls 4x St olai ®
@JJ‘FEL)’:E::‘JS Jss oot ] ilen sl ALl 305k 35m% Lo LAl 23U p_kjﬁm
A C&j—”l)ﬁj’;‘ Z\SPQL'.LU dlel ya pa Mﬁﬁ@;@)}gtﬂb)_‘&‘

G dl @lad)les ansias 3 :(File Management Systems) Slalti 3yl ‘ua.' .
oang calll Gotimay @l alustiwl clalll g 340 _s._'_xzdg_.La.mo)l_si‘dm&
Y alewd!

Types and Examples of Search Algorithms (gitiel g Comdt Sl )y g £1951
.(Informed) 3,.5:..“:1!3 (Uninformed) sjzcau.i!ﬂé:m} coedl bl e Glady Hlegy WIlin

Uninformed Search Algorithms s,._«;:m:tu._é G Slea )yl g5

Balinl cileslas e 513 ¥ Gl lls o s buaadl mdl ciluadlgn L] Ay 3 puiied| ol o] ciluadslss
ALl Jals i oy by ilia sl g3l o2 gty leﬂwnwmujw Ll A atl eVl Jo
agtgls iy (BFS) tmyu_),:j\.’mo...mul_*m Jady . La.y.mo:.\.zl\ J_c‘jd‘u_nujwuﬂ 130l e
5 iyl ] cluadslgn e Alial L3l Gyl 2 gl 5LadT (DFS) Gaalt




gastig daaxll 413 5 &Il 53l 5uze e (DFS) @.uua_.,:jtmua_@,‘pim‘dmuwu_\g
ol Ao L eyl 93| waied oo Ak pdall gy ¥ alicass u_a;a_.ﬁju.dld_m‘z'l M,JJJ_@..‘_,.Q
G gl o Al tn ) LT By 0 2031 Jond] 2,55 82 M\JSUM.\.,_»L@.“SL
lasg el w3l cpe Haidl B yiny L@w\H‘Mu&mYJM‘}QJ\oML@J s 5 (DFS) Goatt 2 gt ol
B peiinis yud Auadslsa Lglamy Lo

Goal) (651 S Guoad) Ay gt s ol ) 5 algadylinll (poo il s (e g mle 5 5T YLk
Comdl oa )l g3 o Loy e Loyl | Sy 3 (Iterative Deepening Depth-First Search - IDDFS)
pe 2ol 5T e ol 5l nii 3 g (BFS) L1 dghgls ooty (DFS) ot g1l
Ba8ad 30md I Jua i 5 ,Sa 3 ygems JalSI BUATI 2 536 oLl el 5L

ALY LN AN Informed Search Algorithms s , caut | e 31 Sleay 5195

(Heuristic Function) ~ puisd 13 piud| yut e Slaedols G o2l e
e <\_‘>Lum_9 A atl Jo culaglall o).u_u.ul‘ Gomdl el ylen
J.a.u.u c_nLLA))‘}:-J‘ a.m‘_,lc &wy‘j .c_;..z_n.n ddac 4..1:{9.41

2 5l Ga sl 3l A0 s
:«.\;,.ods_\_;.m_‘&m cilgad g
el a3 lnw! Ae ut;ﬁw (A* search)d_.aamu,:,ummu”t,, J
Sl ole ddie 300wl a.md\jm)l\ M‘womdsw@u‘)_’mu‘XM‘
@33 g Al apant 5, agul Bl o Szl a b M—M-“@wyp—m‘ﬁ-te-wi‘
Sl 3y idas e (A¥search) Juad¥iagglgh oot ide);lss
Yy Jt&@:azsm JEL S Sle adY WY Ldls
eyl g3t et uJLJL‘g“J_\.ng o adeall Aol ol o))
J.‘as‘z"}am))b,d\ c_qLd\ Jodl HeSe Y LB el Loy A Jadl e
.zﬁjas.ds;ﬁ?qm\ujlazmﬁmwtuk;@am@wy(mjkstra sAlgorithm) (,owsSas aca)ylga ©
adeall 2aliull (Dijkstra) | )5S due ) s o« Juaa¥l Bughsls el Bun )3 (o Gl e ccliidy
RIPS FPN P IORN WS I PENPY L W RSO IT T S PEN R VNN PENY DU NPRE T, R JCN PURT--L PWES WP P
(Congll i Bl (o e Ll Mltias ) Lags Sl ol e giall oyl iy il 01 ¥
555050 8 gt Jol 14 el 5l 5 uJtﬁ_;w;,\41544‘|.L¢4(Hi||CIimbing)‘,um‘i.fi.ms:\.u.,,‘,:. .
J=d! Alm‘u_nm.ﬁy&\_uz@.d|a..\_Au|u_nﬁ_c)JL3 o;m&\.d)’m\ u‘;wwmu\ﬁm sl
LSy Bian gl e Lgandad i 3y Allady juatiy daill Algu Lgil W1 o JiaY)
(8 s00rch) e ot
RYCIY VERT
B iyl
5 A LS
S A3t g clguamd
YL {RYG
Al s o

