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

rimamac o). (s s

: . ; T S R, i i)
print("The new stack after pop: ", myStack) k. myStack.Pop( ) 415 (e das ieiall @udl
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)
aslen(myStack)
print("size of stack",a)
# empty the stack
for i in range(a):

myStack.pop() » AR :
print(myStack) A BAN O il (5

myStack.pop()

oSl Jolo i pal leN D) 2 s

ikl a1l 1 ditans

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

size of stack 4

[]

IndexError Traceback (most recent call last)

Input In [3], in < Line: 9>()
7 myStack.pop()
8 print(myStack)

----> 9 myStack.pop()

IndexError: pop from empty list

IndexError . ,gatl Uas
dia puaic (Bl Ejjl_ﬂ-_,ud._tauu:ﬂ1 2 yuolic 3929 e Basill Lags wlile . (Stack Underflow)

30
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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("-=--=--cmeem e m e ")
print{"Choose 1 for push")
print("Choose 2 for pop")
print("Choose 3 for end")
Print( " -------mmmmmmm e =)
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 choilce: 1

Enter element for push: 23
The stack so far is: [26, 18, 23]

Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 2

The pop element 1s: 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 1is: 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(8)

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]

eoliall cya pgallatl § a8 T gl Gl uf5la yalle (pa yumie Bl Jolod Losic iy 13 La aalis SO

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

ya)

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

L]

IndexError Traceback (most recent call last)
Input In [6], in 11 lin ()

7 myQueue.pop()

& print{myQueue)
----> 9 myQueue.pop()

IndexError: pop from empty list
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Stack and Queue Using Queue Module
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aas ylall
.queueName dew! lasas 1alls S queueName=queue.Queue( )
wgellall X aiall (auis queueName.put(x) |
pplall @oes daydy sgal queueName.qgsize( )
udSLY Sy pab W puadially youllall fus Jo puniall cBimSy el queueName.get() |
(Llas) False dedy Lilias ypullall IS ) (pmmin ) TrUE dayis 353 queueName.full()
138 iSU e Lgaudad (Siasg <L 5Le y5llall oS )
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from queue import * e \

.jﬁM'jhu;d'yﬁtd sgelall ddae T oo o1 adl ulo p..h.t-l'u...ﬁ

myQueue = Queue()

# add the elements in the queue bl cLESY Adaoidl Heullall 3o g Iﬁ-:b_-'l;M
myQueue.put("a") P —
myQueue.put("b") relde JELN 08 2
myQueue.put("c") i W 2 s
miCiiEUe. patl ign s (Queue) jaalall 4 dacill asgll ol ,n .l o
myQueue.put("e") Splll Gk alaznly
# print the elements of the gueue ’ {E.s"}j"un} myQueue 'f“"'"b &Jb"&'u” eiial B
for element in list(myQueue.gueue): oeolall e wd icib iawoliall Gl e

print(element) (o3:ll) myQueue
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from gqueue 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.gueue):
print(element)

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

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

12

23
Queue size 1s: 5

Lities al L5 5ttt (1S 13 Los amall Leals o &0

from queue import =
myQueue = Queue()

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

checkFull=myQueue. full()

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

print("Is the gueue empty? ", checkEmpty)

Is the queue full? False
Is the queue empty? False
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4 pdat

.stackName dew! 120> oy S | stackName=queue.LifoQueue( )

,J.:ssﬁ ;,.aﬁs.‘:s‘l emniall (B0 stackName.get( )
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from queue import =

(58 head uoSd) 2 Srlidealt 5,805

myStack = LifoQueue() (LIFO) ¥ gl z 333 1y alial! Guclas

myStack.put("a")

myStack.put("b")

myStack.put("c") :

myStack.put("d") A asldally sle w1 Sldes Widulu
)

myStack.put("e"

3dllal) ae get A la alusiu! Lie

(FIFO) ¥ gi 7 y5s ¥ g 8liak | 5o (3

for 1 in range(5):
k=myStack.get()
print(k)

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

o B T Y i TR = S

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.gsize()
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 gueue.")
printQueueSizeMessage()
# print a document from the print queue
def printDocument():
printQueueSize = printQueue.gsize()
if printQueueSize ==
print("!! The print queue is empty.")

1
2
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print()
return
printDocument = printQueue.get()
time.sleep(1) # wait one second
print ("OK - ", printDocument,
printQueueSizeMessage( )
# print a message with the size of the queue
def printQueueSizeMessage():
printQueueSize = printQueue.gsize()
if printQueueSize ==
print ("There are no documents waiting for printing.”)
elif printQueueSize ==
print ("There is 1 document waiting for printing.")
else:
print ("There are
print()
# the main program
# send documents to the print queue for printing
addDocument("Document A")
addDocument( "Document B")
addDocument( "Document C")
addDocument("Document D")
£
F°
G

is printed.")

, printQueueSize, " documents waiting for printing.")

addDocument( "Document
addDocument( "Document
addDocument("Document
printDocument()
addDocument("Document H")
printDocument()
addDocument( "Document I")
printDocument()
addDocument("Document 1")
addDocument( "Document K")
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()

Document A sent to print queue.
There 1s 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 walting for printing.

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

OK - Document A 1s printed.
There are 6 documents wailting for printing.

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

0K - Document B 1s 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 waliting 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 1is full.

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

0K - Document E 1s printed.
There are 5 documents waiting for printing.

0K - Document F 1s printed.
There are 4 documents waiting for printing.

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

OK - Document H 1s printed.
There are 2 documents walting 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 # Pointerto the next node

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

Monday

I 35LE I Gl 1 bihe adinioadian 3 L) o0y (3uton 3 5k e gy Ayl yie 30315 Ll L 3001 3glasnll
g a5

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

# linked list with one head node
class LinkedlList:
def __init__(self):
self.head = None

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

Monday



e 0o )

# single node
class Node:
def __init__(self, data = MNone,
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

eyt ASLEN 1 adall fye s 3t) oW G

next=None):

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

# the third node

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

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

( 5a3e 2pa  J2it while 3 5Le 1&.33;...5

print (node.data)
node = node.next

Monday
Tuesday
Wednesday

R
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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 akasf 2ol t AeiL3N e 3AGal) Al

Ayl 3udall LB LUl 3Gl s N1 Lgaim 31 U1 3aall Guud 31 3adell pd5e e lle abe Chian)
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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 MNone):

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 1ist = 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

.
"">

m node.next node.next.next
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["b", "c"], #node
[Ildlﬂ' “E‘I'],

[None, "f"],
[None, None],
[None, None],
[None, Nonel,

print(myTree)

{*at:

'd': [None, None], 'e': [None, None], 'f': [None, None]l}

['b', 'c'], 'b': ['d", 'e']l, 'c': [None, 'f'l,
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Data Structures myTree = {["Data Structures"|:[|"Linear"}|"Non-linean"],
"Linear":["Stack","Queue", "Linked List"],

"Non-linear":["Tree", "Graph"]}

for parent in myTree:
[ Linear i(:}ﬂnn-ﬁneaf:> print(parent, "has",len(myTree[parent]), "nodes" )
for children in myTree[parent]:

‘ print{" ",children)

Data structures has 2 nodes
( Tree )( Graph ) Linear

Non-linear
Linear has 3 nodes
Stack

Queue
Linked List

_ : Non-linear has 2 nodes
Stack Queue ( Linked List ) Tree

Graph
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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:

- >
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# 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"],
hitee e, Nat]
ol AR [l [ R T
L] d L] : [ ] ,
2 o I
}

