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

rirarstact pop() (ot o) 1

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

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

, myStack)

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

45

32

The new stack after pop: [1, 21]

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

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

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

for i in range(a): ( . S Ll
NES RSN Gl
myStack.pop() ) -

v 2
print(myStack) Lw-&aﬂuﬁﬁawtﬁ
myStack.pop()

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

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

7 myStack.pop() uSeall o Uasztl ygbas

8 print(myStack) (o yal ~.-5;j}~@y£,

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

IndexError: pop from empty list

IndexError . ,gal! Uas
pyuish paid 3 Vs g folalt uiSHl e ynie caia ol Eoo€ Lauie Tas jogls daaSla
Al yuoie Bl Mjbud:éwlsﬁ 2 yuolic 359 (e 3amill Lags clile . (Stack Underflow)
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def push(stack,element):
stack.append(element)
def pop(stack):
return stack.pop()
def isEmpty(stack):
return len(stack)==0
def createStack():
return []

newStack=createStack()
while True:
print("The stack so far is:",newStack)
print("--------------mmmmm o ")
print("Choose 1 for push")
print("Choose 2 for pop")
print("Choose 3 for end")
print("---------------"----- - ")
choice=int(input("Enter your choice: "))
while choice!=1 and choice!=2 and choice!=3:
print ("Error")
choice=int(input("Enter your choice: "))
if choice==1:
x=int(input("Enter element for push: "))
push(newStack,x)
elif choice==2:
if not isEmpty(newStack):
print("The pop element is:",pop(newStack))
else:
print("The stack is empty")
else:
print("End of program")
break;



The stack so far is: []
Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 1

Enter element for push: 26
The stack so far is: [26]
Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 1

Enter element for push: 18
The stack so far is: [26, 18]
Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 1

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

Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 2

The pop element is: 23
The stack so far is: [26, 18]
Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 2

The pop element is: 18
The stack so far is: [26]
Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 3

End of program
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myQueue=[1,21,32,45]
print("Initial queue: ", myQueue)
myQueue.pop(0)

myQueue.pop(0)

print("The new queue after pop: ", myQueue)
myQueue.append(78)

print("The new queue after push:

, myQueue)

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

poliall fya yeolladl &J/m;ui {7;‘ @L;tjb)f”@uﬁwd»dﬁu La.,\_;.ca_\z_).@l.a.,\.b\_&]gg

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

for i in range(a):

myQueue.pop(0)

print(myQueue)
myQueue.pop(0)

, myQueue)

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

[]

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

7 myQueue.pop()

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

IndexError: pop from empty list
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Queue Applications jgsllall e Sl cdal
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Stack and Queue Using Queue Module

(Queue MOdU|E)JyMw!S»ﬂ|Q§uu‘M‘aiﬁ§ wlsi_u;\swy&hmgputuzs_‘ S il S
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.queueName dew!l 12ua> el S5 | queueName=queue.Queue()

Dgllatl I X yniall (o queueName.put(x)

oplall @z Aoy sga queueName.qgsize()

S cym S s tallly yosUail ooal oSl pecaiadl cBiiady  \2o pas queueName.get()

(L) False iegdy  Lilias jeulladl olS Ol () True aeds g3 queueName.full()
138 €A e Leaales (e <Ll ygollall oIS o)

(Las) False aaally Lijlbjj_)ua_n OIS ol (peme) True daiss 393 queueName.empty()
138 IS e Lgaas (S Lilias jpollall oIS ol

from queue import = N

.J,,.m:bw;\sinyqs&‘,,eua.uwts»ynyt,bgm

myQueue = Queue()

# add the elements in the queue gl clady ada sl Heulladl 3us g ‘:.:\_:L"u.‘.nfu.u
myQueue.put("a") e
myQueue.put("b") selde JEL 1Da 2
myQueue.put("c") . . .
myQueue . put("d") (Queue) ygullalt ddaadl usgll Sl ,0wl ©
myQueue.put("e") gl @Sbjael.\xu'!
# print the elements of the queue : (“.sﬁf'ua) myQueue V“'”L' @Lb”"ua ‘L‘:""; °
for element in list(myQueue.queue): Dssllatl e od e b iasliadl dals| @
print(element) - -

(golb) myQueue
)yLJaJ‘ ).‘aLlc a.c\_.da °
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from queue import =

myQueue = Queue()

# the user enters the elements of the queue for i in range(5):

for i in range(5):
element=input("enter queue element: ")

myQueue.put(element)

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

print ("Queue size is:

enter
enter
enter
enter
enter

12

23
Queue

queue
queue
queue
queue
queue

element:
element:
element:
element:
element:

size is: 5

from queue import =

myQueue = Queue()

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

)
)
)
)
)

", myQueue.qsize())

12

23

z

Lliea ‘;‘ LZ)L’:)}JUQJ\ uls‘_,i[_‘_‘, 330 "”L;ALJJ_\ Zr‘:“"g‘

checkFull=myQueue.full()

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

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

Is the queue full? False
Is the queue empty? False

gl @ oo
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.stackName dewl 1250 quiuuu stackName=queue.LifoQueue()

.wi\sil oo ) penall (Bl stackName.get()
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from queue import =

(58 Jaad uitSE 2 Ollaall O 8005

myStack = LifoQueue() (LIFO) ¥ i 7y 1331 Coliat  5use Las

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

)
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(FIFO) ¥ 5l yns ¥ 5f Caliak i urc 15

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

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

H Y T O QO ®

s the stack empty? True
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# import the queue library

from queue import =

# import the time library to use the sleep function

import time

# initialize the variables and the queue

printDocument = " "

printQueueSize = 0

printQueueMaxSize = 7

printQueue = Queue(printQueueMaxSize)

# add a document to print the queue

def addDocument(document):
printQueueSize = printQueue.qgsize()
if printQueueSize == printQueueMaxSize:

print("!! ", document, " was not sent to print queue.")
print("The print queue is full.")

print()

return

printQueue.put(document)
time.sleep(0.5) #Wait 5.0 seconds
print(document, " sent to print queue.")
printQueueSizeMessage()
# print a document from the print queue
def printDocument():
printQueueSize = printQueue.qgsize()
if printQueueSize ==
print("!! The print queue is empty.")



print()
return
printDocument = printQueue.get()
time.sleep(1) # waitone second
print ("OK - ", printDocument,
printQueueSizeMessage()
# print a message with the size of the queue
def printQueueSizeMessage():
printQueueSize = printQueue.qsize()
if printQueueSize ==
print ("There are no documents waiting for printing.")

is printed.")

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

print()
# the main program
# send documents to the print queue for printing
addDocument("Document A")
addDocument("Document B"
addDocument("Document C
addDocument("Document D"
addDocument("Document E
addDocument("Document F
addDocument("Document G
printDocument()
addDocument("Document H")
printDocument()
addDocument("Document I")
printDocument()
addDocument("Document J"
addDocument("Document K"
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Monday

A 3L Gl 1 850 auitaiion 3 Ul o2ag 3l 34.2.2‘,19&;51:-.3 Uy yie 218 L) o AL 3glas]
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# single node
class Node:
def __init__(self, data = None, next=None):
self.data = data
self.next = next

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

# list linked with a single node
Linkedlistl = LinkedList()
Linkedlistl.head = Node("Monday")
print(Linkedlist1.head.data)

Monday



12
[node|

gl 3 RSLEN 1)zl cpe a3l oY Cas]

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

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

# the main program

linked_list = LinkedList()

# the first node

linked_list.head = Node("Monday")

# the second node

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

# the third node

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

# print the linked list

node = linked_ list.head L S ‘. 2

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

node = node.next

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

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

def insertAfter(new, prev):
# create the new node
new_node = Node(new)
# make the next of the new node the same as the next of the previous node
new_node.next = prev.next
# make the next of the previous node the new node
prev.next = new_node

# create the linked list
L_list = LinkedList()

# add the first two nodes
L_list.head = Node(12)
second = Node(99)
L_list.head.next = second

# insert the new node after node 12 (the head of the list)
insertAfter(37, L_list.head)

# print the linked list
node = L_list.head
while node:
print (node.data)
node = node.next

12
37
99

Delete a Node from a Linked List ks 2581 daiLat) (pe 3gall Gl
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# single node
class Node:

def __init__(self, data = None, next=None):

self.data = data
self.next = next

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

def deleteNode(key, follow):

# store the head node
temp = follow.head

# find the key to be deleted,
# the trace of the previous node to be changed
while(temp is not None):
if temp.data == key:
break
prev = temp
temp = temp.next

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

# create the linked list
L_list = LinkedList()

# add the first three nodes
L_list.head = Node(12)
second = Node(37)

third = Node(99)
L_list.head.next = second
second.next = third

# delete node 37
deleteNode(37,L_1list)

# print the linked list
node = L_list.head
while node:
print (node.data)
node = node.next

12
99
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myTree = {

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

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

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

}
print(myTree)

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

Data Structures

(Linear) (Non-linear)

—

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

(ree) Corenr)

_I
(Stack) (Queue)( Linked List )
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Tree Data Structure in Python
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[None, 'f'],
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myTree = {|["Data Structures"|:[|["Linear"],["Non-Tlinear]"],
"Linear":["Stack","Queue","Linked List"],
"Non-linear":["Tree", "Graph"]l}

for parent in myTree:
print(parent, "has",len(myTree[parent]), "nodes" )
for children in myTree[parent]:
print(" ",children)

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

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

{'a’: ['b', 'c'], 'b': ['c', 'd'], c': [d, e,
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# function for adding an edge to a graph
def addEdge(graph,u,v):
graph[u].append(v)

# function for generating the edges of a graph
def generate_edges(graph):
edges = []

# for each node in graph
for node in graph:



# for each neighbouring node of a single node
for neighbour in graph[node]:

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

# main program
# initialisation of graph as dictionary

myGraph = {"a" : ["b","c"],
"b" : ["c", "d"],
"c" ¢ ["d", "e"],
"d" o [1,
"e" : [1,
}

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

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

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

The graph contents

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

[('a" 'b')l ('a" 'C')I ('a" 'e')l (lbll 'C')I (lbll 'd')l (lcll 'd')l
('e'y e, (e, )]



PEAZEN

g i (e SL Basl ek il JSLa 2 semiall dayy (Sas -1

Aasdl ol lBladl JS L i ye 1 oiat 38T ¢S Aaidl cubilod! JSLas 2ats .2

AEL Jola e ggimd 1Al 3y @l 23155913

Amaint Lol L aa¥l (PageRank) dmiall Cadont J593 da))lgh cums .4
ALl gl 3l e oy

(& S yygentd a il el 3 a Burmall clSal 5

Ollabsdly s ¥ cns Gla MYl g e

ke Slacdatt 1 2 Sl Slie) )l Adiiad oS Cau e




.Bﬁﬁd';u@gy W‘;L@u;}’\e&\é‘)&.ﬂ&ﬁ| 0

Rl =il ajljg
Ministry of Education
2025 - 1447

R

\

\
1
[}
1

64



LS Ol giome Ao AL 5 gl l D dlolel yglay ‘E’

‘EJ:'-..&J‘J:«:LQSJQSi °

Book
C1
Cl.1
C1.2
C2
C2.1
Cc2.1.1
C2.1.2
C2.2
C2.3
C3

Ll | Sle S2SLS S s o0 S0 0

pul = ill ajljg
Mini@r‘léoF Education

2025 - 1447



:@m‘&w‘@@m‘sj?ﬁﬂpu)‘ G
CyBole,d Lt Asuaall o
B auzalt gy duwiss Jo¥i Legt Eg D Olinall
.Cauaall 9o duwds Jo¥ Lagly (sliaas Gy F olinzall
Fdoisage Lyl | Oliue ,8 Olaae Lgt H sagat

A1 2 hn guu 11 5 poii ¢ 95 Lo




e yall adally Juo ¥ Badall cadsl @b @ padd | ois (el cowlill el ;d | CaST & gl | 2ad 2 yu galat| plasiuly




algog By e 2L g il ol 2 Saall Lanill A 35
by dagiag g calbge Ll rany . clidl g 53 )
Oliads 58 Juee JSI dausd)

Sliee 40 il 2 550lall Joloty ol end ¥

3! @ S| et Ol AL Lamali s G-l

(1) NEXT i (Js>s) ENTRY

el oyl 1y ¢ (Jg3) ENTRY aaall cdss o) @
LS 2 aleaW sue ksl g)_ﬁal_uﬂ Lasarg Jiaall
ey gl oLBiad aliatl oIS o) .aabal 5Liaswt
¢ »all) The branch is full. Come another day
(AT age 2 sagall cla 1 G lias

ol gl o ¥ (AL) N/EZ{T Lol clasl gl @
el 4 adziu (M1 L Juead!

A2 o Mae cllin (yeSs Y i o el domingll dulanll 5 <
R

il gl elS il 5 Shaall s @
M‘JU@L‘ C&juhl.ujlﬂ O

68



cdalaintf Silile JSud g 3 pamiid| Olila JSud o SR Y dadan <

-0 Aoy ART AUy 3u4Ball SBLLT) JSLD Gedad <

Deasmn Tree
Dequeue

Dlrected Graph

Underflow

Undirected
Graph

u
)
Cealas 1300

e Llas¥! ¢ ISI asgae <

oLl ¥ ¢ ISAN Sl Cadual <

St S L caiual <

a5l t Sy Uty (swntSH oty JSeid (s LB W1 skt <

Aad AN OLe JSed g AedlEH Sk IS Croy LB Y1 dgutoss <

ALy 3

|




e llaw¥ ¢ (SUI) Sl gs .2

LhM'MM?!&Mb‘,&!M,&SMﬂ' sl B ot llal C patew
mebwam&aﬂ&smm (Al) elidac¥ g ISAT
u\.u))'pp.b.u.up\.«:mij @Cﬂ‘wmyoamm)a 2 ko el gal I

e Y 2 Aima ycilae »‘@uma,md,.@/sua,:@m

2

PP (P TRVY

1O ohe 13313 CO AN & 98w Bl o1 028 Aol

L 5S3 Liva o Lakadie Gy <

357 gy Gt e}yl 93 9 £ LS g oy Gl g3yl g (i (ylis <
G

A LAty Comd) Olieyl g iay <

i) Cilgayl s (e 1yl <

e g3 e @3N AL Cuay <

3Gl OIS S el i o lilam¥! ¢ (SA z3Le oy <

o LAST GIAT guali ) Be LS g ome y 1 abadl LS iy <

L AaB1 11 Slind! OMIShe (o 3ISLont geal pd yatas <

i Sla3 9 (s 0yl <

i ga¥ |

(Jupyter Notebook) i g S)izu <




B it dasly

Ja¥1 gyt

(1A ¢ Le i

www.ien.edu.sa

b
Dividing the Problem a{SCad ! @mwwds
LS 33039 gl ! daeasd 251, gl el @latien oyl 1202
Lo g cdla oy 1 nus Bgaius oo g gadual] ot Lasie STy Lo yal gl i€y 3iua GU | puand 03 &1ty o)f S
R-TRV1| INCET I PRI L;gi 2_ (5 yal ol Sy i 108y cdlal oy JaT G g i

Recursion 31431 ¢ Lelw ¥

SIS (o Ao gazma ) ASAL @l Gaybo (e g sl asle 2 ISl o 35150 aal 5o 31l le i)
;Lcucwy\a;xu;.ays_;mm@@g;,@mgm\M@watwa@mﬁw- [
eyl i @lane decad LeS o6, Y esligdailly Juidiad! delas] Alawlgy 31201

Loctie 51T sle cliw ) Gt
QSJ}A“ Q“ i gt
Nidal Y81y 2alisee Clils ae

Bg-tuall 7|

¥

019 Bl D g
1 sle Y

.a\um% E2BINI< -

71




def mySumGrade (gradeslList):
sumGrade=0
1=1len(gradeslList)
for i in range(l):

(T s et W1 e e 3,083 36

sumGrade=sumGrade+gradesList[i]

return sumGrade

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

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

Al e le oo
.mySumGrade

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

SN 2 oliall sie

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

The average grade is: 92.5
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recurseFunction()
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# recursive function
def recurseFunction():
if (condition): # base case
statement
else:
#recursive call
recurseFunction()

# main program

# normal function call
recurseFunction()
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# calculate the factorial of an integer using iteration

def factoriallLoop(n):
result = 1
for i in range(2,n+1):
result = result = i

return result

# main program

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

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

Type a number: 3
The factorial of 3 is:6
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# calculate the factorial of an integer using a

# recursive function
\ def factorial(x):
@* (2) w9 pinn > return 1
Y LA e O ) sl Ul
return (x actorial(x Sl
@*( (1) 29 pna >) # main program
Y num = int(input("Type a number: "))
\ f=factorial(num)
print("The factorial of ", num, " is: ", f)
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Type a number: 3
The factorial of 3 is: 6
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def findMaxRecursion(A,n):

if n==1:

m = A[n-1]
else:

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

def findMaxIteration(A,n):

m = A[0]

for i in range(1,n):
m = max(m,A[i])

return m

Aa il 13 juaiall MaX() ANl 7 il

.(myList 2 , S¥ 4Bl g3 yniall) , &Y

# main program

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

1 = len(myList)

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

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

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

<< max(A[2], findMaxRecursion(A, 2)) )
\\
@ << max(A[1], findMaxRecursion(A, 1)) )
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def powerFunRecursive(baseNum,expNum):
if(expNum==1):
return(baseNum)
else:
return(baseNum+powerFunRecursive(baseNum, expNum-1))

def powerFunIteration(baseNum,expNum):

numPower = 1

for i in range(exp):
numPower = numPower=base

return numPower

# main program

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

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

print( "Recursion: ", base, " raised to ", exp, " = ",numPowerRecursion)
numPowerIteration = powerFunIteration(base,exp)
print( "Iteration: ", base, " raised to ", exp, " = ",numPowerIteration)
Enter number: 10
Enter exponent: 3
Recursion: 10 raised to 3 = 1000
Iteration: 10 raised to 3 = 1000
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graph = {
||A|| . [llBll'llcll]’
uBu : [“D“,“E“],

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

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



queue.append(node)

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

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

queue.append(neighbor)