PO (YL (I
Loty 1 Bugl a8 9o
Oald) Sid LAY
Sl Jiad ;oM
cAde Hgiall @d gl

| S Aa 3 lgn g Jund¥l glsly ol Buadlsa alaimialy Lgeds Aalitl > 12,16 U<



duadslss (BFS) glus¥t wstsls ol 219 e sl wlagdasy 25,1 ALYl Gy sl Busgllo2a 2
23yl yud g5 puiieall e 1 e dslen oo calaMaa Yl 35 ,el (A™ search) Jad¥ias gt ol comd!

Caagll
Ll

G Aalie 5a1:2.17 U<

O9iald! Aawl gy ABLLY LAY ¢ LIS
Creating Maze Puzzles in Python
3x3 St Lol 3500 2 Aalill (33

Al e Sl 2 demiy 2lau) pige 23
35l Aadgad | U311l Js sl sa Lo gl
s ol A eyl e D ¢ Sang X aedally
gjl_ﬂl dadgl Sjjl%n el

Satgodt Ll a5 L 3 e (55105 2,17 S22 Am gl Al JL1 i e -3l le (g5 o 131 25l Bulaud] 04553
e S (4 Sang X gl I Jgemgll 239l e S e oomy LSSLe JSAT g3La 01 0y ULy &30 gl o20a . (Blocks)
I S e 02,18 (ISl 2 yglay LS Lol gl 35koma 25l 2l g 1 (6 pdad ol ol y o ol Sy JLasy)

0 <. A 77 0
~ -
So ! Pl
~ ! -
< | P
~ -
~ | -
~ | -
1 ) . 1
- ~
- ~
- 1 ~
- ~
P | ~
- T <
1 | ~
- 1 S~
- 1 ~
- | ~
L v P

0 1 2

Gl dadsl 3 5lm e B 5Lo Bl (T I (g3 ol s o 20 (It il e DU (1S00 12.18 U

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
bIOCksz[(ly 1)1 (21 1)1 (21 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.],
(0., 1., 1.11)
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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

sl Jen ALl D1l a2xnd

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
neighbors=[]

x,y=cell

# for each adjacent cell position

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

for i,j in [(x-1,y-1),(x-1,y),(x-1,y+1),(x,y-1),(x,y+1),(x+1,y-1),(x+1,y),

(x+1,y+1)]:

# if the adjacent cell is within the bounds of the grid and is not occupied by a block

if i>=0 and j>=0 and i<len(maze) and j<len(maze[0]) and

maze[(i,j)]==0:
neighbors.append(((i,j),1))

return neighbors

3alny @iy Lyl ol Lol of Lzl clgan 3 55lome 65500 11 2lss (e JLa31 A liae JS O i O )i
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0 1 2

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

[((1, o), 1)]

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

s £
oot

# this cell is the northwest corner of the grid and has only 2 accessible neighbors
get_accessible_neighbors(small_maze, (0,0))
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Using BFS to Solve Maze Puzzles
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def reconstruct_shortest_path(parent:dict, start_cell:tuple, target_cell:tuple):
shortest_path = []
my_parent=target_cell #start with the target_cell

# keep going from parent to parent until the search cell has been reached
while my_parent!=start_cell:

shortest_path.append(my_parent) #append the parent

my_parent=parent[my_parent] # get the parent of the current parent
shortest_path.append(start_cell) #append the start cell to complete the path
shortest_path.reverse() #reverse the shortest path

return shortest_path

Jiad ¥ 4 of gLy Gt dia )yl gt St sl saled Lyl reconstruct_shortest path() als ﬁm
get_accessible_ neighbors () cutf ol u_.)_._.uﬂ)_!a_dbj ool a2 LAl LG_J\)LM.U(A* search)
1Al g= il le bfs_maze_solver() als 2ai ‘_)s.n:\ ‘u_u_m\.ml\ 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]

+CoSst:

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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def get_accessible_neighbors_weighted(maze:np.ndarray,
cell:tuple,
horizontal_vertical_weight:float,
diagonal_weight:float):



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)]: #for diagonal 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,])]==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,])]==0:
neighbors.append(((i,j), horizontal_vertical_weight))

return neighbors
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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
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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
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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), (o, 1), (1, 2)]
Cells on the Shortest Path: 4