# 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

[LMaYy #bhE)y aty Ledde Clbly: bells 00y Bdi)y Thely Adl)y [hety hal)]
The new graph after adding new edges
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def mySumGrade (gradeslList):
sumGrade=0
l=1len(gradesList)
for i in range(1l):
sumGrade=sumGrade+gradesList[i]
return sumGrade

def avgFunc (gradesList): - rr Al ele il
s=mySumGrade(gradeslList) .mySumGrade
l=len(gradesList)
avg=s/1
return avg

aaild len() Al pusaiius
# program section S g '-"'-“""-" iJda Lalaes
grades=[89,688,98,95] AaSlEN 2 poaliall sus

averageGrade=avgFunc(grades)
print ("The average grade 1s: ",averageGrade)

The average grade 1s5: 92.5

Recursive Function 4.l »S<01 ¢ Le w1 adia
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# recursive function
def recurseFunction():
if (condition): # base case
statement
else:
#recursive call
recurseFunction()

A

recurseFunction()

# main program

iiiiiii

# normal function call

4, recurseFunction()
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7 (n-1)'*n  ifn>0 [ Al I 21=11%2 21=2%1=2 | 2!
. TR ; 31=3%2%1=6 | 3!

i-ﬁjﬁm ] 41=31*4 4] = 4*3%2*1 =24 | 4!
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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

hum = int{input("Type a number: "))
f=factorialloop(num)

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

Type a number: 3
The factorial of 3 1s:6
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( (3) wapune ) # calculate the factorial of an integer using a
# recursive function
/ \ def factorial(x):
\ if x == B = LA WLl
*( (2) ©gpucne ) return 1
s T else:

. e le i W A ks
\ return (x = factorial(x-1))

& X Al sl
@*( (1) g puine > # main program

— num = int(input("Type a number: "))
;”f \ f=factorial(num)

: print("The factorial of ", num, " is: ", f)
¥ (0) g pune

Type a number: 3

31=3%2%1 =6 @ The factorial of 3 1s: 6
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def findMaxRecursion(A,n):

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

def findMaxIteration(A,n):

m = A[©]

for i in range(l,_n): Aaal | 13 sl MAX() A 7 i
m = max(m,A[1]) . i : 2 e

return m

A myList & S Aaudl| g3 puaiall) S¥I

# main program

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

1L = 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 1s: 73
Max with iteration 1is: 73

( max(A[3], findMaxRecursion(A, 3)) )
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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 i1 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 = powerFunlIteration(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 = 10080
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graph = {
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}
visitedBFS = [] # List to keep track of visited nodes
queue = [] # Initialize o 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 graphln]:
if neighbor not in visited:
visited.append(neighbor)

queue.append(neighbor)

# main program
bfs(visitedBFS, graph, "A")
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graph = {
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}

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

# dfs function
def dfs(visited, graph, node):
if node not in visited:
print{node, end = " ")
visited.append(node)
for neighbor in graph[node]:

sl ail 2. (DFS)
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w i i
il 3 gy udSall a i
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dfs(visited, graph, neighbor)

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

# the file with the symptom mapping
symptom_mapping_file="'symptom_mapping_v1.json'

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

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

"diseases": {

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

],

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

],

"appendicitis”: [
"abdominal pain",
"vomiting",
"fever"
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def diagnose vl(patient_symptoms:list):
diagnosis=[1] # 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 Llikely diagnosis: ['kidney stones']
Most likely diagnosis: []
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symptom_mapping_file='symptom_mapping_v2.Jjson'

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

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

{ "headache",
"diseases": { "tiredness",
"covidl9": [ "stuffy nose",
"fever", "sneezing",
"headache", "sore throat",
"tiredness", "cough",
"sore throat", "runny nose"
"cough" ]
1, "allergies": [
"common cold": [ "headache”,
"stuffy nose", "tiredness"”,
“runny nose", "stuffy nose",
"sneezing", "sneezing",
“sore throat”, "cough",
"cough"” "runny nose"
1, ]
"TLiu": | 1
"faver", }
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def diagnose_v2(patient_symptoms:list,
symptom_mapping_file:str,
matching_symptoms_lower_bound:int):

diagnosis=[]

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

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

# for every disease
for disease in disease_info:

counter=0
disease_symptoms=disease_info[disease]

# for each patient symptom
for symptom in patient_symptoms:

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

counter+=1

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

return diagnosis
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# Patient 1

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

# Patient 2

my_symptoms=["stuffy nose", "runny nose", "sneezing", "sore throat"]
diagnosis=diagnose_v2(my_symptoms, 'symptom_mapping_v2.json' , 4)
print('Most likely diagnosis:',diagnosis)

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

print('Most likely diagnosis:',diagnosis)

Most likely diagnosis:
Most likely diagnosis:
Most likely diagnosis:

['common cold', 'flu', 'allergies']
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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",
"covidl9": { "tiredness",
"very common": [ "sore throat",

"fever", "cough”

"tiredness", j

"cough” "less common”: [
1 "stuffy nose",
"less common": [ "sneezing",

"headache", "runny nose"

"sore throat" ]

] k
& "allergies”: {
"common cold": { "very common": [
"very common”: [ "stuffy nose",

"stuffy nose”, "sneezing",

"runny nose", "runny nose"

"sneezing", 1,

"sore throat"” "less common": [
| 38 "headache",
"less common”: [ "tiredness",

"cough" "cough”

] ]
b, k
o o DR | }
"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_welght:float=0.5

):

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

disease_info=mapping[ 'diseases’]

# holds a symptom-based score for each potential disease
disease_scores=defaultdict(int)

for disease in disease_info:

# get the very common symptoms of the disease
very_common_symptoms=disease_info[disease]['very common']

# get the less common symptoms for this disease
less_common_symptoms=disease_info[disease][ 'less common’]

for symptom in patient_symptoms:

if symptom in very_common_symptoms:
disease_scores[disease]+=very_common_weight

elif symptom in less_common_symptoms:
disease_scores[disease]+=1less_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.Jjson")

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'], 3)
Most likely diagnosis: (['common cold'], &)
Most likely diagnosis: (['common cold', 'flu'l], &)
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import pandas as pd #import pandas to load and process spreadsheet-type data
medical_dataset=pd.read_csv('medical_data.csv') #load a medical dataset.

medical dataset

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

0 1 1 1 0 0 0 0 0 covid19
1 0 1 1 1 0 0 0 0 covid19
2 1 1 1 0 0 0 0 0 covid19
3 1 1 1 0 0 0 0 0 covid19
4 1 1 1 0 0 0 0 0 covid19
1995 0 1 0 0 1 0 1 1 common cold
1996 0 0 0 1 1 1 1 0 common cold
1997 0 0 1 0 1 0 0 1 common cold
1998 0 0 0 0 1 0 0 1 common cold
1999 0 1 0 0 0 0 1 1 common cold
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set(medical_dataset['diagnosis'])
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from sklearn.tree import DecisionTreeClassifier
def diagnose_v4(train_dataset:pd.DataFrame):

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

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

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

# build a decision tree
model.fit(train_patient_symptoms, train_diagnoses)

# return the trained model
return model
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from sklearn.model_selection import train_test_split

# use the function to split the data, get 30% for testing and 70% for training.
train_data, test_data = train_test_split(medical_dataset, test_size=0.3,
random_state=1)