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

Al Sl ele le w Y

# main program
dfs(visitedDFS, graph, "A")
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import json #a library used to save and load JSON files
2 a0 1o
‘)gi E=15v-1l
¢ g DOOE # the file with the symptom mapping
symptom_mapping_file='symptom_mapping_v1.json'
l l # open the mapping JSON file and load it into a dictionary
o with open(symptom_mapping_file) as f:
3 2 1 mapping=json.load(f)
—— ey
# print the JSON file
s bl gy ulall Gagiedal) 2.8 JS print(json.dumps(mapping, indent=2))
acfsall e @LaN e liba ¥l 1S3
{

"diseases": {

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

]r

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

]1

"appendicitis": [
"abdominal pain",
"vomiting",
"fever"
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def diagnose_vi(patient_symptoms:list):
diagnosis=[] # the list of possible diseases
if "vomiting" in patient_symptoms:
if "abdominal pain" in patient_symptoms:
if "diarrhea" in patient_symptoms:

# 1:vomiting, 2:abdominal pain, 3:diarrhea
diagnosis.append('food poisoning')

elif 'fever' in patient_symptoms:

# 1:vomiting, 2:abdominal pain, 3:fever
diagnosis.append('food poisoning')
diagnosis.append( 'appendicitis"')

elif "lower back pain" in patient_symptoms and 'fever' in patient_symptoms:

# 1:vomiting, 2:lower back pain, 3:fever
diagnosis.append( 'kidney stones')

elif "abdominal pain" in patient_symptoms and\
"diarrhea" in patient_symptoms and\
"fever" in patient_symptoms:\
# 1:abdominal pain, 2:diarrhea, 3:fever
diagnosis.append('food poisoning')

return diagnosis
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# Patient 1

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

print('Most likely diagnosis:',diagnosis)

# Patient 2

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

print('Most likely diagnosis:',diagnosis)

# Patient 3

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

Most likely diagnosis: ['food poisoning', 'appendicitis']
Most likely diagnosis: ['kidney stones']
Most likely diagnosis: []
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symptom_mapping_file='symptom_mapping_v2.json'

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

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

{ "headache",
"diseases": { "tiredness",
"covid19": [ "stuffy nose",
"fever", "sneezing",
"headache", "sore throat",
"tiredness", "cough",
"sore throat", "runny nose"
llcoughll ]'
1, "allergies": [
"common cold": [ "headache",
"stuffy nose", "tiredness",
"runny nose", "stuffy nose",
"sneezing", "sneezing",
"sore throat", "cough",
"cough" "runny nose"
1, 1
“‘F.l.u“: }
"fever", }
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def diagnose_v2(patient_symptoms:list,
symptom_mapping_file:str,
matching_symptoms_lower_bound:int):

diagnosis=[]

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

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

# for every disease
for disease in disease_info:

counter=0
disease_symptoms=disease_info[disease]

# for each patient symptom
for symptom in patient_symptoms:

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

if symptom in disease_symptoms:
counter+=1

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

return diagnosis
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# Patient 1

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

# Patient 2

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

# Patient 3

my_symptoms=["'fever', 'cough', 'vomiting']
diagnosis=diagnose_v2(my_symptoms, 'symptom_mapping v2.json' , 3)
print('Most likely diagnosis:',diagnosis)

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

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

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

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

"very common": [ }
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from collections import defaultdict
def diagnose_v3(patient_symptoms:list,
symptom_mapping_file:str,
very_common_weight:float=1,
less_common_weight:float=0.5

E

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

disease_info=mapping[ 'diseases']

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

for disease in disease_info:

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

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

for symptom in patient_symptoms:

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

elif symptom in less_common_symptoms:
disease_scores[disease]+=1ess_common_weight

# find the max score all candidate diseases
max_score=max(disease_scores.values())

if max_score==0:
return []

else:
# get all diseases that have the max score
diagnosis=[disease for disease in disease_scores if disease_scores
[disease]==max_score]

return diagnosis, max_score
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# Patient 1

my_symptoms=[ "headache", "tiredness", "cough"]
diagnosis=diagnose_v3(my_symptoms, 'symptom_mapping_v3.json')
print('Most likely diagnosis:',diagnosis)

# Patient 2

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

# Patient 3

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

Most likely diagnosis: (['flu'l, 3)
Most likely diagnosis: (['common cold'], &)
Most likely diagnosis: (['common cold', 'flu'l, 4)
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import pandas as pd #import pandas to load and process spreadsheet-type data
medical_dataset=pd.read_csv('medical_data.csv') #load a medical dataset.

medical_dataset

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

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_v4(train_data) # train a model
print(my_tree.classes_) #print the possible target labels (diagnoses)
plt.figure(figsize=(12,6)) #size of the visualization, in inches
# plot the tree
plot_tree(my_tree,

max_depth=2,

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

)

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

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]

/N /N N /N
I EEEEEEmE
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plot_tree(my_tree,
max_depth=2,
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sore throat <= 0.5 sore throat <= 0.5
gini = 0.606 gini = 0.507
samples = 791 samples = 609
value = [354, 340, 71, 26] value = [0, 5, 287, 317]
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runny nose <= 0.5 tiredness <= 0.5 sneezing <= 0.5 headache <= 0.5
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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# functions used to evaluate a classifier
from sklearn.metrics import accuracy_score,confusion_matrix

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

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

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

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

0.8166666666666667
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confusion_matrix(test_diagnoses,pred)

array([[143, 3, 0, 0],
[ 48, 98, 5, 4],
[ 2, 1, 127, 121,
[ 1, 3, 31, 12211)
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import numpy as np

# create a numeric 3 x 3 matrix full of zeros.
small_maze=np.zeros((3,3))

# coordinates of the cells occupied by blocks
bIOCkS:[(ly 1)1 (21 1)1 (21 2)]

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

small_maze

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

@l 15ue J881y 53V 5Ll syl 4o Caugl!
3yl Aalil Ol (e @ g LM i
g 01 W1 6yl e S Al 953 13353
fe Jolaall Js o 3oyl LS Aaylgadl (e
Ed
Lalie S ALl 3aaally 5,080 culalat
oM e 533 311 10,000x10,000
egiieg subat JISAT2 ac 5ol 5ol
Gl I el plasl) alasiul o Sa
JUL) 55ml slily Zegama s LasY osilyl
2,18 Jsadl 2 oS4



O5San . (Ones) sla¥l dlga 2ty (Zeros) Hlaw¥h dalall Ll

=N

Z

#

Jiad aaliall o Il J il 1aa 2

J.'«.A Lavaa_U 3.\.234::3 3):.__6 olaliae ;Lﬁ.u:g EUM ium_ngzn).m t’a.ﬁl‘ [LTRES

import random

random_maze=np.zeros((10,10))

# coordinates of 30 random cells occupied by blocks

blocks=[(random.randint(0,9),random.randint(0,9)) for i in range(30)]

for block in blocks:
random_maze[block]=1

sl Jen A0l A1l a2

import matplotlib.pyplot as plt #library used for visualization

def plot_maze(maze):

ax
ax
ax
ax

= plt.gca() # create a new figure
.invert_yaxis() # invert the y-axis to match the matrix
.axis('off") # hide the axis labels

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

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

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

# list of accessible neighbors, initialized to empty
neighbors=[]

x,y=cell

# for each adjacent cell position

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

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

(x+1,y+1)]:

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

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

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

return neighbors
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0 1 2

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

[((1, o), 1)1

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

s £
oot

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

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

shortest_path.append(my_parent) #append the parent

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

return shortest_path
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from typing import Callable # used to call a function as an argument of another function

def bfs_maze_solver(start_cell:tuple,
target_cell:tuple,
maze:np.ndarray,
get_neighbors: Callable,
verbose:bool=False): # by default, suppresses descriptive output text

cell_visits=0 # keeps track of the number of cells that were visited during the search
visited = set() # keeps track of the cells that have already been visited
to_expand = [] # keeps track of the cells that have to be expanded

# add the start cell to the two lists

visited.add(start_cell)

to_expand.append(start_cell)

# remembers the shortest distance from the start cell to each other cell
shortest_distance = {}

# the shortest distance from the start cell to itself, zero



shortest_distance[start_cell] = 0

# remembers the direct parent of each cell on the shortest path from the start_cell to the cell
parent = {}

#the parent of the start cell is itself

parent[start_cell] = start_cell

while len(to_expand)>0:
next_cell = to_expand.pop(0) #getthe next cell and remove it from the expansion list

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

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

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

cell _visits+=1
if neighbor not in visited: #ifthisis the first time this neighbor is visited

visited.add(neighbor)

to_expand.append(neighbor)

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

# target reached
if neighbor==target_cell:

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

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

+CoSst:

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

# search complete but the target was never reached, no path exists
return None,None, None
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start_cell=(2,0) #start cell, marked by a star in the 3x3 maze
target_cell=(1,2) #target cell, marked by an "X" in the 3x3 maze

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

print('\nShortest Path:', solution)

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

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

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

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

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

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

Shortest Path Distance: 3

Number of cell visits: 10
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def get_accessible_neighbors_weighted(maze:np.ndarray,
cell:tuple,
horizontal_vertical_weight:float,
diagonal_weight:float):



neighbors=[1]
x,y=cell

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

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

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

return neighbors
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from functools import partial

start_cell=(2,0)

target_cell=(1,2)

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

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

print('\nShortest Path:', solution)

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

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

Shortest Path Distance: 7

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

return 1
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def get_best_candidate(expansion_candidates:set,
shortest_distance:dict,
heuristic:Callable):

winner = None
# best (lowest) distance estimate found so far. Initialized to a very large number
best_estimate= sys.maxsize

for candidate in expansion_candidates:

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



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

winner = candidate
best_estimate=candidate_estimate

return winner
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import sys
def astar_maze_solver(start_cell:tuple,
target_cell:tuple,
maze:np.ndarray,
get_neighbors: Callable,
heuristic:Callable,
verbose:bool=False):

cell_visits=0

shortest_distance = {}
shortest_distance[start_cell] =

parent = {}
parent[start_cell] = start_cell

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

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

best_cell = get_best_candidate(expansion_candidates,shortest_distance,heuristic)
if best_cell == None: break
if verbose: print('\nExpanding cell', best_cell)

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



shortest_path=reconstruct_shortest_path(parent,start_cell,target_cell)

return shortest_path, shortest_distance[target_cell],cell_visits
for neighbor,cost in get_neighbors(maze, best_cell):

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

cell_visits+=1

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

expansion_candidates.add(neighbor)
parent[neighbor] = best_cell #mark the best cell as this neighbor's parent

# update the shortest distance for this neighbor
shortest_distance[neighbor] = shortest_distance[best_cell] + cost

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

shortest_distance[neighbor] = shortest_distance[best_cell] + cost
parent[neighbor] = best_cell
if neighbor in fully_expanded:
fully_expanded.remove(neighbor)
expansion_candidates.add(neighbor)

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

fully_expanded.add(best_cell)

return None, None, None # no solution was found
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start_cell=(2,0)
target_cell=(1,2)

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

print('\nShortest Path:', solution)

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

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

Shortest Path Distance: 3

Number of cell visits: 12
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start_cell=(2,0)
target_cell=(1,2)

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

solution, distance, cell_visits=astar_maze_solver(start_cell,

target_cell,

small_maze,

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

constant_heuristic,

verbose=False)



print('\nShortest Path:', solution)

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

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

Shortest Path Distance: 5

Number of cell visits: 12

Jazﬁlfaﬁybbmul“}mb Ligigll Wl > e astar_maze_solver() 3,3 x5l @:;
alasnl l..\,ﬁc_mytuj 5Laydad dlealaakn[(2.1)(2.0). (1 0) (0.0):(0.1).(0.2)]
LA a0 day JJ@JA.A.AJ‘?‘JML!J.LA}“J:J‘ A\m‘uﬁ;L&n.\ugﬁ‘owumMJ)‘P

Algorithm Comparison L)yl gdd| Cpw 43 yLats
a))lsng (BFS) plud¥i iy ol obs oo aa )l o 35 Lall o 2L 35lasndl
Jan STy L ST dalie 2 (A* search) Juad¥i i gt ol cosd!
il olg e el £ LasY gl 23l I eyl pdaill @l

( (faigiwall al1) target_cell )

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

# coordinates of the cells occupied by blocks

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

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

aliell 30 gl Aty 4yl ! 351223 IS big_maze[block]=1

(fulodl 24s) start_cell )

u_” dﬁ—@}‘-' LAJ)\AJQ.C)U‘uJLUJ_uJCc_%PJS_quLPBAJ‘UJMUJLd}m 15x15 MLLU&..\.A
«_«:-..;J‘Ld:-..ﬂobb (BFS solver) tLu.»Y' 4.}3.'}\.} M!Ld}.ﬂa!_ﬂ‘am ‘c_' XMl J..\.'zl‘ caugll

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

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

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

print('\nBFS unweighted."')

print('\nShortest Path:', solution_bfs_unw)

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

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

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

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

BFS unweighted.

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

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 1237

A* Search unweighted with a constant heuristic.

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

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 1272

start_cell=(14,0) 09598yl ¥
target_cell=(5,10)

horz_vert_w=1
diag_w=3

solution_bfs w, distance bfs w, cell visits_bfs w=bfs_maze solver(start_cell,
target_cell,



big_maze,

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

verbose=False)

print('\nBFS weighted.")

print('\nShortest Path:', solution_bfs_w)

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

solution_astar_w, distance_astar_w, cell_visits_astar_w=astar_maze_solver(start_cell,

target_cell,

big_maze,

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

constant_heuristic,

verbose=False)

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

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

BFS weighted.

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

Cells on the Shortest Path: 26

Shortest Path Distance: 30

Number of cell visits: 1235

A* Search weighted with constant heuristic.

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

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell visits: 1245



(AIS g5 yiall dalitl 2 Lgde cdins Il Gl pa mSliisl 3ol g

Sheddl e ystall 2 (A* search) (sl agglsl condly (BFS) gloa¥l agslsl el Likad)lps comani
ISYSYSUROFSS RWS VL OO |

1272 Jslaa 1237 sa5 LIS (e J31 sue amd aay S (BFS) L ¥ 4y oY oy 1 Aad)l9> iy @
-(A* search) Juad¥ia gt gl ot da))los 2

e G 9l 5o M a3V Ll e sotall 2 (BFS) plad¥ i an gl comdt due))lss clin @
30930 Jslos Hliwa e

Syie Eoo 9ioll sl BV Ll e (A% search) Juad¥iayghgl comid i 3ua))los oyic @
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(BFS) gLai¥f 1 g7l cuomad) Bn )93 t03la 355501 Bt g 201 W1 Ll ittt ) il @ S

A G939ll 5laa I (A* search) Juad¥ i d ot ol cum 1 3ad)lsans

maze_bfs_w=big _maze.copy() maze_astar_w=big_maze.copy()
for cell in solution_bfs_w: for cell in solution_astar_w:
maze_bfs_w[cell]=2 maze_astar_w[cell]=2
plot_maze(maze_bfs_w) plot_maze(maze_astar_w)
(.(A* search) Juas¥l ayglsly e | azm;)tj;;) ( -(BFS) gLus¥l 2uglsly ! 2a3)ls> )

JuaW duglgly com LW Anglgly comdl indslsin Sl o 25150 12,24 S

as),.JI‘T‘_zq:.,.LgJF_“.:(A*search)d.aé%ﬂ@,:,L%gt@;jpds@\M\Obm\..\53:.

oo, At ol ot 8593 ol (s ] B U (yng Bl 1o BumaN1 0yl (e e T Lgrals ()Y i a0l
:::'..:-. CJEMJ)‘}}J‘Q&JMLQL)L&A&L&&A}m&giiagbﬁjﬁﬁdsmsw‘ﬁc(BFS) M;Y‘
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3yl |y 9 3 pcCiud) Slea )yl gdelt (o Adylde 12,6 Jou>

ueLuaJ'..H.E.ﬁJ\

(Computational Complexity)

3yl etiadslesdh oye U]

ol oo 2 g 5 (Efficiency) 3¢Las3!

Gl IS fin S o) Ales yud

W PYCOP | RIS O P T

(Performance) s1s¥!

.éUa_u‘ tl.u‘j .éUa_d‘
Jia¥ ol 305 e IS duulia Yyla 350 (Effectiveness) adlaall

e Sy Ja Sl e 55l Uiy (BFS) gl ¥1 iy o8 gl o1 ipo sl o 5Ll gl ccslIs g
Comd 3y g3 2183 ,3ST Vil judgn Gl Aadlaia (Sas Lg)sll el Al 2 LS (e J31 sie ey
ilgile Aalue 5 Ll I 3ocdl alagball 2 50 adl J¥awYly (A% search) Jas¥i ayslsly
e Yl oLisl ISl &@5:. Wua,juj:@mu‘»\w_. Aallsll wildy il pgaza a9 (Manhattan Distance)

:olgile 2olics Clos oS
Manhattan Distance (i lgile 42 lue

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

B (x2, y2)
—®

r

A (x1, y1)

oilgile aaliia 12.25 K



i LeS Oginld) 015 3 500 2. g gua 10 Gudal (e
def manhattan_heuristic(candidate_cell:tuple,target_cell:tuple):

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

astar_maze_solver() eed (S J¥uiu¥ s al il 0180 HLasy Ll G ome pll alasl ﬁ;a_u;
2393501yl s Wig3oll WLl (o S 2 gyl IS cm il 2

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

solution_astar_unw_mn, distance_astar_unw_mn, cell_visits_astar_unw_mn=astar_
maze_solver(start_cell,

target_cell,

big _maze,

get_accessible_neighbors,

manhattan_heuristic,

verbose=False)

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

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

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

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

print('\nAx Search weighted with the Manhattan heuristic."')
print('\nShortest Path:', solution_astar_w_mn)

print('Cells on the Shortest Path:', len(solution_astar_w_mn))
print('Shortest Path Distance:', distance_astar_w_mn)
print('Number of cell visits:', cell_visits_astar_w_mn)



A Search unweighted with the Manhattan heuristic.

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

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 865

A Search weighted with the Manhattan heuristic.