Shortest Path Distance: 3

Number of cell visits: 12
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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,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag_w),

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

Shortest Path Distance: 5

Number of cell visits: 12
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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

Aaliell A ] gl | By 2l adl 4us:2.23 < big_maze[block]=1

(aulodl 21s) start_cell )

‘_,_H dﬁ—@}‘-' LAJ)\AJMMJ‘UJLUJ_HJCQPJS_MUJLPBAJ‘UJMUJLLg}m 15x15 MLLU&..\.A
«_«:-..;J‘Ld:-..ﬂabb (BFS solver) tLu.»Y' 4.}3.'}\.} M!Ld}.ﬂa!_ﬂ‘am ‘c_s XMl J..\.'zl‘ caugll

samdl 3, Aalill o2 (e Lighsll yud g Eighall il slas¥l Jt (A* search solver) Juad¥ias gl 5Ly

Larget_cott-(5 1
target_cell=(5,10) 0988 sl iy

solution_bfs_unw, distance_bfs_unw, cell_visits_bfs_unw=bfs_maze_solver(start_cell,
target_cell,
oBee big_maze,
e get_accessible_neighbors,



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('\nA* 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

A* Search unweighted with a constant heuristic.

Shortest Path: [(14, 0), (13, 1), (12, 2), (11, 3), (10, &), (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

start_cell=(14,0) 0959t Hluw ¥
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('\nA+ 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), (11, 4), (11, 5), (10, 5), (10, 6), (9, 6), (9, 7), (9, 8), (9, 9), (9,
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, o), (10, 0), (9, 0), (9,
1)] (91 2)] (91 3)] (91 4)] (91 5)] (91 6)] (91 7)] (91 8)] (91 9)] (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
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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)
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def manhattan_heuristic(candidate_cell:tuple,target_cell:tuple):

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

astar_maze_solver() eed S J¥au¥ 12 alaseiwl 45180 HLasY Ll G ome pdl pdadt] addeiy f
Agdell yud o Lgdall ¥l e JS Byl IS cmdl 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('\nAx 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)



A Search unweighted with the Manhattan heuristic.

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), (5, 11), (5, 10)]

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 865

A 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
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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

( Bl Sl e Ageidl Bl doetlasg 321 a0 ‘z..\..:x_luﬁ 5 >ads A5n o Gl il Ae )




# 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

- Ol 3.3 S all 2w LaSy
0 |grew up (b. 1985) watching and loving the Th... 0 DataFrame =lily dcgexs
1 When | put this movie in my OVD player, and sa... 0 Omdgee Lle (ggim
2 Why do people who do not know what a particula... (1] (“:‘-'.:’:‘-”u;-' N
a Even though | have great interast in Biblical ... 0 (u_u;_”) ﬁ-ﬁd‘ R
4 Im & die hard Dads Army fan and nothing will ... 1
39995  "Westem Union® is something of a forgotten cl... 1 b= @ )
39996 This mavie is an incredible piece of work. It ... 1
39997 My wife and | watched this movie because we pl... 0 ( ud-w@#m )
39998 When | first watched Flatliners, | was amazed.... 1
39999 Why would this film be so good, but only gross... 1

Lol Lo i3 0 el
40000 rows = 2 columns Lﬁub‘ U Jies 1 el Leia
Bgiall oyl bl Aegeme 13.3 JS T ) -
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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']

2 5ale Y X O oyt Actinions

SLL (e X peasd da gt @lacl|
# extract the labels from the 'label’ column for both training and testing. uatt e Yo (gualt ats ot
Y_train=imdb_train_reviews[ 'label'] JAd gl !
Y_test=imdb_test_reviews[ 'label']
X_train_text #training data in text format

0 I grew up (b. 1965) watching and loving the Th...
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 have great interest in Biblical ...
q Im a die hard Dads Army fan and nothing will e...
39995 "Wesatern Union™ is something of a forgotten cl...
39998 This movie is an incredible piece of work. It ...
35997 My wife and I watched this movie because we pl...
39998 When I first watched Flatliners, I waz amazed....

394993 Why would this film be so good, but only gross...
Name: text, Length: 40000, dtype: object

DataFrame cLly fegams (e (X___train___text) co,uil atial (e 3550 :3.4 IS5 136
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CountVectorizer 31af
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: (Vectorization)
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duaidl l Oy degama g 2 CountVectorizer 1. ‘a,\_w_._uf
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1 | do
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"I like oranges, do you like oranges?" - 2 | ke
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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_vi.fit(X_train_text) #fit the vectorizer on the training data.
# use the fitted vectorizer to vectorize the data.