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

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

my_tree=diagnose_v&4(train_data) # troin 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' 'covidl9' 'flu']

fever == 0.5
gini = 0.75
samples = 1400
value = [354, 345, 358, 343]

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]
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]
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plot_tree(my_tree,
max_depth=2,=

— A s Mt o s B s i s 3 gl S 5 it
53335213@ 2 - F—J—JJ-LIJl l-_'aL1Lu dLgama i,;_...:uu.-n 1 400 sue L,JLml_}J_‘l-J' s!l.J_ﬂ.i‘.J_uU
Valie = (334, 5. 398, 3831 | | (Zpwluasnil) Allergies o 1o i 343, .358, .345, 354 . wgin

(1 32418391) Flug . (19-0845) Covid19,. (5,01 =¥ 35) Common Eﬂldj

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]
runny nose <= 0.5 tiredness == 0.5 | sneezing <= 0.5 headache <= 0.5
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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, BO] value = [0, 3, 52, 237]
7 \ 7 \ 7 \ 7 N\
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# functions used to evaluate a classifier
from sklearn.metrics import accuracy_score,confusion_matrix

# drop the diagnosis column to get only the symptoms
test_patient_symptoms=test_data.drop(columns=["'diagnosis’'])

# get the diagnosis column, to be used as the classification target
test_diagnoses=test_datal 'diagnosis’]

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

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

0.8166666666666667

n..".u..a.’LL+L¢_}LC|_*s.|;JME-E-UD,_Q_!U_AMig_u:\|J_¢j.El.E%L,JlLLa3EJL§.LEJ|J_EJ|E*F'L.Lui-l::-}b.u
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confusion_matrix(test_diagnoses,pred)

array([[143, 3, a, 6],
[ 48, 98, 5, 4],
[ =2, 4, 327, 221,
[ A 3y 315 12211)
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import numpy as np

# create a numeric 3 x 3 matrix full of zeros. e g d—ﬂ 'Eﬂ_ 8 peiat] l ~_u:}U M...u FETNY 3x3
small_maze=np.zeros((3,3)) o AR o S | RS By e
# coordinates of the cells occupied by blocks dalie 1 Jha (ALlal E_t_E.aj.lj. 3 pSd lalall
Btnckssitd, L ICE 10y (2 20] rodhe e csamd Lal 10,000x10,000
= [ o e = ¥
for block in blocks: ,&;}EA3EJ£4;LjELilE,&gjjllj;JiaJ!
# set the value of block-occupied cells to be equal to 1 5 . 3
small_maze[block]=1 aaly AL poea ol adadll alusiul S
#
small_maze ;
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import random

random_maze=np.zeros((

10,10))

# coordinates of 30 random cells occupied by blocks
blocks=[(random.randint(8,9), random.randint(8,9)) for i1 in range(30)]

for block in blocks:
random_maze[block]

=1

Al Jha) 30 A1) @

import matplotlib.pyplot as plt #library used for visualization

def plot_maze(maze):
ax = plt.gca()
ax.invert_yaxis()
ax.axis('off')

# create a new figure
# invert the y-axis to match the matrix

# 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, ¥-1 XY X, y+1
X,y=cell / x+1, y-1 x+1, ¥ x+1, y+1

for i,j in [(x-1,vy-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)]:

x-1, y-1 %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[©]) and
maze[(i,j)]==0;
neighbors.append(((i,j),1))

return neighbors

3.4 @y L plad gl Lol o Ll 215 39loma 5531 1 As (e SR A JS O Guall! 18 10,05

A8 el oy ! 108 (e G By 2 A yall o2y Laill okl @iew a8 50y 50 g Loyl ae

.5 yeiia Uil dog y b pos | s

Al At 2 aalill s algles 2 get_accessible_neighbors() als comdl culia)ylgs S P
2 g S it AL e it i AN ] 2k gl LN Bt} 358 sl PEES
= & #

FENESY

f

Ty

0 1 2

# this cell is the northwest corner of the grid and has only 2 accessible neighbors
get_accessible_neighbors(small_maze, (0,0))

[((o, 1), 1), ((1, 0), 1)]

# the starting cell (in the southwest corner) has only 1 accessible neighbor
get_accessible_neighbors(small_maze, (2,08))

[((1, 8), 1)]
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Using BFS to Solve Maze Puzzles

sLatl St (BFS) Pl d ol gls Gl dia)ylgs o jadl 1ia 2 Lg._dgjL:"il bfs_maze_solver( ) aJi. ‘-:._1_1._.;1
5511 get_accessible_neighbors( ) s Caj_qﬂllg_aﬁ_ﬁ._uj aagll mjuglmf.lmu aalall
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slissle Ja N a_-..-_.ajj.l reconstruct_shortest_path() atis 1|=-..L-'l'_l.|.-.1.|.|.u caagll Al L Le (BFS) glus
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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

JeaB W1 A 97 gls G dia )yl g3d Ll oL sale¥ Loyl reconstruct_shortest path(} = ‘:.M
get_accessible neighbors( ) cral 0l Gy yas ‘_,JlJJa.;JLj oyl Y e e Lo L gt JL“U{A* search)
AL sl e bfs_maze_solver() alls duas S «criacLall reconstruct_shortest_path() s

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

112



113

shortest_distance[start_cell] = @

# 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(@) # getthe nextcell and remove it from the expansion list

if verbose:
print('\nExpanding cell', next_cell)

# for each neighbor of this cell
for neighbor,cost in get_neighbors(maze, next_cell):

if verbose:
print('\tVisiting neighbor cell',neighbor)

cell_visits+=1
if neighbor not in visited: # if thisis the first time this neighbor is visited

visited.add(neighbor)

to_expand.append(neighbor)

parent[neighbor]= next_cell
shortest_distance[neighbor]=shortest_distance[next_cell]+cost

# target reached
if neighbor==target_cell:

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

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

+COSt:

parent[neighbor]=next_cell
shortest_distance[neighbor]=shortest_distance[next_cell]+cost

# search complete but the target was never reached, no path exists
return None,None,None
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gl A Ad ol (ye a3V Ll oo fies 201

ole YL Mﬁl 3x3 3 juiall dalill =1 bfs_maze_solver() als Sl zea pdl alasll ‘-:M

start_cell=(2,0) #startcell 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, @)

Expanding cell (1, @)
Visiting neighbor cell (0, @)
Visiting neighbor cell (8, 1)
Visiting neighbor cell (2, 0)

Expanding cell (@, 0)
Visiting neighbor cell (8, 1)
Visiting neighbor cell (1, 0)

Expanding cell (0, 1)
Visiting neighbor cell (0, 0)
Visiting neighbor cell (@8, 2)
Visiting neighbor cell (1, 0)
Visiting neighbor cell (1, 2)

Shortest Path: [(2, ©), (1, @), (8, 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=[]
x,y=cell

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

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

neighbors.append(((1,3), diagonal_weight))
for i,j in [(x-1,vy), (x,v-1), (x,y+1), (x+1,y)]: #for horizontal and vertical neighbors
if i>=0 and j>=0 and i<len(maze) and j<len(maze[0]) and maze[(i,j)]==0;
neighbors.append(((i,j), horizontal_vertical_weight))

return neighbors

&Eﬂiﬂd@&j}ﬂﬁj.@Tﬂlﬁgﬁqj@:ﬂhﬁlﬂ)ﬁ@gjj_w ?Jﬁﬂ&:ﬂﬁ|ﬂ|ﬁmﬁ
gl 2 gt gy oo 31 2. U1 B1s] Ala il a._JiJLﬁl (Weighted Version) Qﬂﬁljlmylﬁéﬁﬁl 13&.3__5)55_11
ol LS (58 51331 L« (BFS solver)

from functools import partial

start_cell=(2,0)

target_cell=(1,2)