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

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell visits: 1033

Gt dua )l g3 @ dalasinl (S (Manhattan Distance) (yilgile adluce J¥ el ol bl as
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%%capture # capture is used to suppress the installation output.

# install the pandas library, if it is missing.

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

imdb_train_reviews

text label OE5‘3~3 K Lj‘ér .--‘ Sﬁ
0 | grew up (b. 1965) watching and loving the Th... 0 DataFrame «;»ULH icgan
1 When | put this movie in my DVD player, and sa... 0 (pdgae e uf}"‘-"':
2 Why do people who do not know what a particula... 0 . 1 Y e
3 Even though | have great interest in Biblical ... 0 ( s ‘) |
R 31 e
4 Im a die hard Dads Army fan and nothing will e... 1 )
39995 "Western Union" is something of a forgotten ¢l... 1 U"L*-f‘ (o )
39996 This movie is an incredible piece of work. It ... 1
39997 My wife and | watched this movie because we pl... 0 ( ‘,..Lw (e )
39998 When | first watched Flatliners, | was amazed.... 1
39999 Why would this film be so good, but only gross... 1 2 .
Lesbeo Loy S5 0 2l
x & z N . .
40000 rows x 2 columns L....@“H 3 i 1 Al Leia
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# extract the text from the 'text' column for both training and testing.

X_train_text=imdb_train_reviews['text'] g 5
2 sale Yo X O 3,31 pctsntics

X_test_text=imdb_test_reviews['text'] i . y 2
QUL‘HJ‘QQ X).‘u._f_‘n 4:.-51“&.\.1:«."

# extract the labels from the 'label’ column for both training and testing. all (e Vg it als ot
Y_train=imdb_train_reviews[ 'label'] JAd gl |
Y_test=imdb_test_reviews[ 'label']
X_train_text #training data in text format

0 I grew up (b. 1965) watching and loving the Th...
1 When I put this movie in my DVD player, and sa...
2 Why do people who do not know what a particula...
3 Even though I have great interest in Biblical

4 Im a die hard Dads Army fan and nothing will e...
39995 "Western Union" is something of a forgotten cl...
39996 This movie is an incredible piece of work. It

39997 My wife and I watched this movie because we pl...
39998 When I first watched Flatliners, I was amazed....

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

DataFrame cbly fegams (e (X___train___text) co ol atial (e 3550 :3.4 IS5
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from sklearn.feature_extraction.text import CountVectorizer

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

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

X_train_v1 = vectorizer_vil.transform(X_train_text)

X_train_vi

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



# expand the sparse data into a sparse matrix format, where each column represents a different word.
X_train_v1_dense=pd.DataFrame(X_train_vil.toarray(),

columns=vectorizer_vil.get_feature_names_out())
X_train_v1_dense

00 000 007 01 02 04 05 06 07 08 .. zoo zoom zooming zooms zorro zu zucco zucker zulu uber

0 0 0 O 0 0 0O O 0 0 0. (1] 0 0 0 0 0 0 0 0 0

1 0 ¢ 0 0 0 0 0 O 0 O . 1] 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0O O O O O 0. 0 0 0 0 0 0 0 0 0 0

4 0 0 [ () () () o 0 0 0 0 0 0 0 0 0
39995 0 0 0 0 0 0 0O 0 0 0 . 1] 0 0 0 0 0 0 0 0 0
39996 O o 0o 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0
39997 0 ©0 0 ©0 0 0O O O 0O O . 0 0 0 0 0 0 0 0 0 0
39998 0 0 0 O 0 0 0O 0O 0 O . 1] 0 0 0 0 0 0 0 0 0
39999 0O 2 0 0 0o 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0

40000 rows x 23392 columns
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from sys import getsizeof

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

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

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

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

MegaBytes of RAM memory used by the sparse format: 4.8e-05
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# delete the dense matrix.
del X_train_vi1_dense
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Building a Prediction Pipeline

Al 5l ol elgmitls ool il Juied (e cifiad ol as O3
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paiug &« (Naive Bayes Classifier) zalutt jub ga_«.nz it
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from sklearn.naive_bayes import MultinomialNB

model_vi1=MultinomialNB() # a Naive Bayes Classifier

model_vi.fit(X_train_vi1, 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_vl = make_pipeline(vectorizer_v1, model_v1)

it 09 o lma¥) @umill 1 03 01 Lgid s o 3l Agaimn o oma pull g bl 1 s < JU Jes e

1 tledd!

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

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

cast and very interesting plot.'
'T was very disappointed with his film. I
lost all interest after 30 minutes' 1)
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prediction_pipeline_vil.predict_proba(['One of the best movies of the year. Ex
cellent cast and very interesting plot.'
‘I was very disappointed with his film.
I lost all interest after 30 minutes' ])

array([[0.08310769, 0.91689231],
[0.83173475, 0.16826525]1])
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# use the pipeline to predict the labels of the testing data.
predictions_v1 = prediction_pipeline_vil.predict(X_test_text) # vectorize the text
data, then predict.

predictions_v1l
array([0, 0, 0, ..., 0, 0, 0], dtype=int64)
u,.uws..umuﬁ(Confusmn Matrlx) .u!m}mm‘).umjuﬂls_..umuﬂaccuracy score()

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

0.8468



%%capture
I'pip install scikit-plot; #install the scikit-plot library, if it is missing.
import scikitplot; #importthe library

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

# plot the confusion matrix.
scikitplot.metrics.plot_confusion_matrix(
[class_names[i] for i in Y_test],

[class_names[i] for i in predictions_vi],
s title="Confusion Matrix", #title to use
~Aadgiall @uall cmap="Purples", # color palette to use

figsize=(5,5) #figure size
IE
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Explaining Black-Box Predictors 2 g« (3 gbiualt OLiiiio T

Do s Lol o5 Lt NN PR LN PO VN h’abﬂ\@@\cbu\}ébgﬁmﬁm
ol ERESPINEDO-A[F I PLIY SPO] ﬁmwﬂhﬁjw oy ‘:u._s_a_’ oo 5als e e Y asl Y lzdgeddl ablw
Lgalss ! m}m&www‘uy@,ﬁu}m oyuwy_ugwu el (e e s jrmd AL
IS 3] S0 ol catall pie oS g0 ol Y1 le Jud Los gyl JSsgl) 2 g 350
il AL A1 GaSlail g lBMall wgd 21 i (90 Las w50 IS 255wl el 51 5 l0 5 o g e Jgrcmnd|
cCdugial |

d_muum‘umw\@.s 13 389 el )il 2 1508 Lo el peeadtl] 3503 11 HLazaY|
p—l-u-” laad)lpd GalsD (i u—“ 338l (g Armall Sl gl 33l ilua ) g3l (e liadss
2 O3 Y LT Y1 aatly 5t alS ISy il 0gd Ll (pe @, Gl sasuad Bguieall lisine Il 4s sl
Bl @uaaay csliamill o2a e Cliall b1 (e spiadl g pal 1Al 3Lk aga (oS jued le 35513
dolti i geidl a3 pgd AW Bilugll (e susly a9 w¥l Goaiall Z3led @gdadaind judill e 3,005

-(Local Interpretable Model-Agnostic Explanations — LIME) 7 yad1g yewaidd Jalat At

C).Z’JUM S EY) okl st | 722 gaid
Local Interpretable Model-Agnostic Explanations - LIME

Giuall 73kl Loy cald Sl clgiad! yuuant 3 )Ja}a(L|ME)CfuJ|3J.w4.dJJJLaJ!UlallhuLa&‘ca_9.¢d1
afdn el Lgde da el yodicl yalgodumacdg2 suslyabilpdhad bl INA e LIy L 39
a1 5l o dacass aggde 350 gyl calaglal | 0 et ol @5 Sgail] 5 3,53 e Gl1d 155
o5ty el g pedil] JLall lomtl glomd] 35000l gy Aol Bleal) Laadlly i3] 02 jpadd le
colgally alatl Gle ;831 51 Leh Gl Ll 5T Lol e

el g (sl Al Gauls ol Lo

%%capture

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

# create a local explainer for explaining individual predictions
explainer_v1l = LimeTextExplainer(class_names=class_names)

# an example of an obviously negative review

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

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

print(prediction_pipeline_v1.predict_proba([easy_example]))

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

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

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

exp.as_list()

[('terrible', -0.07046118794796816),
('horrible', -0.06841672591649835),
('boring', -0.05909016205135171),
('plot', -0.024063095577996376),
('was', -0.014436071624747861),
('movie', -0.011956911011210977),
('actors', -0.011682594571408675),
('this', -0.009712387273986628),
('very', 0.008956707731803237),
('were', |-0.008897098392433257))1]
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# visualize the impact of the most influential words.
fig = exp.as_pyplot_figure()

Local explanation for class pos

terrible 1
horrible 1
boring
plot -
was
movie
actors 1
this -

Very 1
were 1

—0.07 -0.06 -0.05 —0.04 -0.03 -0.02 -0.01 000 001

ol alall 21550 Sle¥l el :3.9 <



Ll JL s e e comstl el | S Loy e laatt ottt Bt e bl el 3
Aaxalls 3ty 35l 53 e (5531 5l Lgt (Jas) bOriNgs « (g <) terribley .« (udsa) horrible
Bl il 3818 (5 ) LSy u..@\,i.h\;.:us_mcsj_ﬂm coans (10 very 2o . adlul
was gl (dwel,udl aS1) plot J_m,gutwuumumd Lu)cj..\_u..\ﬁ“_g)_uﬂ‘uﬁ‘ﬂﬂwb
S| gl LA}J&LUY‘\J?‘(Q_\MU‘J_SMU‘&))H” (eI pag . L;whmﬁu)l.n\.:m\.@](u\S)
.ﬁu|
CQ}kl;UA>‘LF;M‘)£4{%pAALg§;Jﬁj44Al)b:J‘dﬁa&néLl}“aﬁLy:LhAnJiuuji‘gJMJLdJDJA«J&QQ.M%
oalaglalls duudi )l 2 3l y el Aygaiall bl e 54 ‘ULW}MJ\ ;}m_mdmjmu@ S
Lo ¢l (Falyull A1) pIOtﬂt_n.\SJLA‘.\:u_u‘)_.S\WM‘M‘Q[S}H‘}J‘}MM&JL&‘JMUJL
Tt g poieandlld (LAY At | clont 73 godd 1 A0S (S g - s Bl 2 copusdl wie ((1S) Was sl
L s e <6531 31k gyl ugess y5uldl 3332 (LIME)

exp.show_in_notebook()

Prediction probabilities neg Pt 5 5 i B
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# an example of a positive review that is mis-classified as negative by prediction_pipeline_v1
mistake_example= X_test_text[4600]
mistake_example

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



# get the correct labels of this example.
print('Correct Label:', class_names[Y_test[4600]])

# get the prediction probabilities for this example.
print('Prediction Probabilities for neg, pos:',
prediction_pipeline_vil.predict_proba([mistake_example]))

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

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

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

Local explanation for class pos

Asano
Asian -
acting
MoVie
beautifully 1
superb 1
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Improving Text Vectorization
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%%capture

'pip install nltk #install nitk

'pip install gensim #install gensim

import nltk #import nltk

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

import re #importre

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

from the gensim library.
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# convert a given doc to a list of tokenized sentences.

def tokenize_doc(doc:str):

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

ﬁ:ﬁsent_tokenize() als
RPERTIVE W PRIV I

sent.lower()) for sent in nltk.sent_tokenize(doc)]
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(e
‘tokenize_doc() &l aluiiuly @il le Ylie ol
raw_text='The movie was too long. I fell asleep after the first 2 hours.'

tokenized_sentences=tokenize_doc(raw_text)
tokenized_sentences

[['the', 'movie', 'was', 'too', 'long'],
['i', 'fell', 'asleep', 'after', 'the', 'first', '2', 'hours']]
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sentences=[] #list of all the tokenized sentences across all the docs in this dataset

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

# build a phrase model on the given data

imdb_phrase_model = Phrases(sentences,e
connector_words=ENGLISH_CONNECTOR_WORDS,0
scoring="npmi',
threshold=0.25).freeze() o
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imdb_phrase_model[tokenized_sentences[0]]
['the', 'movie', 'was', 'too_long'l]
imdb_phrase_model[tokenized_sentences[1]]
['i', 'fell_asleep', 'after', 'the', 'first', '2_hours']
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def annotate_phrases(doc:str, phrase_model):
sentences=tokenize_doc(doc)# split the document into tokenized sentences.

tokens=[1] #/list of all the words and phrases found in the doc

for sentence in sentences: # foreach sentence
# use the phrase model to get tokens and append them to the list.
tokens+=phrase_model[sentence]

return ' '.join(tokens) #join all the tokens together to create a new annotated document.

O oLy oyl culeds (e JS puwdit annotate_phrases () atls Ll ome pull pladl) ansicn
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# annotate all the test and train reviews.
X_train_text_annotated=[annotate_phrases(doc,imdb_phrase_model) for doc in X_
train_text]
X_test_text_annotated=[annotate_phrases(text,imdb_phrase_model)for text in X_
test_text]
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# an example of an annotated document from the imdb training data
X_train_text_annotated[0]

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

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

# Train a TF-IDF model with the IMDb training dataset

vectorizer tf = TfidfVectorizer(min_df=10)
vectorizer_tf.fit(X_train_text_annotated)

X_train_tf = vectorizer_tf.transform(X_train_text_annotated)
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# train a new Naive Bayes Classifier on the newly vectorized data.
model_tf =MultinomialNB()
model _tf.fit(X_train_v2, Y_train)

# create a new prediction pipeline.
prediction_pipeline_tf = make_pipeline(vectorizer_tf, model_tf)

# get predictions using the new pipeline.
predictions_tf = prediction_pipeline_tf.predict(X_test_text_annotated)

# print the achieved accuracy.
accuracy_score(Y_test, predictions_tf)

0.8858
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# get the review example that confused the previous algorithm
mistake_example_annotated=X_test_text_annotated[4600]

print('\nReview:',mistake_example_annotated)

# get the correct labels of this example.
print('\nCorrect Label:', class_names[Y_test[4600]])

# get the prediction probabilities for this example.
print('\nPrediction Probabilities for neg, pos:',prediction_pipeline_
tf.predict_proba([mistake_example_annotated]))

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

Correct Label: pos

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



i AL oyl il i - oorail) gl A Lo ) BBl e IS syt a1 das Ly
15l Lo ol yg slaill ywdd (LIME) 7 pdidtg poewdild Julad) Aontl dalond | 3 goid |

# create an explainer.
explainer_tf = LimeTextExplainer(class_names=class_names)

# explain the prediction of the second pipeline for this example.
exp = explainer_tf.explain_instance(mistake_example_annotated, prediction_

pipeline_tf.predict_proba, num_features=10)

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

Local explanation for class pos
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from .naive_bayes import MultinomialNB

from sklearn.pipeline import make_pipeline

from sklearn.feature_extraction.text import

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

model_MNB=MultinomialNB() # a Naive Bayes Classifier

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

prediction_pipeline = make_pipeline( , )
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from import LimeTextExplainer

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

explainer = (class_names=class_names) # explains the prediction for this example
exp = explainer. (text_example.lower(),prediction_pipeline. ,

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

print(exp. ) # prints the words with the highest influence on the prediction
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Using Unsupervised Learning to Understand Text
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BBC open dataset

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

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

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

from os import listdir

# used for generating random number
import random shuffling lists

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

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

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

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

# shuffle the docs and labels lists in parallel

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

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

bbc_docs, bbc_labels = zip(xmerged) #separate them again into individual lists.
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# used for tfi-df vectorization, as seen in the previous unit
from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.cluster import AgglomerativeClustering # used for agglomerative clustering

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

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

hierarchy.set_link_color_palette

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

import matplotlib.pyplot as plt #used for general visualizations

Text Vectorization o guaidl 4B LY done yd1
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vectorizer = TfidfVectorizer(min_df=10) # apply tf-idf vectorization, ignore words that

appear in more than 10 docs.

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

text_tfidf

<2225x5867 sparse matrix of type '<class 'numpy.float64'>'
with 392379 stored elements in Compressed Sparse Row format>
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%%capture
I'pip install yellowbrick

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

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

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))

Homogeneity score: 0.6224333236569846 lqy«;noigie|A431LJL%931);}J|
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Adjusted Rand score: 0.4630492696176891
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AC_tfidf=AgglomerativeClustering(linkage="'ward',n_clusters=5)
AC_tfidf.fit(text_tfidf.toarray())
pred_tfidf=AC_tfidf.labels_

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

print('\nCompleteness score:',completeness_score(bbc_labels,pred_tfidf))
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Adjusted Rand score: 0.45628412883628383
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Word Vectorization with Neural Networks
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import gensim.downloader as api

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

,J_,jgoobﬁbggﬁ iy print(len(fox_emb))

300
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fox_emb[:10]

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

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

car minivan 0.69070363
car bicycle 0.5364484
car airplane 0.42435578
car street 0.33141237
car apple 0.12830706
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print(model_wv.most_similar(positive=['apple'], topn=5))

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

import nltk #import the nitk library for nip.

import re #import the re library for regular expressions.

import numpy as np # used for numeric computations

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

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

from nltk.corpus import stopwords #import the 'stopwords'tool.

stop=set(stopwords.words('english')) #load the set of english stopwords.
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def get_sample(bbc_docs:list,
bbc_labels:list ] )
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word_sample=set() #asample of words from the BBC dataset

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

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

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

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

word_sample=1list(word_sample) # convert the set to a list.
return word_sample

word_sample=get_sample(bbc_docs,bbc_labels)
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Sentence Vectorization with Deep Learning
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%%capture

I'pip install sentence_transformers
from sentence_transformers import SentenceTransformer

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

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

TSNE Projection of 2225 Documents
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plt.figure() #create a new figure.
# iteratively merge points and clusters until all points belong to a single cluster. Return the the linkage of
the produced tree.