X_train_v1 = vectorizer_vil.transform(X_train_text)

X_train_vi1

<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_v1_dense=pd.DataFrame(X_train_vil.toarray(),

columns=vectorizer_vil.get_feature_names_out())
X_train_v1_dense
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40000 rows = 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_v1_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_vi1_dense
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Building a Prediction Pipeline

Al 5l ol gty ool il Juied (e ciSiad ol oas O3
clatall fpe legh auiiaio ol alially . g5V 5ol ool das Ly o
puius e« (Naive Bayes Classifier) zaludt jubs u_«.ni i
Sl il 2 35,1 g 01 3ol el yLatl ol calalS e ¥Lain ol s
@l 2 (Naive) galudt 4alS Gela Lduma caguas I a5l JLw.L'
BalS (g 3935 (oo s ) 2 Lglms BalS 355 0l (ol 301 (o L Bl
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O dSw 4GS0 0y e (Multlnomlal NB) zslwd! ol Caas Gl LA ma pdl pdadl] @i
uL@:_AL IMDb oyl bl e 4s sl ﬁ_\,_hn 3903 cayuut (Sklearn Library)

from sklearn.naive_bayes import MultinomialNB

model_vi=MultinomialNB() # a Naive Bayes Classifier

model_vi.fit(X_train_vi1, 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_vl = make_pipeline(vectorizer_v1l, model_v1)

it 09 o lm¥) @umill 1 03,01 Lgid a3l Agaimn o oma pul) o bl 1 s < JU Jes e

1 tbedd!

prediction_pipeline_vi.predict(['One of the best movies of the year. Excellent

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

cast and very interesting plot.'
'T was very disappointed with his film. I
lost all interest after 30 minutes' 1)
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prediction_pipeline_vl.predict_proba(['One of the best movies of the year. Ex
cellent cast and very interesting plot.'
‘I 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_v1 = prediction_pipeline_vil.predict(X_test_text) # vectorize the text
data, then predict.

predictions_v1
array([o, 0, 0, ..., 0, 0, 0], dtype=int64)
u,.uws..umuﬁ(Confusmn Matrlx) .u!m}mmwjuﬂls_umuﬂaccuracy score()

F1 b)JQ.uLumj L‘Lu.uLu:-J‘j LM}A‘}L;LCM}”} cAasudl: ‘_J.m‘_g).:ﬂ sQ_LLaJu.LLULML_‘L_LAj (SCIkIt PlOt)

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

0.8468



%%capture
I'pip install scikit-plot; #install the scikit-plot library, if it is missing.
import scikitplot; #importthe 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_vi],
s o title="Confusion Matrix", #title to use
~Aadgiall @uall cmap="Purples", # color palette to use

figsize=(5,5) #figure size
IE
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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_v1l = 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_v1.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))]

35a0 2 Malak Jia AalS ST Al Laall 3yl 3 pdiall Lailasll
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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."



145

# 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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Improving Text Vectorization
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%%capture

'pip install nltk #install nitk

'pip install gensim #install gensim

import nltk #import nltk

nltk.download( 'punkt') #install nltk'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.

: (Tokenization) m.wwad!
(lalS Jio ol 3ol M Apa il bl i dglac g dundy

Detecting Phrases Oif yladt dodsn
Sdme Aliiwe @il a_*a"ﬁ\ﬂzum)l plasiwl (S
IS il (S o ALl Sl (e A5 1B )

.(Tokens) 3ga 21 Lgule 3 21 yuolicg d3ayg e bon )
( ) 39t Leule llay g )31 puolie g 3garg e oy LS e a5 Rl Alen

# convert a given doc to a list of tokenized sentences.

def tokenize _doc(doc:str):

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

ﬁ:ﬁsent_tokenize() als
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sent.lower()) for sent in nltk.sent_tokenize(doc)]
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(e
‘tokenize_doc() &l aluiiuly @il le Ylie ol
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'],
['i', 'fell', 'asleep', 'after', 'the', 'first', '2', 'hours']]
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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,e
connector_words=ENGLISH_CONNECTOR_WORDS,Q
scoring="npmi',
threshold=0.25).freeze() o
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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: # foreach 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 oL ¥y oyl culeds (e JS uwdit annotate_phrases( ) atls Ll ome pull pladl) ansiwn
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# 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
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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( , )
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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

) pr.i-n-t(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): #foreach 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(xmerged) #separate them again into individual lists.
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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 o guaidl 4B LY done yd1
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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
I'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();
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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)
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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 19yupnoigie|A431LJL%93])&}J‘
Buslgded Il il dgatall B (ogadll