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

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

print('\nShortest Path:', solution)

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

Shortest Path: [(2, ©), (1, 8), (®, 1), (1, 2)]
Cells on the Shortest Path: 4

Shortest Path Distance: 7

Number of cell visits: 6
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it Bl HLudll (e 2 (BFS solver) gludl au gl ol comd 12 Jad 1501 il s Hj...ij_a LSy
e Bl I I3 i oy a3V 5Ll s il ol gl (yag o7 (g 5baas A0S o5y 0 @ ) e widawuially
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Using A* Search to Solve Maze Puzzles

as (A* search) Juad®¥ iz ghgls oot dia))lgs azii « (BFS) gluddidaglgb ot dia))lpa 2 LeS
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a3t dla ol gy Argrasa A8Liwe 5 indl uhq;.._um sl g Ledo 0pSo ) A1 (A* search) Juad ¥
il Atla 2 L5 taul [_,_L; ad¥os LY Aol gsal i._a_1).!.d| “aies . (Heuristic Function) adyacwy

Yol ey dﬂwluajiﬁlmﬂld_d:&upja_l Sy | s Y Y ﬂ!ﬂlﬁy;@ﬂ!
mfmumu.aﬁ FHMIMIJHWHHLAI (Overestimate) . lq.i.l'..m‘._a.;d_.b_u
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def constant_heuristic(candidate_cell:tuple, target_cell:tuple):

return 1

@ @ oo el 1 a0 aucm o3 a1 W1 glantl s YY1 10s 5 e @y e
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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
hest estimate=candidate estimate

return winner

Yl Hmju}ﬂqiﬁjnumtuﬂ For ! ,<atl Lals _LeYL uul_ui!d_uhm?m
da Ll g9 l_j_uns‘k‘l H).I.'I Jouso 2 (Priority Queue) d.t_ngh'l;_g.th I:-J.-.-_._..r...m .J_"Hﬂ-r-LnsJ.JSl kol
il Alaulgy sacluc 4108 get_best_candidate( ) aJi. I:-J:P.n...u.! aJ)S...”_}j.@uu-_m)ile,_,_nﬂujl
L_U..ﬂl_g_u.u.b.du_t_miam cad¥an L A ) aslel, ‘_,_L,La..sa_-..-_..ajj.'lastar maze SUWEF{]
JLH.llrecunstruct shortest_path( ) sget_accessible_neighbors_ WEIghtEd[:}W.JLL..Jh;LJlJM

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:
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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_distancel[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

shortest_distance ¢ selall l1aS eV Mﬁl Il auiis bfs_maze_solver( ) alull 2 Ll LS
sl 1082 30500 Jual sﬁ&jfﬁpimg‘t S Ao 05 e B 5Ll Jels Jaast parent
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13 e Lgh i gB a1 Lol oy BT suusat get_best_candidate()
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I Cpe 3 yglontl Audintl ol M HLilll IS 3] das 0yl i3 (e 3 pglont | Al pmoed @3 13] diudh po¥ Coise
5 39adl 35 9lml | A1 e cratiacd o Judl jlia e Jadll Al epie 130 Goladl Lad! (e uadl best_cell
iy ‘:._»M gt 5 ygleet] st L,JEJ_._QEETI Sbadl @i saled expansion_candidates dcse=a I

:3x3 aalil) 5ill (Unweighted Case) aigjat! ,ué allmti =) astar_maze_solver() A e

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 wvisits:', cell_visits)

Shortest Path: [(2, ©), (1, 8}, (0, 1), (1, 2)]
Cells on the Shortest Path: 4

Shortest Path Distance: 3

NMumber of cell visits: 12

doas ¥l g 5B Sty ol = (A* search solver) Juad¥i angl gl oo d i 2 It 501 i
aas Sl s g 3l (BFS SOIVEr) plud ¥ as g oy oot 2 ot 15121 pe DLt 5T 1iimg 2005 12 o
LSy .astar_maze_solver() sLa ¥ f._'u‘ad.;il ol Wan Wl alb s J sga s daza LM 10 axs
{PT%F@J,M slomal ¢ eyl ginl opSant (6l ¥l A5 alaserinl (S @it 1082 Y euinion
Lalill Jo e 350l3 (A* search) Juad¥ i gt gl coomdt dga sl g3 cOlS 13 Lo @l o L1 35 an)

Y al Lg Jlie jucdl le sgtall 2 (BFS) pladdt da gt gl comd ) dels culiia 20l Aigdsl

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_wvisits)

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

Shortest Path Distance: 5

Number of cell visits: 12

Mlﬂ‘a‘l Sladl e aietl @950l Al > Lle astar_maze_solver() EPNEY ] &Lﬁ

al il Lyl e ringy g .5 Layud adleal 2alcs [(2.1) .(2.0) (1 ‘E) K000 (0.5 f0:23]
iCas 35yl dacl aluseiily J1a¥1 Joul sloml (o LSS g3 (5 uiicun chumy 3ua )5

Algorithm Comparison <l )l gt! (na 45 lall
a__mjjljj.j.(B‘FS)tmwt*@ﬁjigwﬁﬁbljﬁ.gy%m1?¢@m 3glasll

i 481 Lama uST dalia 2 (A* search) Juad¥i i gl gl oo
Aol ol ?&JM ;L&?uﬁﬂ! El.t.L-u.I:.,.ﬂ:J‘ ?::;nJ_J1t!nﬁ.l1 1::1-:-_'1.“;

big _maze=np.zeros((15,15))

# coordinates of the cells occupied by blocks

blocks=[{2,8), (2.,9), (2,186), (2,11}, (2,12},
(8. 8), {B.9), (8B,18), (5113, (&, 12),
(3,8), (4,8), (5,8), (6,8), (7,8),
{3130, (4,120, (6.12), C7.12)]

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

Zaliall gl Alidlg Al 352,23 Jga big_maze[block]=1

(al ol duls ) start_cell

Al g3l Lasslad e ST e iy € by JS& e G lsondl (e @i e (5505 15x15 2alatl oia
Gl 12 I 131515 (BFS SOIvVer) ¢Lui¥ i au gt gy cemd 12 Jod 1 31a ?:jﬁﬁ_u-;{qj Xaadalls 35 ol ooyl

ol 5 S Aalill ola (pe Wghll pul g @gdall il )lusl Jt (A search solver) Juad¥i ot oy

start_cell=(14,0) N
target_cell=(5,10) SISTANTES IS

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

print({'\nBFS unweighted.")

print('\nShortest Path:', solution_bfs_unw)

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

solution_astar_unw, distance_astar_unw, cell_visits_astar_unw=astar_maze_solver(
start cell,
target_cell,
big _maze,
get_accessible_neighbors,
constant_heuristic,
verbose=False)

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

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

BFS unweilghted.

Shortest Path: [(14, @), (13, 1), (12, 2), (11, 3), (18, 4), (9, 5), (8,
6), (8, 7), (9, 8), (9, 9), (9, 10), (9, 11), (9, 12), (8, 13), (7, 13),
(B I3 A5y A2} by A ) (538)]

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell wvisits: 1237

A*x Search unwelighted with a constant heuristic.