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

hierarchy.dendrogram(linkage_emb) # visualize the linkage.
plt.show() #show the figure.
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AC_emb=AgglomerativeClustering(linkage="ward',n_clusters=4)
AC_emb.fit(text_emb)
pred_emb=AC_emb.labels_

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

Homogeneity score: 0.6741395570357063
Adjusted Rand score: 0.6919474005627763

Completeness score: 0.7965514907905805

ISl sl 2Vl 353ttt cadlie 5 (oo pumenll suall alaiialy Lossesd salel @5 ud eliladl cols (3]
A gl e S (5S¢ l ] @eniin o)le]

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

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

Homogeneity score: 0.7865655030556284
Adjusted Rand score: 0.8197670431956582

Completeness score: 0.7887580797775077
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from sentence_transformers import

from import TSNEVisualizer model = ('all-MinilLM-

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

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

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

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

new_sentence+=

sentence=new_sentence.strip()
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%%capture

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

# make a new generator with specific words

generator=RandomSentence(
# specify some nouns
nouns=["lion", "rabbit", "horse","table"],
verbs=["eat","run", "laugh"], # specify some verbs.
adjectives=["'angry', 'small']) # specify some adjectives.

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

'The table runs.'

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

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

):
words=word_tokenize(text) # tokenizes the text to words
new_words=[1 # new words that will replace the old ones.
for word in words: #forevery word in the text
word_l=word.lower() #lower-case the word.

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

else: #otherwise

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

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

( fuzzywuzzy a8 I s fuzz )




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

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

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

import nltk

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

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

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

'pip install fuzzywuzzy[speedup]
from fuzzywuzzy import fuzz

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

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

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

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

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

'It was a consecration, the spiritual overtones entirely appropriate.
Lionel Messi not only emulated '
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import re # used for regular expressions

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

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

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

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

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

return G

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

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

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

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

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

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

return word_to_community, community_scores



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

('champion',
'stretch’',
'finished',
"fifth',
‘playing’,
'scoring’,
'scorer',
‘opening’,
"team',
'win')

laglall ol r\‘..\:.lu‘ L“,aa_gt._ﬂ 3elastl oS ;a:m.biz" ).&}n_‘tal':r_l‘ dasyg ‘ta]_zﬂ_o LI IS day y ey u:ﬂ
<31 1:1g) Aanns evaluate_sentences() ls Al W) 2 Ales S Auea R

Evaluate_sentences() a1 fx

L Sl lalSI 13l (il S0 8 ea¥l 850 ol @3 ot 1 i @ity 3101 Tas
Al s ) paizell (g Aaa Y] 1 h5e Al S oSS

Olaaii W2y Wl et . wle w2 w3 Wa W5 L alS diues (g0 @598 dlens clynd (JU e Lo
Al il W5 2l g 30 diiagd > dgey paioms A loais WA W3 (jLialSll5 (25 dtiad 5 S5 palizes |
oia L3 sy Al auiied . 125=15+30430+25+25 58 haandl ol 550 g 5ame . 15 diad 5 S50y paizes
ganl J3Y1 I Y1 e I3 (5 2 Jadd ) o) ol 3L

from nltk import sent_tokenize # used to split a document into sentences

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

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

for raw_sent in sentences: #foreach sentence

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



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

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

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

# scores the sentences by their score, in descending order
scored_sentences=sorted(scored_sentences,key=1lambda x:x[0],reverse=True)

return scored_sentences

scored_sentences=evaluate_sentences(text,word_to_community,community_
scores,model_wv)
len(scored_sentences)

61
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for i in range(3):
print(scored_sentences[i], '\n")

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

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

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



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

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

(882, 'Di Maria won the opening penalty, exploding away from Ousmane
Dembélé before being caught and Messi did the rest.')

t,aU.La‘z?\Ml&mﬂ\LM\MH!MMY\M\C&“;MWMMJ 5 bl

o.\mia.uﬁgyuaz\.n Mjﬂubuswt\_nzg.d‘dah MYJJQY\MJQ‘«_JN%M
Ay A Cigagy o LaaY delgdl Lo el dacdal! Olall) (d o3 af il
Using Rule-Based NLG to Create a Chatbot
e 1 8 pall selgd ey pandly s sl s 2mll 5Ll 335 (Chathot) aus s g i el 1382
U‘ u_” ‘M)_A_LHJJ (SBERT) u'.¥3:-.l‘u.n OMY‘MLAM‘H)JUMM‘ AM‘}:\_;PYUMMJ
umaaLJWM|u (SBERT) &¥ gomtf (ysa OMY'MDM‘H)JHM&?M‘ ﬁ_utd_m
Julod i 6,50 a5gl 33 IS Ugy (ogeus all-MINILM-L6-v2 (SBERT) ¥ gontf (o olai ¥ | 458 el usn 3
el Ul des (29 el

s oyl Y gt (po o Lo AELE el a5 SO 73900 e -1

Load the Pre-Trained SBERT Model
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%%capture
from sentence_transformers import SentenceTransformer, util
model_sbert = SentenceTransformer('all-MinilLM-L6-v2")
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QA={
"Q1":"What type of courses are you interested in?",
"A1":[["Courses in Computer Programming","2"],
["Courses in Engineering","3"],
["Courses in Marketing","4"1],

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

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

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

}

Chat() ats fx
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import numpy as np #used for processing numeric data

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

model_sbert, #a pre-trained SBERT model

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

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

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

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

# embed the response

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

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



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

# gets the similarity score for each candidate
similarity_scores = util.cos_sim(response_embeddings, candidate_
embeddings)

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

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

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

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

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

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

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

>> You have selected: Courses on Marketing

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

>> You have selected: Search Engine Optimization

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

>> What type of courses are you interested in?

cooking classes

>> Apologies, I could not understand you. Please rephrase your response.
>> What type of courses are you interested in?

software courses

>> You have selected: Courses on Computer Programming

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

C++

>> You have selected: Java

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

I'pip install transformers

'pip install torch

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

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

# -encode the text provided by the user into tokens

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

tokenizer = GPT2Tokenizer.from_pretrained('gpt2"')

# used to generate new tokens based on the inputted text
generator = GPT2LMHeadModel.from_pretrained('gpt2"')

H(GPT-2) Cop sl s (§eid 9331 J 3ot (o I ot ¥ ] iyl Il ‘:.,\.aj

text="We had dinner at this restaurant yesterday. It is very close to my
house. All my friends were there, we had a great time. The location 1is
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excellent and the steaks were delicious. I will definitely return soon, highly
recommended! "

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

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

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

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

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

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

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

do_sample=True)

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

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

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

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

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

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

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

my turn that price cut completely out. At the tail area they only have
french fries or kiwifet - no gravy - they get a hard egg the other day too
they call kawif at 3 PM it will be better this summer if I stay more late
with friends. When asked it takes 2 or 3 weeks so far to cook that in this
house. Once I found a place it was great. Everything I am waiting is just
perfect as usual....great prices especially at one where a single bite
would suffice or make more as this only runs on the regular hours

d:-..\l‘ﬁ_)@.b.'u.ﬂ m\_._uyl c_y‘)‘.u)}” Jaleicw » A}A_/J‘ u\.ﬁ ;mwwﬁaj)aﬂ b)éc_uls‘é‘ ;,Uécnﬁ
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# Too high temperature leads to divergence in the meaning of the tokens
generated_tokens = generator.generate(
encoded_text, max_length=200, do_sample=True, temperature=4.0)

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

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

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

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

model_wv, # Word2Vec model

similarity_threshold:float

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

G=nXx. # makes a new graph

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

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

def get_max_sim(L1,my_sentence):

# embeds my_sentence

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

# embeds the sentences from L2

L_embeddings = model_sbert. (L, convert_to_tensor=True)

similarity_scores = .cos_sim( , )

winner_index=np.argmax(similarity_scores[0])

return
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%%capture
import matplotlib.pyplot as plt # used for visualization
from os import listdir #used to list the contents of a directory

'pip install scikit-image # used for image manipulation
from skimage.io import imread # used to read a raw image file (e.g. png or jpg)
from skimage.transform import resize # used to resize images

# used to convert an image to the "unsigned byte" format
from skimage import img_as_ubyte
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def resize_images(input_folder:str,
width:int,

height:int

DE:

labels = [] #a list with the label for each image
resized_images = [] #a list of resized images in np array format
filenames = [] #alist of the original image file names

for subfolder in listdir(input_folder): #foreach sub folder

print(subfolder)
path = input_folder + '/' + subfolder

for file in listdir(path): #for each image file in this subfolder

image = imread(path + '/' + file) #reads the image

resized = img_as_ubyte(resize(image, (width, height))) #resizesthe image
labels.append(subfolder[:-4]1) # uses subfolder name without "Head" suffix
resized_images.append(resized) # stores the resized image
filenames.append(file) # stores the filename of this image

return resized_images, labels, filenames



resized_images, labels, filenames = resize_images("AnimalFace/Image",
width=100, height=100) # retrieves the images with their labels and resizes them to 100 x 100
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# reads an image file, stores it in a variabe and

# shows it to the user in a window

image = imread('AnimalFace/Image/LionHead/lioni78.jpg"')
plt.imshow(image)

image.shape

(169, 169, 3)
Mﬁb‘jﬂﬁwjas‘uﬂﬁhja_ymQWPLIGQXIGQMM&LEJM‘JS_LZLQLLEM
RGB ()l g¥l allait (3,31 / yuasl / panl) &Sl ol giall edlill s5aall 23 @311 Frars  JusSs (28,561)
13 0l 028 (e Jo¥1 Sl ()91 20 I e sl ol s JBL S e

# the pixel at the first column of the first row [162 68 66]
print(image[0][0])
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resized = resize(image, (100, 100))
print(resized.shape)
print(resized[0][0])

(100, 100, 3)
[0.40857161 0.27523827 0.26739514]

RGB 5Ll el ill 03 ()L 0100 X 100 sLayl ol 3 Agine M Lgaman yud 43555mll o (e @l e
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resized = img_as_ubyte(resized) (100, 100, 3)
print(resized.shape) [164 70 68]
print(resized[0][0]) [162 68 66]

print(image[0]1[0])
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# displays the resized image
plt.imshow(resized);
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violations = [index for index in range(len(resized_images)) if
resized_images[index].shape !'= (100,100,3)]

violations

[455, 1587]
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plt

posl = violations[0]
pos2 = violations[1]

print(filenames[pos1])
print(resized_images[posi1].shape)
plt.imshow(resized_images[posi])
plt.title(labels[pos1])

cowl.gif
(100, 100, 4)

print(filenames[pos2]);
print(resized_images[pos2].shape);
plt.imshow(resized_images[pos2]);
plt.title(labels[pos2]);

tiger0000000168.jpg
(100, 100)
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# prints the first pixel of the RGBA image

# a value of 255 reveals that the pixel is not transparent
atall.

resized_images[pos1][0][0]

array([135, 150, 84, 255], dtype=uint8)

G s (100.100) sl g3 JS_ Lt s slidl 3 5l
(Grayscale) @sbe y g a3 Guiin 3 y5uall o) e eIl aall
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.imshow(resized_images[pos2], cmap = 'gray')
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resized_images[pos2][0][0]
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# used to count the frequency of each element in a list. Counter({'Bear': 101,

from collections import Counter "Cat': 160,
"Chicken': 100,

label _cnt = Counter(labels) ‘Cow': 104,

label_cnt 'Deer': 103,
'Duck': 103,

'"Eagle': 101,
"Elephant': 100,
"Lion': 102,
Lo oy 4 el Acyall %) LSy Lin '"Monkey': 100,
e ggiig « (Aaglall 5 Nature) Nat "Nat': 8,
Y Al &y lae dadd puolic Aol "Panda’: 119,
'"Pigeon': 115,
'Rabbit': 100,
'Sheep': 100,
'Tiger': 114,
'"Wolf': 100})
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N = len(labels)

resized_images = [resized_images[i] for i in range(N) if i not in violations

and labels[i] != "Nat"]
filenames = [filenames[i] for i in range(N) if i not in violations and
labels[i] != "Nat"]

labels = [labels[i] for i in range(N) if i not in violations and labels[i] !=
"Nat"]
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import numpy as np
X = np.array(resized_images)
Y = np.array(labels)

X.shape
(1720, 100, 100, 3)
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from sklearn.model_selection import train_test_split

X_train, X_test, y_train, y_test = train_test_split(

X,

Yy

test_size = 0.20, #uses20% of the data for testing
shuffle = True, # to randomly shuffle the data.

random_state = 42, #to ensure that data is always shuffled in the same way

(Ll @133 2 Lis cana alima JS (e saall ol 391 585 1 Slme e culilgumd s clalma (Y 3103
Juass) shuffle=True darsg icoauladl d3h) Jlome 2 dsls ccliads gl (pa apaaldl Jubins I el (6350 w3y
LSl s bl a3 3lel aumdl (yn cale dangyg RISLAL o0a Jomy Bolaall ome ol pdadl) 2 (1 33l

S gl el J

Prediction without Feature Engineering (ailasf! dwlid (gl 5.0l
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X_train[0].shape

(100, 100, 3)
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X_train_flat = np.array([img.flatten() for img in X_train])
X_test_flat = np.array([img.flatten() for img in X_test])
X_train_flat[0].shape

(30000, )
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from sklearn.naive_bayes import MultinomialNB #imports the Naive Bayes Classifier

model_MNB = MultinomialNB()
model_MNB.fit(X_train_flat,y_train) #fits the model on the flat training data

MultinomialNB()

from sklearn.metrics import accuracy_score # used to measure the accuracy

pred = model MNB.predict(X_test_flat) # gets the predictions for the flat test set
accuracy_score(y_test,pred)

0.36046511627906974
ragaliosl 443 slac x5lidly 2slsdl(Confusion Matrix) 28,01 4 gawme ALl Loma ydl pladll () e

%%capture
I'pip install scikit-plot
import scikitplot

scikitplot.metrics.plot_confusion_matrix(y_test, #actuallabels
pred, # predicted labels
title = "Confusion Matrix",
cmap = "Purples”,
figsize = (10,10),
Xx_tick_rotation = 90,
normalize = True #to print percentages

)



Confusion Matrix

Bear 00 00 005 00 00 014 005 01 00 00 00 00 01 00 00

Cat40.03 021 0.0 0.0 0.18 0.03 0.05 0.08 0.05 0.03 0.0 0.13 0.08 0.05 0.03 0.05 08

Chicken4 0.0 0.0 03 004 00 0.0 004 011 033 00 00 00 015 00 0.0 004
Cow 40.23 0.0 003 023 00 00 0.0 017 01 0.03 003 00 00 01 00 0.07

Deer 1 0.0 0.03 0.03 0.06 /0.41 0.0 0.03 0.06 0.16 0.09 0.0 0.03 0.0 0.0 0.06 0.03

Duck 40.04 0.11 0.0 0.04 0.04 0.3 0.07 0.07 0.11 0.04 0.0 0.04 00 0.0 00 0.15 0.6

Eagle 40.05 0.0 0.0 00 0.0 00 041 009 00 0.0 027 0.14 005 00 0.0 0.0

Etw!p._ﬁ}!.\nl_uﬁ ;::Elephant- 0.0 00 00 015 00 0.0 0.040.07 00 00 00 00 00 00 00
(Normalized Values) £  lion]005005 00 005 0.0 00 00 o,osm 0.0 00 005 01 005 0.0 005
Liadl 2% Lle Monkey {0.09 0,04 0.0 0.09 0.04 004 017 0.0 013 0.13 00 00 00 004 0.13 0.09 i
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Rabbit 10.04 0.07 0.0 0.0 0.07 0.04 0.11 03 0.07 0.07 0.0 0.04 0.04 015 00 0.0
Sheep 10.14 0.05 0.0 0.05 0.09 0.05 0.0 0.09 0.05 0.0 0.0 00 0.05045 00 00

Tiger 410.09 0.04 0.0 0.0 00 004 013 009 013 00 00 00 00 013 03 004

Wolf 10.09 0.12 0.0 0.09 0.0 0.06 0.06 0.09 0.0 0.06 0.0 012 003 0.03 00 0.22

Panda< 00 00 00 00 00 0.0 004 00 0.0 0.00,0 00 00 00 00

Pigeon 40.03 0.06 0.0 0.0 0.03 0.0 0.19 0.23 0.03 0.03 0.0 013 01 016 00 00
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from sklearn.linear_model import SGDClassifier

model_sgd = SGDClassifier()
model_sgd.fit(X_train_flat, y_train)
pred=model_sgd.predict(X_test_flat)
accuracy_score(y_test,pred)

0.46511627906976744
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relild) @zt sklearn aese ope (eluat! p_;_ei!) StandardScaler 3! AL eyl pladll adetion

from sklearn.preprocessing import StandardScaler

scaler = StandardScaler()
X_train_flat_scaled = scaler.fit_transform(X_train_flat)
X_test_flat_scaled = scaler.fit_transform(X_test_flat)

print(X_train_flat[0]) #the values of the first image pre-scaling
print(X_train_flat_scaled[0]) #the values of the first image post-scaling

[144 142 151 ... 76 75 80]
[ 0.33463473 0.27468959 0.61190285 ... -0.65170221 -0.62004162
-0.26774175]

M‘dgﬂ‘ abludl eilegama ‘a‘_uﬁ.ub P ESPITREN Cé}m o)y uzﬁ‘ S

model_sgd = SGDClassifier() 0.4906976744186046
model_sgd.fit(X_train_flat_scaled, y_train)
pred=model_sgd.predict(X_test_flat_scaled)

accuracy_score(y_test,pred)
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: (Histogram of Oriented Gradients -HOG)
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:sckit-image

from skimage.color import rgb2gray # used to convert a multi-color (rgb) image to grayscale

# converts the training data

X_train_gray = np.array([rgb2gray(img) for img in X_train])

# converts the testing data

X_test_gray = np.array([rgb2gray(img) for img in X_test])

plt.imshow(X_train_gray[0],cmap="gray');

plt.imshow(X_train[0]);

0 20 40 60 80
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print(X_train_gray[0].shape)
print(X_train[0].shape)

(100, 100)
(100, 100, 3)
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from skimage.feature import hog

hog_vector, hog_img = hog(
X_train_gray[0],
visualize = True

)

hog_vector.shape

(8100,)
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plt.imshow(hog_img);
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X_train_hog = np.array([hog(img) for img in X_train_gray])
X_test_hog = np.array([hog(img) for img in X_test_grayl])

togastl i 12 Lle SGDClassifier cojus (¥ S

# scales the new data

scaler = StandardScaler()