Adjusted Rand score: 0.4630492696176891
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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))
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Adjusted Rand score: 0.45628412883628383
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import gensim.downloader as api

model_wv = api.load('word2vec-google-news-300")
LS S day 5 3l 128 fox_emb=model_wv['fox"']

,J_,jgoobﬁbggﬁ ey print(len(fox_emb))

300
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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'),
]
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
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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 nitk 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.
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def get_sample(bbc_docs:list,
bbc_labels:list ] )
): A(0g9550) are 9 (0s2) is 9 (J1) the o (1) a oo (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

.w.ord_sample=get_sample( bbc_docs,bbc_labels)
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%%capture

I'pip install sentence_transformers
from sentence_transformers import SentenceTransformer

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

text_emb = model.encode(bbc_docs) #embed the BBC documents.
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tsne = TSNEVisualizer(colors=['blue', 'green','red',  'yellow', 'brown'])
tsne.fit(text_emb,bbc_labels)
tsne.show();

TENE Projection of 2225 Documesnks
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plt.figure() #create a new 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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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 2Vl 353ttt cadlic 5 (e pumenll suall alaiialy Lgsses salel @5 ud eliladl cols (3]
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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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from sentence_transformers import

from import TSNEVisualizer model = ('all-MinilLM-

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

docs_emb = model. (Docs) #embeds the docs
tsne = (777 =['blue', 'green','red', 'yellow'])
tsne. ( , )

tsne.show();
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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'], =1)[0]

new_sentence+=

-sentence=new_sentence.strip()
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%%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.'
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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

):
words=word_tokenize(text) # tokenizes the text to words
new_words=[1 # 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_1l 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

( fuzzywuzzy a8 I s fuzz )




# 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.
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%%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 nltk 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 '

iy L) bt gl 2 Sl s el sty 1@ B3Se alaimianly il 3050 Al ol 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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# 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 wi,w2 in pairs: #forevery pair of words wl, 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 0.
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'][: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: #foreach 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] # get the 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=1lambda 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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Load the Pre-Trained SBERT Model
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%%capture
from sentence_transformers import SentenceTransformer, util
model_sbert = SentenceTransformer('all-MinilLM-L6-v2")
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QA={
"Q1":"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",None]],

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

}

Chat() ats fx
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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"' #theQAid
while True: # an infinite loop, will break in specific conditions

print('>>"',QA['Q'+qa_id]) # prints the question for this ga_id
candidates=QA["A"+qa_id] # 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)
-y # 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 qa_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

I'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 1is
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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



bl b Lasd Ailo Lt | Aot |y dmmmial | Aot f sl

oy Qbkuu.nsﬁ&nsakjm;_..\h]:omy‘ ‘ql.:.u.\g:,.._.l!w\ S HI adgl 1
.?L_.uL‘.u.ﬁ.” J)‘j—“j

-(POS) a8 aludl aguus (o g5 58 Jall .2

Jrmtl)  Jmt g3l e it A pmlall Ll st Jaandl Ly Juloia 3
(POS) em‘ ﬁLA.uB;‘ e}mju.ca.\.‘a.a_m 3 ygis

s st tl eslolSt Bl Jatl aaall walic oa ciliaatl 4

AoLial g Wy BN lagonn s 1331 LalS 1S3 38T L8350l cagag) s .5
.3.2.).!.1‘ 3..\.:[5 U‘”;

(NLG) Zacdalt SLAL o 933 Ralisd | Silagid | G )18 e

((NLG) Zacdalt SLAL o o2 Aalisne Slicdad &5 sl e




AolSI zagang um‘w B3iwe Oils oae build graph() PR NS (R - P ‘,:u“,_m,.m &.’a.al‘ gy °

9 O e Baisdl Sl yal | 2 AelS ‘JS.J Bulgd sude &> datase o u)-\.&! (WordZVec) 4.:'-.«1‘ ‘_,N

LLa g giwe (o ST (Word2Vec) M‘unmsn@}u alas oIS ‘a!wmw_aul:-‘,.tcda.!a:.l!
gl e O3l Il (1 9ST ¥ g (olaal

from import combinations # tool used to create combinations
import networkx as nx # python library for processing graphs
def build_graph(vocab:set, #setof unique words

model_wv, # Word2Vec model

similarity_threshold:float

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

G=nXx. # makes a new graph

for wl,w2 in pairs: #forevery pair of words wl,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-MinilLM-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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Black-Box
predictors

Chatbot
Cluster
Dendrogram

Dimensionality
Reduction

Document
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Natural Language
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Natural Language
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Transfer Learning
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