Shortest Path: [(14, @), (13, 1), (12, 2), (11, 3), (18, 4), (18, 5), (18,
G)i (9 F)i (9 8)p £18, 9), 9 10} (9 11): (9, 12), (8 13), 4% 13);
{6, 13), (5, 12}, (6, 11), (5, 18)]

Cells on the S5hortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 1272

target_cell=(5,10)

horz_vert _w=1
diag_w=3

solution_bfs w, distance bfs w, cell_visits_bfs w=bfs_maze_ solver(start cell,
target_cell,
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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 wvisits:', cell_visits_astar_w)

BFS weighted.

Shortest Path: [(14, 8), (14, 1), (14, 2), (13, 2), (13, 3), (12, 3), (12,
%), (11, %), (11, &), (18, 5), (18, &), (9, &), (9, 7). (9, B), (9, 9), (9,
1), (% 11y, (9; 12}, (9,13}, (8; 13),47, $3]); (6, 13); L5y 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, @), (13, @), (12, @), (11, @), (10, @), (9, @), (9,
1]:- (9' 2:':- (gr 3}1 (gr i}}, {9, E}r {91 E‘]r (9' ?:IJ (gr B}J [gr g}p {gj
18}, 19, 11}, £9, 12), 19, 13}, {8, 13); (7, 13), 06,13}, 15, 13), (5,
12): «(5y 11} {5; 16)]

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell wvisits: 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_wl[cell]=2 maze_astar_w[cell]=2
plot_maze(maze_bfs_w) plot_maze(maze_astar_w)
(, (A* search) Juxi¥l 3,409l sl 30035055 ) J(BFS) gl Lialgls il Aa )yl g

Jezan¥! dsgtly e ally £ Ls¥ gyl il e}l ol o 235150 12,24 s

Sy ity L) e (A* s€@ICh ) S ¥ 12 97 gl oot 1 a5 330 3 il | Aaalall ) o MLAG 4S5,
2059 5Ly otV e )l g a6 il e U (a2 iaad 019 2oV (i€ ol (yoe ol LgalSs ()Y iy Sla3l1
i)l o Rale Bl L Loy IS5 el Sln ( ady 1S o JS 25 5 peall o2 (BFS) e ¥
2.6 Jgand! 2 dage 9o LeS 5 uiiedl 5ud g5yt
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(Computational Complexity)

(Efficiency ) delasJ|

i ]1@}.‘5 i !:,_T:j,h'; - % £
) il (Performance ) =153

BUai ol g LBl
. # z o £ _
S s el ale J&m diwlis Vyla 3353 (Effectiveness) atlaall

Ej_udsdupmd_..ﬂu_h 5_...11Lg;iu{BFS}iLuwluﬁij_uhdid_liPulPL....'II_)_gjm cilI3 aag
Gt dia )yl gu! ;EJJ_.Sl I'}‘..h.l_.....l_)_._ﬂ._g.u <15 d;-.JL-.quS.u ijjllﬁﬂhjlib}hjlw#! JAL  pcaced
C-ilgile 280 we ¢ o asl tl I suq:u.u il aadaytl 2 g 20 Y WY1y L (A* search) Jad™ i as gt el
e Wl olial Sl Fy@mﬁ@h@gﬁm#lw M|gﬁjﬂlﬁ}wﬁj:{hﬂanhaﬁan Distance)
orlgile dalius Ol 488

Manhattan Distance ;i lgile A8lua

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

B (x2, y2)
O,

r

Al(x1, yi)

Celgile dlis 2 2.25 KL
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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() SRR NIV (R RV NES S I COL ST IVER | S (PR PW PR N-1Y Tm.,.uﬁ_..n:
ig3gkl yud s Aigdell ¥l (ya IS 2 ¢ peal JSE a8

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

solution_astar_unw_mn, distance_astar_unw_mn, cell_visits_astar_unw_mn=astar_
maze_solver(start_cell,

target_cell,

big maze,

get_accessible_neighbors,

manhattan_heuristic,

verbose=False)

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

print('Cells on the Shortest Path:', len(soclution_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_weilght=horz_vert_w,
diagonal_weight=diag_w),
manhattan_heuristic,
verbose=False)

print( '\nA* 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)
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A+ Search unweighted with the Manhattan heuristic.

Shortest Path: [(14, @), (13, 1), (12, 2), (11, 3), (1@, 4}, (9, 5), (8,
6), (8, 7), (9, 8), (9, 9), (9, 10}, (9, 11), (9, 12), (8, 13), (7, 13),
(65 13); (Bp 12):(5; 11}y (5; 18)]

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,
%), (12, 5), (12, 6), (12, 7), (11, 7), (11, 8), (10, 8), (9, 8), (9, 9),
(9, 18); €9 11), 19 12, (9, 13); (8, 13); {7; 13}, (6; 2A3); {5, 13); {5;
12), (5, 11), (5, 18)]

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell visits: 1033

ool 4ie )l 93 @] q.qu.::c._.,.l CySeas [Hanhattan Distance) ;yilgile daluce J¥ounal ol bl usss
(ra JS 2 Lol e sue JB1 pamdy 3 lial) piadl el )Ll e j3tall 2 (A* search) Juaa¥iasg sl
wLM! e JB1 e iy 1S3 ASHY Wl 1ios al s ol Lale 0935t jud s Ejjjlle‘ﬂb‘ll
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(A* search) Juaa¥! (A* search) Jaa¥!
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4093 ols el eyl g
(BFS) gluiy

1033 culamby 25=dalud! | 1245 coamby.25=2aldi | 1235 colamby . 30=1aloul

865 anby 18=2alull | 1272 coianby.18=38lull | 1237canby . 18=3aloll

560 Bl AL e o) 31 3l | IS ot 21873 589 351l alainiiand Ll n Sl g

sl

Juad ¥ iy gl Sl 3ad 53 11 3 putiaall yol (BFS) plud¥fi agglyly coomudlaya)slsn (e Jyeil] @
1z SV AL o B5IS ) T LS o Jual 51 352 5 p0n ) (A* search)
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(A* search) Juas¥i st sh domd) iua) g dasi oS bz 2 (€

Sdas G ke .1.5 u.'r!?n;,.n[DiagunaiWeight]gﬁhigjgih@wﬁlthaldﬁ o

a2 Y1 Gy 9T gy Ceomid 1 dua )51 95 g (BFS) g Lai 1 s 93 9l ot Ay 195 Al 2 jiaB W1 5Ll iy b
s( A* search)
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el ol g AazaW) 5 3091 iy cnia ekl (A® search) Juiad ¥ ol ols sl
A(742) Mot Aazi Jhe wU3Ss .5 I &, dadl 51 36N143 L1

alilm'ﬁlgcuh_gég:dl Lot i Lag v st ABLud) o3 sl sl La £
Jiad ¥ d ¥ gLy ot 1 (BFS) plas¥ i a o oly st a3l g gl yud
il e 0959 eudll 208 335 Sl JY ¥ Als alasuuly,(A* search)
J¥aa ¥ Al aluziuly (A* search) Joad¥iayglshy comdity (BFS)
L |
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Search
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Slacdad mes 2 (Machine Learning - ML) aJ%| (n.lu Aldsviw! 4 S
.(Natural Language Processing - NLP) dacdall Slall dof laes dblalt Siid
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.(Natural Language Generation - NLG)
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Using Supervised Learning to Understand Text
gelblaw¥l s8I c¥lors gua! o (Natural Language Processing — NLP) dacdall SLall) domtlase
(Lo saitly (4 y el il o g e 5530 et esalont) 3 gl a3 e 3€53, 50 (Artificial ntelligence - Al)
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dm 511 a2

: (Supervised Learning)
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S9-S5 Ldafilj E_};_L.il | W i |
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Supervised Learnmg d.:- ol ;u.h.dl
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Lzl Sl (Pandas Python) gaiabs ol 408k alaziwl clle |00 DataFrame Il ol
dumea pl) lealaid) UL Jolaa pos Jalaild aaieind Ll 5 gl @l 531 G oo ol 5L 3Sa . s L
%kcapture #capture is used to suppress the installation output.
# install the pandas library, if it is missing.