X_train_hog_scaled = scaler.fit_transform(X_train_hog)
X_test_hog_scaled = scaler.fit_transform(X_test_hog)

# trains a new model
model_sgd = SGDClassifier()
model_sgd.fit(X_train_hog_scaled, y_train)

# tests the model

pred = model_sgd.predict(X_test_hog _scaled)
accuracy_score(y_test,pred)

0.7418604651162791



scikitplot.metrics.plot_confusion_matrix(y_test, #actuallabels
pred, # predicted labels
title = "Confusion Matrix", # title touse
cmap = "Purples", #color palette to use
figsize = (10,10), #figure size
x_tick_rotation = 90

)
30
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%%capture LS
I'pip install tensorflow :keras 2.5 tensorflow

I'pip install keras
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# gets the set of all distinct labels
classes=1list(set(y_train))
print(classes)

print()

# replaces each label with an integer (its index in the classes lists) for both the training and testing data
y_train_num = np.array([classes.index(label) for label in y_train])
y_test_num = np.array([classes.index(label) for label in y_test])

print()

#example:
print(y_train[:51) #first5 labels
print(y_train_num[:5]) #first 5 labels in integer format



['Elephant', 'Duck', 'Monkey', 'Cow', 'Sheep', 'Wolf', 'Tiger', 'Deer',
'Cat', 'Lion', 'Rabbit', 'Panda', 'Pigeon', 'Chicken', 'Eagle', 'Bear']

['Panda' 'Pigeon' 'Monkey' 'Panda' 'Sheep']
[11 12 2 11 4]

Aalie clads K& 2 diac 30 Lt Keras 48k (e (Ll Sequential 3150 alasil OV Sy

from keras.models import Sequential # used to build neural networks as sequences of layers
# every neuron in a dense layer is connected to every other neuron in the previous layer.
from keras.layers import Dense

# builds a sequential stack of layers

model = Sequential()

# adds a dense hidden layer with 200 neurons, and the RelU activation function.
model.add(Dense(200,input_shape = (X_train_hog.shape[1],), activation="'relu'))
# adds a dense output layer and the softmax activation function.

model.add(Dense(len(classes), activation='softmax'))

model.summary()

Model: "sequential"

Layer (type) Output Shape Param #
dense (Dense) (None, 200) 1620200
dense_1 (Dense) (None, 16) 3216

Total params: 1,623,416
Trainable params: 1,623,416
Non-trainable params: 0
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# compiling the model
model.compile(loss = 'sparse_categorical_crossentropy', metrics =
['accuracy'], optimizer = 'adam')

dec 2 (model compile()) asemills 4y yallg Keras dosa 2. S #3goil slael adls ‘QM
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model.fit(X_train_hog, # training data
y_train_num, #labels in integer format
batch_size = 80, #number of samples processed per batch
epochs = 40, #number of iterations over the whole dataset

)



17/17 [==============================] - 1s 16ms/step - loss: 2.2260 - accuracy: 0.3333
Epoch 2/40
17/17 [==============================] - 0s 15ms/step - loss: 1.1182 - accuracy: 0.7256
Epoch 3/40
17/17 [==============================] - 0s 15ms/step - loss: 0.7198 - accuracy: 0.8155
Epoch 4/40
17/17 [==============================] - 0s 15ms/step - loss: 0.4978 - accuracy: 0.9031
Epoch 5/40
17/17 [==============================] - Qs 16ms/step - loss: 0.3676 - accuracy: 0.9388

17/17 [==============================] - 0s 15ms/step - loss: 0.0085 - accuracy: 1.0000
Epoch 37/40
17/17 [==============================] - 0s 21ms/step - loss: 0.0080 - accuracy: 1.0000
Epoch 38/40
17/17 [==============================] - Qs 15ms/step - loss: 0.0076 - accuracy: 1.0000
Epoch 39/40
17/17 [==============================] - Qs 15ms/step - loss: 0.0073 - accuracy: 1.0000
Epoch 40/40
17/17 [==============================] - Qs 15ms/step - loss: 0.0071 - accuracy: 1.0000
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pred = model.predict(X_test_hog)
pred[0] # prints the predictions for the first image
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array([4.79123509e-03, 9.79321003e-01,
7.83501855e-06, 3.50346789e-04,
4.41945267e-05, 4.11721296e-04,
1.97038025e-04, 2.3474481k4e-03,
dtype=float32)

.39506648¢-03, 1.97884417e-03,
.45465224e-07, 1.19854585e-05,
.27362555e-05, 9.83431892e-06,
.49758552e-04, 1.57057808e-031,
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predict() M‘Aﬁ!&;;gﬁai‘ 4,.1‘_;:.:'4;\1\ Ylain ! 2891 oyl giall sklearn acsa ¢e predict( ) Z\Jbﬁjﬁwﬁ
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# index of the class with the highest predicted probability.
print(np.argmax(pred[0]))

# name of this class

print(classes[np.argmax(pred[0])])

# uses axis=1 to find the index of the max value per row
accuracy_score(y_test_num,np.argmax(pred, axis=1))
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Prediction Using Convolutional Neural Networks
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: (Convolutional Neural Network -CNN)
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2 w S Y_train dbgamey X_train ddgawme Leag NUMpPY o8 Ldgame <yl e

RGB Gewiny 100x100 stals 3550 Jhes (100 100.3) asa X_train adsice

JwST X_train adgicme 2 N 3,40 deews Jies Y_train adgawmt! 2 N awally

Thsel ! Lhun b X_train  mhas  cosu (LI goe ,d ) aladt |
;002 ObLed! 4o oo e MultinomialNB

from sklearn.naive_bayes import MultinomialNB #imports the Naive Bayes Classifier from sklearn

X_train_flat = np.array( )

model_MNB = MultinomialNB() # new Naive Bayes model

model_MNB. fit( , ) #fits model on the flat training data
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from skimage.color import # used to convert a multi-color (rgb) image to grayscale
from sklearn. import StandardScaler # used to scale the data

from sklearn.naive_bayes import MultinomialNB # imports the Naive Bayes Classifier from sklearn

X_train_gray = np.array([ (img) for img in X_trainl) #converts training data

X_train_hog =

scaler = StandardScaler()

X_train_hog_scaled = .fit_transform(X_train_hog)

model_MNB = MultinomialNB()

model MNB.fit(X_train_flat_scaled, )
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: (Image Segmentation)
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Understanding Image Content
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%%capture
import matplotlib.pyplot as plt
from os import listdiry

'pip install scikit-image

from skimage.io import imread

from skimage.transform import resize
from skimage import img_as_ubyte

# a palette of 10 colors that will be used to visualize the clusters.
color_palette = ['blue','green','red', 'yellow', 'gray', 'purple', 'orange',
"pink', 'black', 'brown']

_al=a) input_folder ;ya (@bilgdl_ssa ) LHI-Animal-Faces ULy e gama jgo 2l 311,55
1 Cpeany 135 (08 L oyl Jolall slasl Ll (95 cogoms Lgiie JS emn JOsls Ly il (32
2555 Ol e Gl il il 3313 sl Ol auianall lecally Gyl Gl ¢y resize_images()
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def resize_images_v2(input_folder:str,
width:int,
height:int,

labels_to_keep:list

):
labels = [] # a list with the label for each image
resized_images = [] #a list of resized images in np array format
filenames = [] # a list of the original image file names

for subfolder in listdir(input_folder):

print(subfolder)
path = input_folder + '/' + subfolder

for file in listdir(path):

label=subfolder[:-4] # uses the subfolder name without the "Head" suffix

if label not in labels_to_keep: continue

labels.append(label) # appends the label

#loads, resizes, preprocesses, and stores the image.

resized_images.append(img_as_ubyte(resize(imread(path+'/'+file),
(width, height))))

filenames.append(file)

return resized_images,labels,filenames
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resized_images,labels,filenames=resize_images_v2(

"AnimalFace/Image",

width = 224,

height = 224,

labels_to_keep=['Lion', 'Chicken', 'Duck', 'Rabbit', 'Deer’',
'Cat', 'Wolf', 'Bear', 'Pigeon', 'Eagle'l]

)
BearHead MonkeyHead ]
CatHead Natural 3 puall (pagliall o0
ChickenHead PandaHead Lgal il @i Al
CowHead PigeonHead
DeerHead RabbitHead
DuckHead SheepHead
EagleHead TigerHead
ElephantHead WolfHead

LionHead

das Mg Alnn il e 508,00 ¢ (Lgy dadimll _ yugliadl) labels_to_keep yiall Juoss lggw cLiSas
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import random

#connects the three lists together, so that they are shuffled in the same order
connected = list(zip(resized_images,labels,filenames))
random.shuffle(connected)

#disconnects the three lists

resized_images,labels,filenames= zip(*connected)
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import numpy as np #used for numeric computations
X = np.array(resized_images)
Y = np.array(labels)

X.shape
(1085, 224, 224, 3)
cilg B S @l 39224 % 224 sLasl il 3 Lgia 3350 JS 03550 1,085 Jaois Lgil oy L) S8 gy
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Clustering without Feature Engineering gailasf) dwdid &gy aend!
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152,150,528 = 3 x 224 x 224
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X_flat = np.array([img.flatten() for img in X])
X_flat[0].shape

(150528, )

X_flat[0] # prints the first flat image
array([107, 146, 102, ..., 91, 86, 108], dtype=uint8)

‘u P O PN | Lj ‘25550u\_»cj‘).¢_' RGB “9_”4\_;45«_»‘A 6’4_"““ Gl 108 2 dyn0e 4ad (IS
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X_norm = X_flat / 255
X_norm[0]

array([0.41960784, 0.57254902, 0.4 , ..., 0.35686275, 0.3372549 ,
0.42352941])
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%%capture
'pip install yellowbrick
from yellowbrick.text import TSNEVisualizer

tsne = TSNEVisualizer(colors = color_palette) #initializes the tool
tsne.fit(X_norm, y) #uses TSNE to reduce the data to 2 dimensions
tsne.show();

TSNE Projection of 1085 Documents
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from sklearn.cluster import AgglomerativeClustering # used for agglomerative clustering
import scipy.cluster.hierarchy as hierarchy

hierarchy.set_link_color_palette(color_palette) #setsthe color palette
plt.figure()

# iteratively merges points and clusters until all points belong to a single cluster
linkage_flat = hierarchy.linkage(X_norm, method = 'ward')

hierarchy.dendrogram(linkage_flat) e 35ke (5505) ward

plt.show() B f.@,&aﬁﬂo
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AC = AgglomerativeClustering(linkage = 'ward',n_clusters = 10)
AC.fit(X_norm) # applies the tool to the data

pred = AC.labels_ # gets the cluster labels

pred
array([9, 6, 3, ..., 4, &, 3], dtype=int64)
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from sklearn.metrics import homogeneity_score, adjusted_rand_score,
completeness_score

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.09868725008128477
Adjusted Rand score: 0.038254515908926826

Completeness score: 0.101897123096584
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from skimage.color import rgb2gray

from skimage.feature import hog

# converts the list of resized images to an array of grayscale images

X_gray = np.array([rgb2gray(img) for img in resized_images])
# computes the HOG features for each grayscale image in the array

X_hog = np.array([hog(img) for img in X_gray])

X_hog.shape

(1085, 54756)
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tsne = TSNEVisualizer(colors = color_palette)
tsne.fit(X_hog, vy)
tsne.show();
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plt.figure()

linkage_2 = hierarchy.linkage(X_hog,method = 'ward')
hierarchy.dendrogram(linkage_2)

plt.show()
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AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 5)

AC.fit(X_hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.4046340612330986
Adjusted Rand score: 0.29990205334627734

Completeness score: 0.6306921317302154
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AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 10)
AC.fit(X_hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.5720932612704411

Adjusted Rand score: 0.41243540297103065

Completeness score: 0.617016965322667
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from keras.applications.vggl6 import VGG16 # used to access the pre-trained VGG16 model
from keras.models import Model

oy iall ya By Aadall Lo

model = VGG16() #loads the pretrained VGG16 model ( < O 00> el A= )
# removes the output layer

model = Model(inputs = model.inputs, outputs = model.layers[-2].output)

Osll @ @uzmad: Jie VGG L6 ¢35 Loty Ll Lgrawdh Zca L1 A9 At Ll M) s ) gl 3ok
190 oo s RGB
from keras.applications.vggl6 import preprocess_input (1085, 224, 224, 3)

X_prep = preprocess_input(X)
X_prep.shape
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X_VGG16 = model.predict(X_prep, use_multiprocessing = True)
X_VGG16.shape

34/34 [::::::::::::::::::::::::::::::] - 575 zs/step

(1085, 4096)
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tsne = TSNEVisualizer(colors = color_palette)
tsne.fit(X_VGG16, labels)
tsne.show();
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linkage_3 = hierarchy.linkage(X_VGG16, method = 'ward')
plt.figure()

hierarchy.dendrogram(linkage_3)

plt.show()
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AC = AgglomerativeClustering(linkage = 'ward',n_clusters = 4)
AC.fit(X_VGG16)
pred=AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.504687456015823
Adjusted Rand score: 0.37265351562538257

Completeness score: 0.9193141240200559

AC = AgglomerativeClustering(linkage='ward',n_clusters = 10)
AC.fit(X_VGG16)
pred=AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.8403973102506642
Adjusted Rand score: 0.766734821176714

Completeness score: 0.8509145102288217
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from import AgglomerativeClustering # used for agglomerative clustering
AC = AgglomerativeClustering(linkage="ward", )
X_norm = # normalizes the data

AC.fit(X_norm) # applies the tool to the data

pred = AC. # gets the cluster labels
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import scipy.cluster.hierarchy as hierarchy # visualizes and supports hierarchical clustering tasks

import as plt

X_norm = # normalizes the data

plt.figure() #creates a new empty figure

linkage_flat=hierarchy.linkage( , method=" ")

hierarchy. (linkage_flat)

plt.show() #shows the figure
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Diffusion Models and Generative Adversarial Networks
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Generating Images with Generative Adversarial Networks (GANs)
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%%capture

'pip install diffusers
I'pip install transformers
'pip install accelerate

import matplotlib.pyplot as plt
from PIL import Image # used to representimages

Text-to-Image Generation ‘,aa (0 3y 9ual M,S
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# a tool used to generate images using stable diffusion
from diffusers import DiffusionPipeline

generator = DiffusionPipeline.from_pretrained("CompVis/stable-diffusion-v1-4")
# specifies what GPUs should be used for this generation
generator.to("cuda")

image = generator("A photo of a white lion in the jungle.").images[0]
plt.imshow(image);
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image = generator("A painting of a white lion in the style of Picasso.").
images[0]
plt.imshow(image);
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Image-to-Image Generation

with Text Guidance
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# pipeline used for image to image generation with stable diffusion

from diffusers import StableDiffusionImg2ImgPipeline

# loads a pretrained generator model

generator = StableDiffusionImg2ImgPipeline.from_pretrained("runwayml/stable-
diffusion-v1-5")

# moves the generator model to the GPU (CUDA) for faster processing

generator.to("cuda")

init_image = Image.open("landscape.jpg")
init_image.thumbnail((768, 768)) # resizes the image to prepare it as input of the model
plt.imshow(init_image);
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# a detailed prompt describing the desired visual
# for the produced image

prompt = "A realistic mountain
landscape with a large castle."
image = generator(prompt=prompt,
image = init_image, strength=0.75).
images[0]

plt.imshow(image);
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# generate a new image based on the prompt and the
# initial image using the generator model

image = generator(prompt=prompt,

image = init_image, strength=1).images[0]
plt.imshow(image);
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init_image = Image.open("cat_1.jpg")
init_image.thumbnail((768, 768))
plt.imshow(init_image);
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prompt = "A photo of a tiger"
image = generator(prompt=prompt, image=init_image, strength=0.5).images[0]
plt.imshow(image);
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image = generator(prompt=prompt,
image = init_image, strength=0.75).
images[0]

plt.imshow(image);
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# tool used for text-guided image in-painting

from diffusers import StableDiffusionInpaintPipeline
init_image = Image.open("cat_on_bench.png").resize((512, 512))
plt.imshow(init_image);

mask_image = Image.open("cat_mask.jpg").resize((512, 512))
plt.imshow(mask_image);
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generator = StableDiffusionInpaintPipeline.from_pretrained("runwayml/stable-
diffusion-inpainting")
generator = generator.to("cuda")

prompt = "A photo of an astronaut"

image = generator(prompt=prompt, image=init_image, mask_image=mask_image).
images[0]

plt.imshow(image);
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init_image = Image.open("desk.jpg").resize((512, 512))
plt.imshow(init_image);

mask_image = Image.open("desk_mask.jpg").resize((512, 512))
plt.imshow(mask_image);
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prompt = "A photo of a book"

image = generator(prompt=prompt, image=init_image, mask_image=mask_image).
images[0]

plt.imshow(image);
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import random
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def create_problem_instance(skill_number, # total number of skills

worker_number, #total number of workers
required_skill_number, #number of skills the team has to cover
max_skills_per_worker # max number of skills per worker

DE



# creates the global list of skills s1, s2, s3, ...
skills = ['s' + str(i) for i in range(1, skill_number+1)]

worker_skills = dict() #dictionary that maps each worker to their set of skills
for i in range(1, worker_number+1): # for each worker

# makes a worker id (w1, w2, w3, ...)
worker_id = 'w' + str(i)

# randomly decides the number of skills that this worker should have (at least 1)
my_skill_number = random.randint(1, max_skills_per_worker)

# samples the decided number of skills
my_skills = set(random.sample(skills, my_skill_number))

# remembers the skill sampled for this worker
worker_skills[worker_id] = my_skills

# randomly samples the set of required skills that the team has to cover
required_skills = set(random.sample(skills, required_skill_number))

# returns the worker and required skills
return {'worker_skills':worker_skills, 'required_skills':required_skills}
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# the following code represents the above test
sample_problem = create_problem_instance(10, 6, 5, 5)

# prints the skills for each worker
for worker_id in sample_problem[ 'worker_skills']:
print(worker_id, sample_problem[ 'worker_skills'][worker_id])

print()

# prints the required skills that the team has to cover
print('Required Skills:', sample_problem['required_skills'])

wl {'s10'}

w2 {'s2', 's8', 's5', 's6'}

w3 {'s7', 's2', 's4', 's5', 's1'}
wt {'s9', 's4'}

w5 {'s7', 's4'}

we {'s7', 's10'}

Required Skills: {'s6', 's8', 's7', 's5', 's9'}
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# used to generate all possible combinations in a given list of elements
from itertools import combinations

L= ['wl", 'w2', 'w3', 'w4']

print('pairs', list(combinations(L, 2))) #all possible pairs
print('triplets', list(combinations(L, 3))) #all possible triplets

pairs [('wl', 'w2'), ('wl', 'w3'), ('wl', 'w&'), ('w2', 'w3'), ('w2',
‘wa'), ('w3', 'wa')]
triplets [('wl', 'w2', 'w3'), ('wl', 'w2', 'w4'), ('wl', 'w3', 'wa'),
('w2', 'w3', 'wa')]
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def brute_force_solver(problem):

worker_skills = problem[ 'worker_skills']
required_skills = problem['required_skills"']

worker_ids = list(worker_skills.keys()) #gets the ids of all the workers
worker_num = len(worker_ids) # total number of workers
all_possible_teams = [] #remembers all possible teams

best_team = None #remembers the best (smallest) team found so far

#for each possible team size (singles, pairs, triplets, ...)
for team_size in range(1, worker_num+1):

# creates all possible teams of this size
teams = combinations(worker_ids, team_size)
for team in teams: # for each team of this size

skill_union = set() #union of skills covered by all members of this team
for worker_id in team: # for each team member
# adds their skills to the union
skill_union.update(worker_skills[worker_id])

# if all the required skills are included in the union
if required_skills.issubset(skill_union):

# if this is the first team that covers all required skills

# or this team is smaller than the best one or

if best_team == None or len(team) < len(best_team):
best_team = team # makes this team the best one

return best_team #returns the best solution
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# uses the brute-force solver to find the best team for the sample problem
best_team = brute_force_solver(sample_problem)
print(best_team)

('w2', 'w3', 'wa')
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problems_with_5_workers = [] #5 workers

problems_with_10_workers [1 #10 workers
problems_with_15_workers [1 #15 workers
problems_with_20_workers [1 #20 workers

for i in range(100): #repeat 100 times

problems_with_5_workers.append(create_problem_instance(10, 5, 8, 5))

problems_with_10_workers.append(create_problem_instance(10, 10, 8, 5))
problems_with_15_workers.append(create_problem_instance(10, 15, 8, 5))
problems_with_20_workers.append(create_problem_instance(10, 20, 8, 5))
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import time
def gets_solutions(problems,solver):

total_seconds = 0 # total seconds required to solve all problems with this solver
total_solved = 0 #total number of problems for which the solver found a solution
solutions = [] #solutions returned by the solver

for problem in problems:

start_time = time.time() #starts the timer

best_team = solver(problem) #computes the solution

end_time = time.time() # stops the timer
solutions.append(best_team) #remembero the solution
total_seconds += end_time-start_time # computes total elapsed time

if best_team != None: #ifthe bestteam is a valid team
total_solved += 1
print("Solved {} problems in {} seconds".format(total_solved,
total_seconds))

return solutions
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brute_solutions_5 = gets_solutions(problems_with_5_workers,
solver = brute_force_solver)

brute_solutions_10 = gets_solutions(problems_with_10_workers,
solver = brute_force_solver)

brute_solutions_15 = gets_solutions(problems_with_15 workers,
solver = brute_force_solver)

brute_solutions_20 = gets_solutions(problems_with_20_workers,
solver = brute_force_solver)

Solved 23 problems in 0.0019948482513427734 seconds
Solved 80 problems in 0.06984829902648926 seconds
Solved 94 problems in 2.754629373550415 seconds
Solved 99 problems in 109.11902689933777 seconds
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Decision Making with a Greedy Heuristic Algorithm
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def greedy_solver(problem):

worker_skills = problem[ 'worker_skills']
required_skills = problem['required _skills']

# skills that still have not been covered

uncovered_required_skills = required_skills.copy()

best_team = []

# remembers only the skills of each worker that are required but haven't been covered yet
uncovered _worker_skills = {}

for worker_id in worker_skills:
# remembers only the required uncovered skills that this worker has

uncovered_worker_skills[worker_id] = worker_skills[worker_id].
intersection(uncovered_required_skills)
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# while there are still required skills to cover
while len(uncovered_required_skills) > 0:

best_worker_id = None # the best worker to add next

# number of uncovered skills required for the best worker to cover A
best_new_coverage = 0 o2 2y @ Gl dygllasdl
.uncovered_worker_skills

J

for worker_id in uncovered_worker_skills:

# uncovered required skills that this worker can cover
my_uncovered_skills = uncovered_worker_skills[worker_id]

# if this worker can cover more uncovered required skills than the best worker so far

if Tlen(my_uncovered_skills) > best_new_coverage:
best_worker_id=worker_id # makes this worker the best worker
best_new_coverage=len(my_uncovered_skills)

if best_worker_id != None: #if a best worker was found
best_team.append(best_worker_id) # adds the worker to the solution

#removes the best worker's skills from the skills to be covered
uncovered_required_skills = uncovered_required_skills -
uncovered_worker_skills[best_worker_id]
for worker_id in uncovered_worker_skills:
# remembers only the required uncovered skills that this worker has
uncovered _worker_skills[worker_id] =

uncovered_worker_skills[worker_id].intersection(uncovered_required_skills)

else: #no best worker has been found and some required skills are still uncovered
return None # no solution could be found

return best_team



crogn 3 LS LgiSly ¢ Je¥1 Joudl sl (yass ¥y 5Lt ¥l crmy BSall a0l S Fadindl Jondl g polsi 235 Y
2 o o Tolo 150 o Lgia) s prag el pal) 35211 o le s 301 ol a3l (oot S el o]
139290 OIS 130 M 33, lall 03 a3 O 9S3L g ¢ ol Gl LI
dwad) 5-Workers :alledl cile garma Jlo olowmd Aa i) ol &35 AL Goman ol pdaill atieto
O e ) 20-workersg . (Mosle_ e A wad) 15-workersy . (Jlae_ 3 »ie ) 10-workersy « (Jlie_
(s 201 3531 ol Aaslgn @il sl Ll ainial 5 il (Sale_

greedy_solutions_5 = gets_solutions(problems_with_5_workers,
solver = greedy_solver)

greedy_solutions_10 = gets_solutions(problems_with_10_workers,
solver = greedy_solver)

greedy_solutions_15 = gets_solutions(problems_with_15_workers,
solver = greedy_solver)

greedy_solutions_20 = gets_solutions(problems_with_20_workers,
solver = greedy_solver)

Solved 23 problems in 0.0009970664978027344 seconds
Solved 80 problems in 0.000997304916381836 seconds
Solved 94 problems in 0.001995086669921875 seconds
Solved 99 problems in 0.0019943714141845703 seconds
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# creates 100 problem instances of a team formation problem with 1000 workers
problems_with_1000_workers = []

for i in range(100): #repeats 100 times
problems_with_1000_workers.append(create_problem_instance(10, 1000, 8, 5))

# solves the 100-worker problems using the greedy solver

greedy_solutions_1000 = gets_solutions(problems_with_1000_workers,
solver = greedy_solver)

Solved 100 problems in 0.09574556350708008 seconds
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def compare(brute_solutions,greedy_solutions):
total_solved = 0
same_size = 0

for i in range(len(brute_solutions)):

if brute_solutions[i] != None: #ifa solution was found
total_solved += 1

# if the solvers reported a solution of the same size
if len(brute_solutions[i]) == len(greedy_solutions[i]):
same_size += 1

return round(same_size / total_solved, 2)
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print(compare(brute_solutions_5,greedy_solutions_5))

print(compare(brute_solutions_10,greedy_solutions_10))
print(compare(brute_solutions_15,greedy_solutions_15))
print(compare(brute_solutions_20,greedy_solutions_20))

1.0

0.82
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0.85
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def greedy_solver(problem):
worker_skills=problem[ 'worker_skills'] # worker skills for this problem
required_skills=problem['required_skills'] # required skills for this problem

uncovered_required_skills = required_skills. () #skills not covered
best_team=[] #bestsolution

uncovered _worker_skills={}

for worker_id in worker_skills:

uncovered_worker_skills[worker_id]=worker_skills[worker_id].

(uncovered_required_skills)
while len(uncovered_required_skills) > 0:

best_worker_id= # the best worker to add next
best_new_coveraégzaiggafn@er of uncovered required skills covered by the best worker
for worker_id in uncovered_worker_skills: # for each worker
my_uncovered_skills=uncovered_worker_skills[worker_id]
# if this worker can cover more uncovered required skills than the best worker so far
if Tlen(my_uncovered_skills)>best_new_coverage:

best_worker_id=worker_id # makes this worker the best worker

best_new_coverage= (my_uncovered_skills)
if best_worker_id!= : #if a best worker was found
best_team. (best_worker_id) #adds the worker to the solution

#removes the best worker's skills from the skills to be covered

uncovered_required_skills=uncovered_required_skills - uncovered_
worker_skills[best_worker_id]

# for each worker

for worker_id in uncovered_worker_skills:

# remembers only the required uncovered skills that this worker has

uncovered_worker_skills[worker_id]=uncovered_worker_

skills[worker_id]. (uncovered_required_skills)

else: #no best worker has been found and some required skills are still uncovered

return # no solution could be found

return best_team
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import random
# creates an instance of the Single-Machine Weighted Tardiness problem.

def create_problem_instance(job_num, #number of jobs to create
duration_range, #job duration range
deadline_range, #deadline range
weight_range) :# importance weight range

# generates a random duration, deadline, and weight for each job

durations = [random.randint(*duration_range) for i in range(job_num)]
deadlines = [random.randint(*deadline_range) for i in range(job_num)]
weights = [random.randint(*weight_range) for i in range(job_num)]

# returns the problem instance as a dictionary

return {'durations':durations,
'deadlines':deadlines,
'weights':weights}
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for i in range(5):# prints 5 random integers between 1 and 10
print(random.randint(+[1, 10]))
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create_problem_instance(10, [5, 201, [5, 501, [1, 31)

_ ( led! aegall 3la )
{'durations': [18, 17, 17, 6, 9, 6, 20, 12, 9, 19],

'deadlines': [39, 31, 6, 42, 48, 10, 39, 16, 34, 35],
'weights': [2, 2, 3, 2, 1, 3, 2, 1, 3, 11} 0080 Aueal e )
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# computes the total weighted tardiness of a given schedule for a given problem instance
def compute_schedule_tardiness(problem, schedule):

# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(schedule) # getsthe number of jobs

finish_times = [0] * job_num # stores the finish time for each job
schedule_tardiness = 0 #initializes the weighted tardiness of the overall schedule to 0
for pos in range(job_num): # goes over the jobs in scheduled order



job_id=schedule[pos] # schedule[pos] is the id in the 'pos’ position of the schedule
if pos == 0: #ifthisis the job that was scheduled first (position 0)

# the finish time of the job that starts first is equal to its run time
finish_times[pos] = durations[job_id]

else: #forall jobs except the one that was scheduled first

# the finish time is equal to the finish time of the previous time plus the job's run time
finish_times[pos] = finish_times[pos-1] + durations[job_id]

# computes the weighted tardiness of this job and adds it to the schedule's overall tardiness
schedule_tardiness += weights[job_id] * max(finish_times[pos] -
deadlines[job_id], 0)

return schedule_tardiness,finish_times
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import itertools
def brute_force_solver(problem):

# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(durations) #number of jobs

# Generates all possible schedules
all_schedules = itertools.permutations(range(job_num))

# Initializes the best solution and its total weighted tardiness
best_schedule = None #initialized to None

# 'inf' stands for 'infnity'. Python will evaluate all numbers as smaller than this value.
best_tardiness = float('inf')

# stores the finish time of each job in the best schedule
best_finish_times = None # initalized to None

for schedule in all_schedules: #for every possible schedule

#evalutes the schedule
tardiness,finish_times=compute_schedule_tardiness(problem, schedule)

if tardiness < best_tardiness: # this schedule is better than the best so far
best_tardiness = tardiness
best_schedule = schedule
best_finish_times = finish_times

# returns the results as a dictionary

return {'schedule':best_schedule,
'tardiness':best_tardiness,
"finish_times':best_finish_times}
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sample_problem = create_problem_instance(5, [5, 201, [5, 301, [1, 31)

brute_force_solver(sample_problem) [
{'schedule': (0, 2, 1, 3, 4), (.Z.Z.@ZJ\BJ.A@UQJ )( sl Aueal S )
"tardiness': 164, =

"finish_times': [5, 11, 21, 36, 511}
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def greedy_solver(problem, heuristic):

# gets the information for this problem
durations, weights, deadlines = problem['durations'], problem['weights'],
problem[ 'deadlines"']

job_num = len(durations)# gets the number of jobs

# Creates a list of job indices sorted by their deadline in non-decreasing order
schedule = sorted(range(job_num), key = lambda j: heuristic(j, problem))

# evaluates the schedule
tardiness, finish_times = compute_schedule_[tardiness(problem, schedule)

# returns the results as a dictionary

return {'schedule':schedule,
'tardiness':tardiness,
"finish_times':finish_times}
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# returns the deadline of a given job
def deadline_heuristic(job,problem):

# accesses the deadlines for this problem and returns the deadline for the job
return problem[ 'deadlines'][job]
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greedy_sol = greedy_solver(sample_problem, deadline_heuristic)
greedy_sol

{'schedule': [3, 1, 4, 0, 2],
"tardiness': 124,
"finish_times': [15, 26, 32, 48, 571}
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# returns the weighted deadline of a given job
def weighted_deadline_heuristic(job,problem):

# accesses the deadlines for this problem and returns the deadline for the job

return problem['deadlines'][job] / problem['weights'][job]
weighted_greedy_sol=greedy_solver(sample_problem, weighted_deadline_heuristic)
weighted_greedy_sol

{'schedule': [3, 2, 1, 4, 01,
"tardiness': 89,
"finish_times': [15, 24, 35, 41, 571}
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def local_search_solver(problem, greedy_heuristic, swap_selector, max_
iterations):

# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(durations) # getsthe number of jobs
# uses the greedy solver to get a first schedule
# this schedule will be then iteratively refined through local search

greedy_sol = greedy_solver(problem, greedy_heuristic) # the best schedule so far

best_schedule, best_tardiness, best_finish_times = greedy_sol['schedule'],
greedy_sol[ 'tardiness'], greedy_sol['finish_times']

# local search
for i in range(max_iterations): # foreach of the given iterations

# chooses which two positions to swap
posl, pos2 = swap_selector(best_schedule)

new_schedule = best_schedule.copy() #create a copy of the schedule
# swaps jobs at positions pos1 and pos2

new_schedule[pos1], new_schedule[pos2] = best_schedule[pos2],
best_schedule[pos1]



# computes the new tardiness after the swap
new_tardiness, new_finish_times = compute_schedule_tardiness(problem,
new_schedule)

# if the new schedule is better than the best one so far
if new_tardiness < best_tardiness:

LelS JLEL 148 2 ot | O3
# the new_schedule becomes the best one o Led J i By e

best_schedule = new_schedule
best_tardiness = new_tardiness

I 13 (iags sLa Gy sl

best finish_times = new_finish_times 2-LogzaBga dsliay Jout!
‘Jj..u'-..ﬂ

# returns the best solution

return {'schedule':best_schedule,
'tardiness':best_tardiness,
"finish_times':best_finish_times}

LegilSa oo o gy (51 Aasll Jpamd) 2 (pidl s coegn 5 LEBL 351 e Aslie ALl 11 Giled

def random_swap(schedule):
job_num = len(schedule) # getsthe number of scheduled jobs
posl = random.randint(0, job_num - 1) #samples a random position
pos2 = posl
while pos2 == posl: # keepssampling until it finds a position other than pos1
pos2 = random.randint(0, job_num - 1) #samples another random position
return posl, pos2 #returns the two positions that should be swapped
sl 2 05 pglia (pidly-ie gl il adl Lyl st A aiin s dom sl sl A0l A1) aito
2<>15 1<>35 3<>0 dazs (1sSiias A 1 YLl
def adjacent_swap(schedule):

job_num = len(schedule) # getsthe number of scheduled jobs

posl random.randint(®, job_num - 2) #samples a random position (excluding the last
one)

pos2 = posl + 1 #gets the position after the sampled one

return posl,pos2 #returns the two positions that should be swapped
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print(local_search_solver(sample_problem, weighted_deadline_heuristic, random_
swap, 1000))

print(local_search_solver(sample_problem, weighted_deadline_heuristic,
adjacent_swap, 1000))

{'schedule': [3, 4, 2, 1, 0], 'tardiness': 83, 'finish_times': [15, 21, 30,
41, 571}
{'schedule': [3, 4, 2, 1, 0], 'tardiness': 83, 'finish_times': [15, 21, 30,
41, 571}
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#Dataset 1
problems_7 = []
for i in range(100):
problems_7.append(create_problem_instance(7, [5, 201, [5, 501, [1, 31))

#Dataset 2
problems_30 = []
for i in range(100):
problems_30.append(create_problem_instance(30, [5,20]1, [5, 501, [1, 31))
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from collections import defaultdict
import numpy

def compare(problems,use_brute):
# comparison on Dataset 1
# maps each solver to a list of all tardiness values it achieves for the problems in the given dataset
results = defaultdict(list)
for problem in problems: # for each problem in this datset

#uses each of the solvers on this problem
if use_brute == True:
results['brute-force'].append(brute_force_solver(problem)