'pip install pandas «
import pandas as pd

bl Jglases gl S0 Sl Gseflasg 351 il I:...'n:..-_“n.._u'; 5 g A0S L& il 4085




# 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

= Obe 3.3 JSall 2 pay Lasy
0 | grew up (b. 1965) watching and loving the Th... 0 DataFrame *-L'auL_g dcgaxe
1 When | put this movie in my DVD player, and sa... 0 Opdgas e q:-’;j:l-*ﬁ
2 Why do people who do not know what a particula... 0 rum :...:'ﬂ-' &
3 Even though | have great interest in Biblical ... 0 ‘ ( m;J '} ﬁ._zjl .
4 Im a die hard Dads Army fan and nothing will e... 1
39995  "Westemn Union" is something of a forgotten cl... 1 el e )
39996 This movie is an incredible plece of work. It ... 1
39997 My wife and | watched this movie because we pl... Oe { riles @ )
39998 When | first watched Flatliners, | was amazed.... 1
39999 Why would this film be so good, but only gross... 1 lf._.J_._., L:_._._a: o 0 2ol
40000 rawstGﬁlumns L_uhu_lLa:@Jiull@l Liv
Ragaiall e 5000 imliliy Aagases :3.3 K
e gazmaS Alall HLan ¥y Coppunl] Alial 2 aliis o yuiia ) il y aadl) 3 otael slic] o 30 35lasnl

;b LS DataFrame bl

# 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 Yo X Ol e o0 puiniions
SLL| (e X yead do gh1 @lall!

# extract the labels from the 'label’ column for both training and testing. pdll (pe Vg (il Al
Y_train=imdb_train_reviews['label’] A8 gl |
Y_test=imdb_test_reviews['label’]
X_traln_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 ...
4 Im a die hard Dads Army fan and nothing will e...
39955 "Western Union" is something of a forgotten cl...
39996 This movie is an incredible piece of work. It ...
39997 My wife and I watched this movie because we pl...
39998 When I first watched Flatliners, I was amazed....

39999 Why would this film be so good, but only gross...
Name: text, Length: 40000, dtype: object

DataFrame bl desass ope (X___train___text) cu;ual afial fpe 350 :3.4 IS8
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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_v1l = CountVectorizer(min_df=10)

vectorizer_vl1.fit(X_train_text) # fit the vectorizer on the training data.
# use the fitted vectorizer to vectorize the data.

X_train_vl = vectorizer _vl.transform(X_train_text)

X_train_vl

<40000x23392 sparse matrix of type '<class 'numpy.int64’'>’
with 5301561 stored elements 1in Compressed Sparse Row format>



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

columns=vectorizer_vl.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_vl_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_v1l_dense
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Building a Prediction Plpellne
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from sklearn.naive_bayes import MultinomialNB

model_v1=MultinomialNB( ) # a Naive Bayes Classifier

model v1.fit(X_train_vl, Y_train) # fit the classifier on the vectorized training data.

from sklearn.pipeline import make_pipeline

# create a prediction pipeline: first vectorize using vectorizer_v1, then use model_v1 to predict.
prediction_pipeline_v1l = make_pipeline(vectorizer_v1l, model_v1)

Jgr P |

-

prediction_pipeline_vl.predict{['One of the best movies of the year. Excellent

array([1, 0], dtype=int64)
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cast and very interesting plot.',
'I was very disappointed with his film. I
lost all interest after 30 minutes' ])
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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]11)
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# use the pipeline to predict the labels of the testing data.
predictions_v1 = prediction_pipeline_vl.predict(X_test_text) # vectorize the text

data, then predict.

predictions_vl

array([®, ©, ®, ..., @, 0, 0], dtype=int64)
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from sklearn.metrics import accuracy_score
accuracy_score(¥Y_test, predictions_v1) # getthe achieved accuracy.

0.8468
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dmcapture

'pip install scikit-plot; #install the scikit-plot library, if it is missing.

import scikitplot; #import the library

class_names=["'neg', 'pos'] # pick intuitive names for the 0 and 1 labels. sl

# plot the confusion matrix.
scikitplot.metrics.plot_confusion_matrix(

= [

[class_names[i] for i in Y_test],

[class_names[1] for i in predictions_v1],
G title="Confusion Matrix", # title to use
_d_iéalq_”qg__;dll mn i
cmap="Purples", #colorpalette to use

i

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

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

# create o local explainer for explaining individual predictions
explainer_vl = LimeTextExplainer(class_names=class_names)

# an example of an obviously negative review

easy_example="This movie was horrible. The actors were terrible and the plot
was very boring.'

# use the prediction pipeline to get the prediction probabilities for this example

print(prediction_pipeline_vl.predict_proba([easy_example]))

[[@.99874831 0.00125169]]
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# explain the prediction for this example.

exp = explainer_vl.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', -0.0119569110112168977),
('actors', -0.811682594571408675),
('this', -0.009712387273986628),
('very', 0.008956707731803237),
('were', |-0.008897098392433257)) ]
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# visualize the impact of the most influential words.
fig = exp.as_pyplot_figure()
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exp.show_in_notebook()

o - neg Y08 .
Eroitanprteliie - Text with highlighted words
neg [N 1.00 this movie was the actors were [EUBIE and the
pos plot was very Bfing.
sl :3.10 s
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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 1is
Crouching Tiger Hidden Dragon or House of Flying Daggers, I would suggest
you trying to rent it, but if you're a die-hard Asian cinema fan I would
say this has to be in your collection very good Japanese film."
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# get the correct labels of this example.
print('Correct Label:', class_names[Y_test[4600]])

# get the prediction probabilities for this example.
print('Prediction Probabilities for neg, pos:',
prediction_pipeline_vl.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_vl.explain_instance(mistake_example, prediction_pipeline_
vl.predict_proba, num_features=108)

# visualize the explanation.
fig = exp.as_pyplot_figure()
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Improving Text Vectorization
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wawcapture

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

import nltk #import nitk

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

import re #importre

from gensim.models.phrases import Phrases, ENGLISH_CONNECTOR_WORDS #import tools

from the gensim library.
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# convert a given doc to a list of tokenized sentences. P ‘ -
g f L,],;‘.I]'ILHMEUJL Ao

def tokenize doc(doc:str):

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

sent.lower()) for sent in nltk.sent_tokenize(doc)]

ves Ore daSle Gnudd fq_lﬁ nltk &8s (e Sent_tokenize () wls

il )| )85 aguaty ag il re 48 o findall() Ul;g[@ﬁjswaﬁiuuqﬁhtsﬁ:gcguhw
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hello123_world el Al 2. (I3 \W 3505 e 5T 5l aaly (e coml] aunins \W+ @
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tokenize_doc( ) a8l al iy @il e Yle oLl

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'],
['1', 'fell’, 'asleep', 'after', 'the', 'first', '2', 'hours']]
:EJL_u.H [.‘b_g.cu ..-.L._‘Z._\:H {GE”SEm} 1"“'-"-"‘1" :l.d._-ng.an e Q!_}Lu_” 31.’11 - tﬂk‘E‘ﬂiEE‘_dﬂE{) 471 .| Wu@‘ L)S.A:'l-
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[:!_5.a.dl laa Jis < Lid (}{_train_text} 2wl IMDB ol el

sentences=[] # list of all the tokenized sentences across all the docs in this dataset

for doc in X_train_text: #foreach doc in this dataset
sentences+=tokenize_doc(doc) # get the list of tokenized sentences in this doc

# build a phrase model on the given data
imdb_phrase_model = Phrases(sentences, )
connector_words=ENGLISH_CONNECTOR_WORDS, 9

scoring="npmi', €
threshold=0.25).freeze() @

il puitia das sl Phrases () all ! s . eVl t_ufqg.a_q.a LS

Blasll oguaill degama oo docall Joitl 2 @
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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']

;[13_1.. Lk ) too_long, {Lf.ju daz ) fell_asleep : tlall gttt e el slie 255 5 )Luall 72500 ;Lr__u
..EJ).EIJ qu]su.nJ_".S'i QLABJ.Ln i P Lg,.-._l.u_-J l::'&..:L.....—z:l Z_hﬂurﬁj

‘ too long \ "‘ long \ + too

‘fell_asleep\'_ e asleep ‘+‘ fell \
‘ 2_hours \’_ e ‘hnurs\'l" 2 \

2oass el B Bl Aol ¥l e lit) 13,12 IS5

Jgls ) too_long 55l Joasd  JLAL s e
O e el e Al Apulan yeliin (12
e O 3aa3 ¥ (Jsle) longs (1) 100 el
3alS Ol (e @ ) ola o Jillyg o5 piie L))
Gl A i e lall 3eal e 2 (@SL) asleep
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2 OIS Sl ] kil linglag 5%
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def annotate_phrases(doc:str, phrase_model):

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

tokens=[] # list of all the words and phrases found in the doc
for sentence in sentences: # 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 oYy o puidl @lends e JS uwadd annotate_phrases( ) adls LI e pdl pladll anstiie

# 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

% _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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TfidfVectorizer 312l
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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)

%_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)

©.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: 1_personally thought the movie was_pretty good very_good acting by tadanobu_
asano of i1chi_the_killer fame 1 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 contalned 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 1 really can_t say anymore
about the movie but if_you re only outlook on asian_cinema 1s 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: [[©.32116538 0.67883462]]
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# create an explainer.
explainer_tf = LimeTextExplainer(class_names=class_names)

# explain the prediction of the second pipeline for this example.
exp = explainer_tf.explain_instance(mistake_example_annotated, prediction_
pipeline_tf.predict_proba, num_features=10)

# visualize the results.
fig = exp.as_pyplot_figure()

Local explanation for class pos

superb_acting -
beautifully_shot -
ant{ [N
very_good -
ge_hard { [ NG
your_collection -
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great -
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N Pl Wik -._..:uLul
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( ; )

gad Jlhe e 3000 pewald }:uﬁil,?_l_"h:n.m'rj (Bl (p a3 12 ASlin Cued (g 3uiit Ceolil daset (LIME)

oy |
from import LimeTextExplainer
text_example="I really enjoyed this movie, the actors were excellent”
class_names=['neg', 'pos'] #creates alocal explainer for explaining individual predictions
explailner = (class_names=class_names) # explains the prediction for this example

exp = explainer. (text_example.lower(),prediction_pipeline. :
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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=[] # holds the text of the articles
bbc_labels=[] # holds the news section for each article

for folder in listdir('bbc'): # foreach 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="1ignore"') as f:
bbc_docs.append( f.read()) #read the text of the article and append to the docs list
# use the name of the folder (news section) as a label for this doc
bbc_labels.append(folder)
# shuffle the docs and labels lists in parallel

merged = list(zip(bbc_docs, bbc_labels)) #link the two lists
random.shuffle(merged) # shuffle them in parallel (with the same random order)

bbc_docs, bbc_labels =

zip(*merged) # separate them again into individual lists.
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# 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
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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.floatbsd’'>’

with 392379 stored elements 1in Compressed Sparse Row format>
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%ocapture
'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

Pl @ I 2 Y 5 X (o5 Lang dadd oy y9ma 2 1 3ns 5,867 oz M el el adide
Aad AL W1 Al s 0l JS Jras s HLEEY! dalaies maesadd I Gome pull adadll s

tsne = TSNEVisualizer(colors=['blue’,’'green’', 'red’, 'vellow', 'brown'])
tsne.fit(text_tfidf,bbc_labels)
tsne.show();

TSNE Projection of 2225 Documents
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plt.figure() #create a new empty figure

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

# visualize the linkage
hierarchy.dendrogram(linkage_tfidf)

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

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

pred_tfidf

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

Homogenelity score: 0.6224333236569846

Adjusted Rand score: 0,4630492696176891

Completeness score: ©.5430590192420555 dahy) sl oluy iy pl) Lot 0 L el
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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))

slmgl le n gl peaseill 3l |l
Aiha gy ceadll (o Agdall suall
T PV P RS - v TR I P
Completeness score: 0.6075627851312266 £ wslld! S s (ye Jundl puases
NS5 getlaiat 51 S5 & aalai¥l doea ) alet iy S senel o gl 8500 510 o (ye @2, e
sl ping .,___@ma._maa.;wgmywtﬁ?ﬂwg¢mﬁu§m@H(TF-lnﬁ]E,.,..s.m.c:..ui:
Agaadl SIS e 3atid | e oWl Ao 3l @l ol il 3 pgue 500 32 ol (Ses S L1

Homogeneity score: 0.528836079209762

Adjusted Rand score: 0.45628412883628383 "
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Word Vectorization with Neural Networks
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My body temperature has risen significantly. so | need to see a healthcare professional e
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import gensim.downloader as api
:] model_wv = api.load('word2vec-google-news-300"')

dm.lﬂﬁn.]:;\..._;..l?.!-:}-mdl | s

fox_emb=model_wv['fox'] 1
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

Lot on Y Agr LA Raaind) LS e sgfall I ama pl pdazh! aloieiud (ySas

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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import nltk #import the nltk library for nip.

import re #import the re library for reqgular 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 nitk 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 : : o S :
% (093 95s) are g (09ss) is 9 (J1) the 4 (1) a 2 (Stopwords)

Biaiice OlelS dad il Aailal A julan W) SlelST yaa

word_sample=set() #asomple 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(58)]

# add the top50 words to the word sample.
word_sample.update(top5@)

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

word_sample=get_sample(bbc_docs,bbc_labels)
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Bidirectional Encoder Representations from Transformers ( BERT)
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xkcapture

Ipip 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();

TSNE Projection of 2223 Documents

Eiliaamsll (T- SNE)TELJLL;JHM |54,_J| pkadl e Lalaul 13, EEL]L_
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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))

Homogenelty score: 0.6741395570357063
Adjusted Rand score: 0.6919474005627763

Completeness score: 0,7965514907905805
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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-MiniLMm-

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

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

tsne.show();

Sl 2 218 IS Nacwy (Word2Vec) m-..m ! AalSl 23 gl E-_n_-._ms EAENPN (vl [P PR [P 2V JeaSi e
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import gensim.downloader as
impoxt re
model_wv = 8 ( "word2vec-google-news-300")
old_sentence="My name is John and I like basketball.’
new_sentence=""
for word in ye. (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
nuunsz["linn "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, #setofstopwords
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: # for every word in the text
word_l=word.lower() #lower-case the word.