['tardiness'])

results[ 'greedy-deadline'].append(greedy_solver(problem,deadline_
heuristic)['tardiness'])

results['greedy-weighted_deadline'].append(greedy_
solver(problem,weighted_deadline_heuristic)['tardiness'])

results['ls-random-wdeadline'].append(local_search_solver(problem,
weighted_deadline_heuristic, random_swap, 1000)['tardiness'])

results['ls-random-deadline'].append(local_search_solver(problem,
deadline_heuristic, random_swap, 1000)['tardiness'])

results['ls-adjacent-wdeadline'].append(local_search_solver(problem,
weighted_deadline_heuristic, adjacent_swap, 1000)['tardiness'])

results['ls-adjacent-deadline'].append(local_search_solver(problem,
deadline_heuristic, adjacent_swap, 1000)['tardiness'])

for solver in results: # foreach solver
# prints the solver's mean tardiness values
print(solver,numpy.mean(results[solver]))

:LegilS problems_30 ¢ problems_7 clild! Fiegama pe COMpare () als RS Ry us_a:

compare(problems_7,True) brute-force 211.49
greedy-deadline 308.14
greedy-weighted_deadline 255.61
1s-random-wdeadline 212.35
1s-random-deadline 212.43
ls-adjacent-wdeadline 220.62
1s-adjacent-deadline 224.36

compare(problems_30,False) greedy-deadline 10126.18
greedy-weighted_deadline 8527.61
ls-random-wdeadline 6647.73
ls-random-deadline 6650.99
ls-adjacent-wdeadline 6666.47
ls-adjacent-deadline 6664.67
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def brute_force_solver(problem):
# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],

problem[ 'deadlines']

job_num = len( ) # number of jobs

# generates all possible schedules

all_schedules = itertools. (range(job_num))

# initializes the best solution and its total weighted tardiness

best_schedule = # initialized to None

# 'inf' stands for 'infnity'. Python will evaluate all numbers as smaller than this value.

best_tardiness = float(' ")

# stores the finish time of each job in the best schedule

best_finish_times- # initalized to None

for schedule in all_schedules: #for every possible schedule
#evalute the schedule
tardiness,finish_times=compute_schedule_tardiness(problem, schedule)

if tardiness<best_tardiness: # this schedule is better than the best so far

best_tardiness=

best_schedule=

best_finish_timesi

# return the results as a dictionary
return {'schedule':best_schedule,
'tardiness':best_tardiness,

"finish_times':best_finish_times}
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def local_search_solver(problem, greedy_heuristic, swap_selector, max_
iterations):

# gets the information for this problem

durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines"']

job_num = Tlen( )# gets the number of jobs
# uses the greedy solver to get a first schedule.
# this schedule will be then iteratively refined through local search

greedy_sol = (problem, greedy_heuristic) #remembers the best

schedule so far
best_schedule, best_tardiness, best_finish_times=greedy_
sol['schedule'],greedy_sol['tardiness'],greedy_sol['finish_times']

# local search

for i in range( ): #foreach of the given iterations

# chooses which two positions to swap

posil,pos2= (best_schedule)

new_schedule = best_schedule. ( )# creates a copy of the

schedule

# swaps jobs at positions pos1 and pos2

new_schedule[pos1], new_schedule[pos2] = best_schedule[pos2], best_
schedule[pos1]

# computes the new tardiness after the swap

new_tardiness, new_finish_times = compute_schedule_tardiness(problem,
new_schedule)

# if the new schedule is better than the best one so far

if new_tardiness < best_tardiness:

# the new_schedule becomes the best one

best_schedule =

best_tardiness =

best_finish_times=
# returns the best solution
return {'schedule':best_schedule,
"tardiness':best_tardiness,
'finish_times':best_finish_times}
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'pip install mip #install the mip library

# imports useful tools from the mip library

from mip import Model, xsum, maximize, BINARY

values = [20, 10, 23, 15, 7, 7] #values of available items
weights = [5, 10, 19, 8, 11, 2] # weights of available items



C

40 # knapsack capacity

I

range(len(values)) # creates an index for each item: 0,1,2,3,...

solver = Model("knapsack") # creates a knapsack solver
solver.verbose = 0 # setting this to 1 will print more information on the progress of the solver

= [1 #represents the binary decision variables for each item.
# for each items creates and appends a binary decision variable
for i in I:

x.append(solver.add_var(var_type = BINARY))

# creates the objective function
solver.objective = maximize(xsum(values[i] * x[i] for i in I))

# adds the capacity constraint to the solver
solver += xsum(weights[i] * x[i] for i in I) <= C

# solves the problem
solver.optimize()

<OptimizationStatus.OPTIMAL: 0>
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total_weight = 0 # stores the total weight of the items in the solution
total_value = 0 #stores the total value of the items in the solution



for i in I: #foreach item
if x[i1].x == 1: #if the item was selected
print('item', i, 'was selected')
# updates the total weight and value of the solution
total_weight += weights[i]
total_value += values[i]

print('total weight', total_weight)
print('total value', total_value)

was selected
was selected
item 3 was selected
item 5 was selected
total weight 34
total value 65

item
item
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import random
import numpy
from itertools import combinations

def create_problem_instance(num_locations, distance_range):

# initializes the distance matrix to be full of zeros

dist_matrix = numpy.zeros((num_locations, num_locations))

# creates location ids: 0,1,2,3,4,...

location_ids = set(range(num_locations))

# creates all possible location pairs

location_pairs = combinations(location_ids, 2)

for i,j in location_pairs: #foreach pair
distance = random.randint(+distance_range) #samples a distance within range
# the distance from i to j is the same as the distance fromj to i
dist_matrix[j,i] = distance
dist_matrix[i,j] = distance

# returns the distance matrix, location ids and the startstop vertix
return dist_matrix, location_ids, random.randint(©, num_locations - 1)
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dist_matrix, location_ids, startstop = create_problem_instance(8, (5, 20))
print(dist_matrix)
print(startstop)

[[(0..19. 17. 15. 18. 17. 7. 15.
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Creating a Brute-Force Solver for the Traveling Salesman Problem
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from itertools import permutations

def brute_force_solver(dist_matrix, location_ids, startstop):
# excludes the starstop location
location_ids = location_ids - {startstop}
# generate all possible routes (location permutations)
all_routes = permutations(location_ids)
best_distance = float('inf') #initializes to the highest possible number
best_route = None # best route so far, initialized to None

for route in all_routes: # foreach route
distance = 0 #total distance in this route
curr_loc = startstop #current location

for next_loc in route:
distance += dist_matrix[curr_loc,next_loc] #adds the distance of this step
curr_loc = next_loc #goes to the next location

distance += dist_matrix[curr_loc,startstop] #goes to the starstop location

if distance < best_distance: #ifthis route has lower distance than the best route
best_distance = distance
best_route = route

# adds the startstop location at the beginning and end of the best route and returns
return [startstop] + list(best_route) + [startstop], best_distance
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for route in permutations({1,2,3}):
print(route)

(11 2' 3)
(11 3' 2)
(2, 1, 3)
(21 3' 1)
(3, 1, 2)
(31 2' 1)
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brute_force_solver(dist_matrix, location_ids, startstop)
([3, 5, 2,7, 1, 4, 0, 6, 3], 73.0)
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Using MIP to Solve the Traveling Salesman Problem
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arr = numpy.full((4,4), ©) #creates a4x4 array full of zeros [[06 06 0 0]

[0 00 0]
print(arr) [0 60 0]

[0 00 0]]
arr[0, 0] = 1
arr[3, 3] = 1 [[1 0 0 0]

[0 00 0]
print() [0 060 0]
print(arr) [0 © 06 1]]
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ids = {0, 1, 2}
for i, j in list(product(ids, ids)):
print(i, j)
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from itertools import product #used to generate all possible transition
from mip import BINARY
from mip import Model, INTEGER

solver = Model() #creates a solver
solver.verbose = 0 #setting this to 1 will print info on the progress of the solver

# 'product’ creates every transition from every location to every other location
transitions = list(product(location_ids, location_ids))

N = len(location_ids) #number of locations

# creates a square numpy array full of 'None' values
x = numpy.full((N, N), None)

# adds binary variables indicating if transition (i->j) is included in the route
for i, j in transitions:
x[i, j] = solver.add_var(var_type = BINARY)
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# the minimize tool is used then the objective function has to be minimized
from mip import xsum, minimize

# objective function: minimizes the distance
solver.objective = minimize(xsum(dist_matrix[i,jl+x[i][j] for i,j in
transitions))
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# for each location id

for i in location_ids:
solver += xsum(x[l j] for j in location_ids - {i}) == 1 #exactly 1 arrival
solver += xsum(x[j,i] for j in location_ids - {i}) == 1 #exactly 1 departure
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# adds a decision variable for each location
= [solver.add_var(var_type = INTEGER) for i in location_ids]
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# adds a connectivity constraint for every transition that does not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids - {startstop}):
# ignores transitions from a location to itself
if i !'= j:
solver += y[j] - y[il >= (N+1) = x[i, j] - N
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itertools import product
mip import BINARY,INTEGER
mip import Model

mip import xsum, minimize

MIP_solver(dist_matrix, location_ids, startstop):
solver = Model( )# creates a solver
solver.verbose = 0 #setting this to 1 will print info on the progress of the solver
# creates every transition from every location to every other location
transitions = list(product(location_ids,location_ids))
N = len(location_ids) #number of locations
# create an empty square matrix full of 'None' values
x = numpy.full((N, N), None)
# adds binary decision variables indicating if transition (i->j) is included in the route
for i, j in transitions:
x[i, jl=solver.add_var(var_type = BINARY)
# objective function: minimizes the distance
solver.objective = minimize(xsum(dist_matrix[i,jl+«x[i][j] for i,j in transitions))
# Arrive/Depart Constraints
for i in location_ids:
solver += xsum(x[i,j] for j in location_ids - {i}
solver += xsum(x[j,1i] for j in location_ids - {i}
# adds a binary decision variable for each location
y = [solver.add_var(var_type=INTEGER) for i in location_ids]
# adds connectivity constraints for transitions that do not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids - {startstop}):
if i != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >=(N+1)*x[i,3] - N
solver.optimize() #solves the problem
# prints the solution
if solver.num_solutions: #ifa solution was found
best_route = [startstop] # storesthe best route
curr_loc = startstop # the currently visited location
while True:
for next_loc in location_ids:# for every possible next location
if x[curr_loc,next_locl.x == 1: #ifxvalue for the curr_loc->next_loc transition is 1
best_route.append(next_loc) #appends the next location to the route
curr_loc=next_loc #visits the next location
break
if next_loc == startstop: #exits if route returns to the startstop
break
return best_route, solver.objective_value # returns the route and its total distance

# exactly 1 arrival

) == 1
) == 1 #exactly 1 departure



2055 o Laud ol gl 55 a3 50 8 Joiis J3amill 5Ll A1 i (e Bmaa 100 LT eyl pdait g
Al J8 Dot Al | T smentl 3l doma o o 2ua)ylgn g cdls ,all 39801 o Bad)l g3 4w a0l LS
L A8l | Lagd o sl | pglal cpatlll g les MU g%l ! el yglinns

same_count = 0
for i in range(100):
dist_matrix, location_ids, startstop=create_problem_instance(8, [5,20])
routel, distl = brute_force_solver(dist_matrix, location_ids, startstop)
route2, dist2 = MIP_solver(dist_matrix, location_ids, startstop)
# counts how many times the two solvers produce the same total distance
if distl == dist2:
same_count += 1
print(same_count / 100)
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import time
start = time.time() # startstimer
for i in range(100):
dist_matrix, location_ids, startstop = create_problem_instance(20, [5,20])
route, dist = MIP_solver(dist_matrix, location_ids, startstop)
stop=time.time() # stops timer

print(stop - start) #printsthe elapsed time in seconds

188.90074133872986
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from itertools import permutations

def brute_force_solver(dist_matrix, location_ids, startstop):

# excludes the startstop location

location_ids = - { }

# generates all possible routes (location permutations)

all_routes = ( )

best_distance = float('inf') #initializes to the highest possible number

best_route = None # best route so far, initialized to None

for route in all_routes: #foreach route

0 #total distance in this route

distance

# current location

curr_loc

for next_loc in route:

distance += [curr_loc, next_loc] #adds the distance of this step
curr_loc = # goes the next location
distance += [curr_1loc, 1 #goes to

back to the startstop location

if distance < best_distance: #ifthis route has lower distance than the best route
best_distance = distance

best_route = route

# adds the startstop location at the beginning and end of the best route and returns

return [startstop] + list(best_route) + [startstop], best_distance
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def MIP_solver(dist_matrix, location_ids, startstop):

solver = () #creates a solver

solver.verbose = 0 #setting this to 1 will print info on the progress of the solver
# creates every transition from every location to every other location

transitions = list( (location_ids, location_ids))

N = len(location_ids) #number of locations

# creates an empty square matrix full of ‘'None' values

x = numpy.full((N, N), None)

# adds binary decision variables indicating if transition (i->j) is included in the route
for i, j in transitions:

x[i, jl = solver. (var_type= )

# objective function: minimizes the distance

solver.objective = (xsum(dist_matrix[i, j] = x[i][j] for

i, j in transitions))

# Arrive/Depart Constraints
for i in location_ids:

solver += xsum( for j in location_ids - {i}) == 1

solver += xsum( for j in location_ids - {i}) == 1

# Adds a binary decision variable for each location

y = [solver. (var_type=777 ) for i in
location_ids]

# Adds connectivity constraints for transitions that do not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids -
{startstop}):
if i != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >= (N + 1) * x[i, j] - N

solver. () #solves the problem
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https: //glthub com/cyberbotics/webots/releases /download /R2023a /webots-R2023a_setup.exe

Webots-

robot simulation

& CProgram i \o ic_2_proiwibt (mavic) - Webots R2023a - o0 x
File Edit View Simulstion Build Overlays Tools Help
DJI Mavic 2 PRO demo &3] .ontrollers\mavic2pro\mavic2pro.c ®
o @ © & 8 Q oo -ox M P > » O © B < < D& BQ o
IMPORTABLE EXTERNPROTO S = mavicZpro.c B3

s -
> @ W”'[d"ff" "2 * Copyright 1996-2022 Cyberbotic
> @ Viewpoint .

> @ TexturedBackground

» @ TexturedBackgroundLight
> @ Floor "floor"

> @ Road "road”

> @ Windmill “windmill"

> @ Windmill “windmill(1)"

> @ Windmill "windmill(2)"

> @ Windmill "windmill(3)"

> @ SmallManor “small manor”
> @ SquareManhole “manhole”
> @ CardboardBox "cardboard box"
> @ TeslaModel3Simple “vehicle™
> @ Pine “pine tree”

> @ Pine “pine tree(1)"

> @ Pine “pine tree(3)"

> @ Pine "pine tree(4)"

> @ Pine “pine tree(5)"

> @ Pine “pine tree(6)"

> @ Pine “pine tree(2)"

> @ Forest

> @ Mavic2Pro "Mavic 2 PRO"

* Licensed under the Apache Lice
* you may not use this file exce
* You may cbtain a copy of the L

http://wm. apache.org/Lice

* Unless required by opplicable
* distributed under the License
* WITHOUT WARRANTIES OR CONDITIO
* See the License for the specif
* Limitotions under the License.
4

Dsscnprwn Simplistic drone
- Stabilize the robot using th
- Use PID technique to stabili
- Use a cubic function applied
* - Stabilize the camera.
* - Control the robet using the
*
’unclude <math.h>
7 #include <stdio.h>
#include <stdlib.h>

38 #include <webots/robot.h>

#include <webots/camera.h>
133 #include <webots/compass.h>
¥ |34 zinclude <webots/gps.h>
35 #include <webots/gyro.h>
" 136 #include <webots/inertial_unit.h>
#include <webots/keyboard.h>
138 #include <webots/led.h>

= %#includz <webots/motor.h>

#define SIGN(x) ((x) > @) - ((x)
#define CLAMP(value, low, high) (

gy 3131 alasiuly 3 e 3,5l 9 500 16.6 IS
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uSucu G ‘olS\&l‘ o 2 S (oilns =it eilagwy dgaly 9o (Field Editor) d.a.:n!‘)):-..n
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Wﬂj‘c‘am‘mmgp‘omumhmj (Syntax Highlighting) drendtslid W‘AMJ‘OLSLJLI‘
-(Error Highlighting) slas¥131 .15 (Auto-Completion) 3latd JLeS ¥ fia. (Debuggmg) gy
UA:-J‘ d.:Lu.Q ;.UJ&L&.HO\SL?.L‘ u.AuAd‘ ukwbub)znua)u o.LSL’U.A (Console) pSa.J‘a..\:-}
L@})Lab olSLzU ;Lu\ Gaasn ‘.r"” ;Uaa.}“ colas! Lc_\_m.n U'AJ C_Aa_@.d‘ t_'Lﬂj.Lﬂ.Aﬁ

(.(Menu bar) ZLJLE_!MQ:.J\;) ( .(Toolbar) el ga¥1 das »i ) ( .(Text editor) uwaﬂl);zi )

# C\Program \proj: i i (vehicles) - Webots R2023a - a x
|Filz Edit View Simulation Build Overdays Tools Hdpl

City B® Il . vehicl  vehiclex OB ®
[ 0o @ ¢ @ B © D@2 B0 &4

autonomous_vehicle.c
49

B8 // enabe varior es”

IMPORTABLE EXTERNPROTO

> @ StraightRoadSegment “road(s)"

> @ CurvedRoadSegment “road(6)"

> @ StraightRoadSegment “road(7)"

> @ Roadlntersection "road intersection(1)"
> @ StraightRoadSegment “road(g)"

> @ CurvedRoadSegment “rozd(3)”

» @ StraightRoadSegment "road(10)"

> @ CurvedRoadSegment “road(11)"

> @ StraightRoadSegment “road(12)" ~—
> @ CurvedRoadSegment “road(13)"

> @ StraightRoadSegment “road(14)"

> @ CurvedRoadSegment "road(15)"

> @ BmwX5 “vehicle”

> @ GenericTrafficLight “generic traffic light"
> @ CrossRoadsTrafficLight “cross road traffic light ==
> @ DEF STONES Solid Ve

> @ BuildingUnderConstruction “building under construction’
> @ gommerLIaIEunldwng “commercial building”

51 bocl enable_collisiof avoidance = false;
52 bool enable display = false;

53 bool has_gps = false;

54 bool has_camera = false;

55

56 // camera

57 wbDeviceTag cameraj

58 int camera_width = -1;

59 int camera_height = -1;

68 double camera_fov = -1.8;

61

62 // SICK Laser

63 WbDeviceTag sick;

64 int sick width = -1;

65 double sick_range = -1.0;

66 double sick_fov = -1.8;

67

68 // speedometer

B9 WhDeviceTag display;

78 int display_width = e;

71 int display_height = e;

72 WbImageRef speedometer_image = NULL;
73

74 // GPs

75 WbDeviceTag gps;

76 double gps_coords[3] = {@.0, ©.0, 0.2);

mass: 2000 kg . g 77 double gps_speed = 0.0;
® i i - 24 78
density: 202.769 kg/m*3 . ( Field Edltor) Jastl =R 98 // misc variables
= v 12075 0 0.1 \ 1 88 double speed = 0.0;

Selection: BmwX5 (Robot)
MNode  Mass  Position  Velocity

excluding descendants

CoM:  relative 81 double steering_angle = 0.8}
a 82 int manual_steering = 8;
507 0 846.89 83 bool autodrive = true;
Inertia matrix: 447354 0 el

N % S o 85 void print_help() {
4346.1 Sl ¥l asys 3560 5

86 printf("You can drive this car!\n");
.(3D window)

B7 printf(“Select the 3D window and then use tt

Console - All == 4 )
INFO: autonomous_vehicle: Starting controller: "C:\Program Files\Webots\projects\vehicles\controllers\autonomous_vehicle\autoncmous_vehicle.exe”

INFO: generic_traffic_light: Starting controller: "C:\Program Files\Webots\projects\objects\traffic\controllers\generic_traffic_light\generic_traffic_light.exe" 10 10 r

INFO: crossroads_traffic_lights: Starting controller: "C:\Program Files\Webots\projects\objects\traffic\controllers\crossroads traffic_lights\crossroads_traffic_lights.exe”

setting speed to 5@ km/h

You can drive this car!