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

else: # otherwise

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

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

1f lex_sim<lexical_sim_ubound:
break

fuzzywuzzy a0 I .45 fuzz
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# quality check: if the chosen candidate is not semantically similar enough to
# the original, then just use the original word.
1f 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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Akcapture

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

import nltk

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

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

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

Ipip 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 1is

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, 88, 0.5)

"We had brunch at this eatery Monday. It 1s 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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Using Selection-Based NLG
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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 '

a3yl lam gl 2 Sl s laadl jssilly 18 35S0 al iy Gl 3y Bl 2

import re #used for reqular 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\whw+\b', text.lower()) if word
not in stop and word in model_wv]

# get the vocabulary (set of unique words).

vocab=set(tokenized doc)
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Build_graph() aa fx
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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, #setofunigue words
model_wv # Word2Vec model
}:
# gets all possible pairs of words in the doc
pairs=combinations(vocab,2)

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

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

return G

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

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

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

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

# gets the communities in the graph
communities=1louvain_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 o 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
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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
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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=lambda x:x[0],reverse=True)

return scor EdHSE ntences

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[1], '\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 Mbappe hauled France up off the canvas towards the end of normal
time.')
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print(scored_sentences[-1]) # prints the last sentence with the lowest score

print()
print(scored _sentences[30]) # printsa 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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khkcapture
from sentence_transformers import SentenceTransformer, util
model _sbert = SentenceTransformer('all-MinilLM-L6-v2")

Create a Simple Knowledge Base dlacuw 43 jae 54cld o LLS .2
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QA=1{
"Q1":"What type of courses are you interested in?",
"A1":[["Courses in Computer Programming","2"],

["Courses in Engineering","3"1,
["Courses in Marketing”,"4"]1],

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

"Q3":"What type of Engineering are you interested in?",
"A3":[["Mechanical Engineering”,MNone],["Electrical Engineering",Nonel]],

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

}

Chat() as 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" #the QAid
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"+qga_id] # gets the candidate answers for this ga_id

print(flush=True) # used only for formatting purposes
response=1input() # reads the user's response

# embed the response

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

# embed each candidate answer. x is the text, y is the ga_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[@][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

printf{'\n>> You have selected:',winner[@])
print()

qa_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?

caukln% classes

>> Apologies, could not understand you. Please rephrase your response.
>> What type ﬂf 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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wacapture
Ipip install transformers

'pip 1nstall 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')

{(GPT-2) syl s (§uid 9381 J gk (o AN Slotion M1 ] ity bl I it 20050

text="We had dinner at this restaurant yesterday. It 1s 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[@], 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 1is 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[8], 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

&ﬁ'%fﬁéﬁ' jl.._l...uLw%‘ Q!JL&J?' l_j.é'hk;ﬁ,_l...q Clj.q.”‘&.lﬁ :‘&_JL;.U :L!.n:r_;.-n 3;1)_-1-Jl Ti;{-JJ cals l.&[“iUZh P24
: ine d) yudy duadly J31 L2 354 1gig (Original Seed) S9!

# 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 1s very close toc 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 wvery
particular plece of house I just fell away before its due date, no surprise
my Syo one fell in right last July so 1t 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 walit two nights waiting for 2+ then when 2 times you leave you
wait in until 6 in such that it works to
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from import combinations # tool used to create combinations

import networkx as nx # python library for processing graphs
def build_graph(vocab:set, #setofunique words

model wv, # Word2Vec model

similarity_threshold:float

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

G=nx. # makes a new graph

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

SR (wl, w2)# gets the similarity between the two words
if
G. (wl,w2)
return G

190



AilS Joamd ) jore x5 O kel g BET_MAX_SIM() AIIAI pudniced (i LA va pd| atadl ! JoS] e
& i) Aaild 2 5351931 Jaand ) JS s My_Sentence 3siswe A.Lu- Cr a9 jlael! (SBERT) &0 gond | (s ol ¥
.my_sentence 1 L1 ‘yo Ae¥! aliil) psge b Alasd | WAt cusd O o L Lad ! e

from sentence_transformers import s 0
from import combinations # tool used to create combinations
model_sbert = ('all-MiniLM-L6-v2"')

def get_max_sim(L1,my_sentence):

# embeds my_sentence

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

# embeds the sentences from L2

L_embeddings = model_sbert. (L, convert_to_tensor=True)

similarity_scores = .Cos_sim( . )

winner_index=np.argmax(similarity_scores[@])

return

191



iJedd fighas (4o 298 dulac g il Capiias

*.C.'r‘g.u e 3] d3g pall {QLA._..L@].”} E-:._!.EJ‘ Sl 3 gyl ogual fpe Ao gaca ‘1.1..1.&_"-......1 :‘_,thﬂ'lﬁjln_’h.!l
aienil|

2 @l Lo bl Legama 2 oo JSUI @udll il oyl 2 3l alaieiol s Al 15 glast|
gasei! M%L‘Eﬁm?ﬁamj EILL:.@-_;: 5.1 d8g 4ea y 0 LalJLC:h?l lily dcgamea

‘ﬁ:b_-'l;u.u; gl i l_j_étLaLg.;_EnlLu sloaWy copaddl ol Qhwwﬁ%,_,.a_g.mﬁ! Jtias ey
ua oWl dma 1 2 (Sklearn) o s 105 (e TfidfVectorizer s CountVectorizer <l go|

i a2 3Lah (ye Alaglo 30513 (ysilull 223 2 (Sklearn) & yuiSw 338 215
GradientBoostingClassifier( ) <
DecisionTreeClassifier( ) <

RandomForestClassifier() <

E;::J‘ Ehj_q.?ll.?h_\_}ﬂ o 3| 1ﬂ%hiﬂjllmnﬂﬁjﬂl&b@h}m fz.LJ.;'-d.....!g_mniqu.g.ﬁ
.(imdb_data/imdb_ test.csv) IMDB jLaa¥ cilily degema e 43001 s dn s el Gamy

(Sklearn) & mdSiu 1K a5yl i itoal z3Len MultinomialNB T Jh i
eVl Amingl! S

+d|:|.'|_;._"_h: RTINS E.‘rj..u JS 3 Lliasd ;J‘J.:L.u'}“ das ot ade Lantl E_;S.&ll Jals 3.‘11..:1_

Aad w5l 3as A £gedl) wuasdy L da il 3ledd! JS 335 g B35 Laal 4y 555 ¢ LA



Black-Box
predictors

Chatbot
Cluster
Dendrogram

Dimensionality
Reduction

Document
Clustering

Natural Language
Generation

MNatural Language
Processing

o 91 e elaT 3L plutiuly sl ngiua <

gt et o pfukinciunly ol Judos &
gngdalt SHALH dul 530 A3V lad el plias) <
cdantu AD3)5 Cgdg) Aana s <

39 G ginal | LGS

MJJ..IJ'E&_EJJ

3 gatas
S i) mesa 3

Slaizat) PP
dacdal ) SLALT od g3

duacdal | Sl Aot Lae

Part of Speech
(POS) Tags

Sentiment
Analysis

Supervised
Learning

Syntax Analysis
Tokenization
Transfer Learning

Unsupervised
Learning

Vectorization
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