Select the 30 window and then use the cursor keys to:

[LEFT]/[RIGHT] - steer

[uP]/[DOWN] - accelerate/slow down

g 3aali 16.7 JS&
(.(Console) S| 3.&)3)
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-(PyCharm) a,Las b Gyl (4= (OpenCV)

+(0penCV) 2. ou (3 of AliSs Commiclt

(1) .(‘a}::) Packages ,le dasis! ( (aslis gb) PyCharm saali2. <

© by 3 (2w csl) "openey” sl <

(4 (cwds) install e dasssl ﬁjet(dﬂ‘.} —’%Ww;l) opencv-python il <
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OpenCV on Wheels

Pre-built CPU-only OpenCV packages for Python.

Check the manual build section if you wish to compile the bindings from source to enable additional modules
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Installation and Usage
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from controller import Robot

import numpy as np  #used for mathematic operations
import os # used for folder creation

import cv2 # used for image manipulation and human detection
from PIL import Image # used for image object creation
from datetime import datetime  # used for date and time

# auxiliary function used for calculations
def clamp(value, value_min, value_max):
return min(max(value, value_min), value_max)

class Mavic (Robot):

# constants of the drone used for flight

# thrust for the drone to lift

K_VERTICAL_THRUST = 68.5

# vertical offset the drone uses as targets for stabilization
K_VERTICAL_OFFSET = 0.6

K_VERTICAL_P = 3.0 # P constant of the vertical PID
K_ROLL_P = 50.0 # P constant of the roll PID
K_PITCH_P = 30.0 # P constant of the pitch PID

MAX_YAW_DISTURBANCE = 0.4

MAX_PITCH_DISTURBANCE = -1

# precision between the target position and the drone position in meters
target_precision = 0.5

def __init__(self):

]

¢ 2
u.\.cpiald‘ ol A0S (g5ms
pusii Sl (<g:s,) Robot s

15 peraad] 3,5llall i @Sl g Lo
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# initializes the drone and sets the time interval between updates of the simulation

Robot._ _init__(self)
self.time_step = int(self.getBasicTimeStep())

# gets and enables devices
self.camera = self.getDevice("camera")
self.camera.enable(self.time_step)

self.imu = self.getDevice("inertial unit")
self.imu.enable(self.time_step)

self.gps = self.getDevice("gps")
self.gps.enable(self.time_step)

self.gyro = self.getDevice("gyro")
self.gyro.enable(self.time_step)

self.camera_pitch_motor = self.getDevice("camera pitch")

self.camera_pitch_motor.setPosition(0.7)

self.front_left_motor = self.getDevice("front left propeller")
self.front_right_motor = self.getDevice("front right propeller")
self.rear_left_motor = self.getDevice("rear left propeller")
self.rear_right_motor = self.getDevice("rear right propeller")
motors = [self.front_left_motor, self.front_right_motor,
self.rear_left_motor, self.rear_right_motor]

for motor in motors: # mass initialization of the four motors
motor.setPosition(float('inf"'))
motor.setVelocity(1)



self.current_pose = 6 = [0] #X, Y, Z yaw, pitch, roll

self.target_position = [0, 0, 0] (4;|)j_,3 (X Ve 2) 5y :Hc@y‘w‘%‘
self.target_index = 0 ® oyl oS ooy

. _ L .(E}.ﬁ.‘y LJ.LMY =) y)
self.target_altitude = 0

def move_to_target(self, waypoints):

# Moves the drone to the given coordinates

# Parameters:

# waypoints (list): list of X,Y coordinates

# Returns:

# yaw_disturbance (float): yaw disturbance (negative value to go on the right)
# pitch_disturbance (float): pitch disturbance (negative value to go forward)

if self.target_position[0:2] == [0, O]: #initialization
self.target_position[0:2] = waypoints[0]

# if the drone is at the position with a precision of target_precision
if all([abs(x1 - x2) < self.target_precision for (x1, x2)
in zip(self.target_position, self.current_pose[0:2])]):

self.target_index += 1

if self.target_index > len(waypoints) - 1:
self.target_index = 0

self.target_position[0:2] = waypoints[self.target_index]

# computes the angle between the current position of the drone and its target position
# and normalizes the resulting angle to be within the range of [-pi, pi]
self.target_position[2] = np.arctan2(
self.target_position[1] - self.current_pose[1],
self.target_position[0] - self.current_pose[0])
angle_left = self.target_position[2] - self.current_pose[5]
angle_left = (angle_left + 2 * np.pi) % (2 * np.pi)
if (angle_left > np.pi):
angle_left -= 2 * np.pi

# turns the drone to the left or to the right according to the value
# and the sign of angle_left and adjusts pitch_disturbance
yaw_disturbance = self.MAX_YAW_DISTURBANCE = angle_left / (2 * np.pi)
pitch_disturbance = clamp(
np.logl0(abs(angle_left)), self.MAX_PITCH_DISTURBANCE, 0.1)

return yaw_disturbance, pitch_disturbance
def run(self):

# time intevals used for adjustments in order to reach the target altitude
tl = self.getTime()

roll_disturbance = 0
pitch_disturbance

=0
yaw_disturbance = 0



# specifies the patrol coordinates

waypoints = [[-30, 20], [-60, 301, [-75, 0], [-40, -10]] ._w

# target altitude of the drone in meters

self.target_altitude = 8
(Goatl Llsy) waypoints

while self.step(self.time_step) != -1: e 2 ylaally ol
# reads sensors 26 peaadl 3,50 4

roll, pitch, yaw = self.imu.getRollPitchYaw()
X_pos, y_pos, altitude = self.gps.getValues()
roll_acceleration, pitch_acceleration, _ = self.gyro.getValues()
self.current_pose = [x_pos, y_pos, altitude, roll, pitch, yaw]

if altitude > self.target_altitude - 1:
# as soon as it reaches the target altitude,
# computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 0.1:
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypoints)
t1 = self.getTime()

# calculates the desired input values for roll, pitch, yaw,

# and altitude using various constants and disturbance values

roll_input = self.K_ROLL_P = clamp(roll, -1, 1) +
roll_acceleration + roll_disturbance

pitch_input = self.K_PITCH_P % clamp(pitch, -1, 1) +
pitch_acceleration + pitch_disturbance

yaw_input = yaw_disturbance

clamped_difference_altitude = clamp(self.target_altitude -

altitude + self.K_VERTICAL_OFFSET, -1, 1)
vertical_input = self.K_VERTICAL_P =
pow(clamped_difference_altitude, 3.0)

# calculates the motors' input values based on the
# desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST + vertical_input
- yaw_input + pitch_input - roll_input
front_right_motor_input = self.K_VERTICAL_THRUST + vertical_input
+ yaw_input + pitch_input + roll_input
rear_left_motor_input = self.K_VERTICAL_THRUST + vertical_input
+ yaw_input - pitch_input - roll_input
rear_right_motor_input = self.K_VERTICAL_THRUST + vertical_input
- yaw_input - pitch_input + roll_input

# sets the velocity of each motor based on the motors' input values calculated above
self.front_left_motor.setVelocity(front_left _motor_input)
self.front_right_motor.setVelocity(-front_right_motor_input)
self.rear_left_motor.setVelocity(-rear_left_motor_input)
self.rear_right_motor.setVelocity(rear_right_motor_input)

robot = Mavic()
robot.run()
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@ Worldinfo

@ Viewpoint
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@ Forest
v @ Mavic2Pro "Mavic 2 PRO" g
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>
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> @ Road "road" (it will start at the next time step)
> @ Pedestrian "pedestrian” <none>
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> @ Windmill "windmill(2)" braitenberg

> @ SmallManor “small manor” drone_controller o
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# time intervals used for adjustments in order to reach the target altitude
t1 = self.getTime()

# time intervals between each detection for human figures

t2 = self.getTime()
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# gets the current working directory

cwd = os.getcwd()

# sets the name of the folder where the images

# with detected humans will be stored

folder_name = "detected"

# joins the current working directory and the new folder name
folder_path = os.path.join(cwd, folder_name)

if not os.path.exists(folder_path):

# creates the folder if it doesn't exist already
os.makedirs(folder_path)
print(f"Folder \"detected\" created!")

else:
print(f"Folder \"detected\" already exists!")
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."self.getTime() - t2>5.0"

# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.0:

# retrieves image array from camera
cameraImg = self.camera.getImageArray()
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# reshapes image array to (channels, height, width) format
cameraImg = np.transpose(cameraImg, (2, 0, 1))
np.reshape(cameraImg, (3, 240, 400))
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# creates RGB image from merged channels
img = Image.new('RGB', (400, 240))
img = cv2.merge((cameraImg[2], cameraImg[1], cameraImg[0]))
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# converts image to grayscale
gray = cv2.cvtColor(np.uint8(img), cv2.COLOR_BGR2GRAY)
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# loads and applies the Haar cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade_fullbody.xml')
humans = human_cascade.detectMultiScale(gray)
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# loop, through detected human images, annotates them with a bounding box
# and prints a timestamp and an info message on the console
for (x, y, w, h) in humans:

# the image, the top left corner, the bottom right corner, color and width of the rectangle

cv2.rectangle(img, (x, y), (x+w, y+h), (255, 0, 0), 2)

current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, y_pos))

# saves annotated image to file with timestamp
current_time = current_time.strftime("%Y-%m-%d_ %H-%M-%S")
filename = f"detected/IMAGE_{current_time}.png"
cv2.imwrite(filename, img)
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def run(self):

# time intervals used for adjustments in order to reach the target altitude
tl = self.getTime()

# time intervals between each detection for human figures

t2 = self.getTime()

roll_disturbance = 0
pitch_disturbance = 0

yaw_disturbance = 0

# specifies the patrol coordinates

waypoints = [[-30, 20], [-60, 30], [-75, 0], [-40, -10]]
# target altitude of the drone in meters

self.target_altitude = 8

# gets the current working directory

cwd = os.getcwd()

# sets the name of the folder where the images

# with detected humans will be stored

folder_name = "detected"

# joins the current working directory and the new folder name
folder_path = os.path.join(cwd, folder_name)

if not os.path.exists(folder_path):

# creates the folder if it doesn't exist already
os.makedirs(folder_path)
print(f"Folder \"detected\" created!")

else:
print(f"Folder \"detected\" already exists!")

while self.step(self.time_step) != -1:

# reads sensors

roll, pitch, yaw = self.imu.getRollPitchYaw()

X_pos, y_pos, altitude = self.gps.getValues()

roll_acceleration, pitch_acceleration, _ = self.gyro.getValues()
self.current_pose = [x_pos, y_pos, altitude, roll, pitch, yaw]

if altitude > self.target_altitude - 1:
# as soon as it reaches the target altitude,
# computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 0.1:
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypoints)
tl = self.getTime()

# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.0:

# retrieves image array from camera
cameraImg = self.camera.getImageArray()

# checks if image is successfully retrieved
if cameralmg:



# reshapes image array to (channels, height, width) format
cameraImg = np.transpose(cameraImg, (2, 0, 1))
cameraImg = np.reshape(cameraImg, (3, 240, 400))

# creates RGB image from merged channels
img = Image.new( 'RGB', (400, 240))
img = cv2.merge((cameraImg[2], cameraImg[1], cameraImg[0]))

# converts image to grayscale
gray = cv2.cvtColor(np.uint8(img), cv2.COLOR_BGR2GRAY)

# loads and applies the Haar cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade_fullbody.xml")
humans = human_cascade.detectMultiScale(gray)

# loop, through detected human images, annotates them with a bounding box
# and prints a timestamp and an info message on the console
for (x, y, w, h) in humans:

cv2.rectangle(img, (x, vy), (x+w, y+h), (255, 0, 0), 2)

current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, y_pos))

# saves annotated image to file with timestamp

current_time = current_time.strftime("%Y-%m-%d_%H-%M-%S")
filename = f"detected/IMAGE_{current_time}.png"
cv2.imwrite(filename, img)

t2 = self.getTime()

# calculates the desired input values for roll, pitch, yaw,
# and altitude using various constants and disturbance values
roll_input = self.K_ROLL_P = clamp(roll, -1, 1)

+ roll_acceleration + roll_disturbance
pitch_input = self.K_PITCH_P = clamp(pitch, -1, 1)

+ pitch_acceleration + pitch_disturbance
yaw_input = yaw_disturbance
clamped_difference_altitude = clamp(self.target_altitude

- altitude + self.K_VERTICAL_OFFSET, -1, 1)
vertical_input = self.K_VERTICAL_P = pow(clamped_difference_altitude, 3.0)

# calculates the motors' input values based on the desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST

+ vertical_input - yaw_input + pitch_input - roll_input
front_right_motor_input = self.K_VERTICAL_THRUST

+ vertical_input + yaw_input + pitch_input + roll_input
rear_left_motor_input = self.K_VERTICAL_THRUST + vertical_input

+ yaw_input - pitch_input - roll_input
rear_right_motor_input = self.K_VERTICAL_THRUST + vertical_input

- yaw_input - pitch_input + roll_input

# sets the velocity of each motor based on the motors' input values calculated above
self.front_left_motor.setVelocity(front_left_motor_input)
self.front_right_motor.setVelocity(-front_right_motor_input)
self.rear_left_motor.setVelocity(-rear_left_motor_input)
self.rear_right_motor.setVelocity(rear_right_motor_input)
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File Edit View Simulation Build Overays Tools Help

DJI Mavic 2 PRO demo
0 e © € @ B QO

IMPORTABLE EXTERNPROTO

@ Flocr "floor”

@ Pedestrian “pedestrian(2)”
@ Pedestrian “pedestrian(1)"
@ Road “road”

@ Pedestrian “pedestrian”

@ Windmill “windmill*

@ Windmill “windmill(1)*

@ Windmill “windemill(2)"

@ SmallManor “small manor”
@ SquareManhole “manhole”
@ CardboardBox "cardboard box”
@ TeslaModel3Simple “vehicle”
@ Forest

v @ Mavie2Pro “Mavie 2 PRO"

@ translation -1.1303278.27
rotation -0.00798 0.00138 1 2.96
name "Mavic 2 PRO™
<ontroller “drone_controller™
controllerArgs
window "<generics"
customData ™
supervisor FALSE
synchronization TRUE
battery

Console - All

INFO: drone_controller: Starting controller: python.exe -u drone_controller.py

Folder "detected” created!
2025-84-20 10150:17.093902
Found a person in coordinates [-0.20, ©.13)
2023-04-20 10:50:22.546951
Found a person in coordinates [-0.81, 9.25]

a Jlers\drone_controlles\drone_controllerpy B @

L2

P 9 @ B < 4+

D@BBO Qo

drone_controller.py £

3 # Copyright 1996-2023 Cyberbotics Ltd.
#

3 # Licensed under the Apache License, Ve
# you may not use this file except in ¢
& # You may obtain o copy of the License
#

@2 hreps://we.opache. org/Licenses/L
g

8 # Unless required by applicable Law or
18 # distributed under the License is dist
# WITHOUT WARRANTIES OR CONDITIONS OF £
3 # See the License for the specific lang

08 # Limitations under the License.

§ from controller import Robot
17 import numpy as np  # Used for mathemc

8 import os % Used for folder creation

19 import cv2  # Used for image mamipulat

@ from PIL import Image # Used for imag

21 from datetime import datetime # Used

23 # Auxiliory function used for calculati

def clamp(value, value_min, value max):

return min(max(value, value_min), v

e

Console - All

Folder "detected" created! e ~N

2023-24-20 10:50:17.093902

6.21 Js

Found a person in coordinates [-0.20, ©.13]
2023-04-2@ 10:50:22.546951
Found a person in coordinates [-0.81, ©.25]

INFO: drone_controller: Starting controller: python.exe -u drone_controller.py

| —

«

¢ Open File...
v 4 5 ThisPC > Documents > Al2_U3_Drone > controllers > drone_controller v &

Organize v

> 3 Quick access
> | Creative Cloud Files
> B This PC

> ¥ Network

P Search

New folder

irone_centroller

E~ m @

drone_controller, haarcascade_full detected

py bedy.xml

) ' ._( bl L] @

File name: | drone_controller.py Vl !A“ Files (*)

| Open
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