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

(T s et W1 e e 3,053 56

sumGrade=sumGrade+gradesList[i]

return sumGrade

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

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

Al e le oo
.mySumGrade

aild len() s pusiud
o g bt 4‘,\::».4.:: J-ﬂLﬂ-:S

SN 2 oliall sue

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

The average grade is: 92.5

o >3 gl ol

recurseFunction()

7

J.A‘Y'

S slenna W Jie3 12,2 S

Recursive Function d. i yS<U1 ¢ Le Ll A1
ot Lm0 gt I e oLl a2
.(Recursive Calls) a1 ,sa31 Sle e aiw ¥

gt e d )l S clewn WY A1 fa\_a_" Aol ;LZE» oS
A

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

# main program

# normal function call
recurseFunction()

Adoc 9o (5, S sle iw Y|

g A1 s le i
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nt=
(n-1)!'*n  ifn>0
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5 110 pe play¥ 1 g pidae 2.1 Jou
0!=1

4l 11=1*1=1 | 1!
21=11%2 W 21=2%1=2 | 2!
31=21*3 Y 31=3*2*1=6 | 3!
41=31*4 N 41=4*3*2%1=24 | 4!
SIEAREN .| 51=5%4*3%2%1=120 | 5!
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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 pina > return 1
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() AIul 7 il

.(myList 2 , S¥ LBl g3 yuniall) , &Y

# main program

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

1 = len(myList)

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

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

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

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

@0
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def powerFunRecursive(baseNum,expNum):

if(expNum==1):

return(baseNum)

else:

return(baseNum+powerFunRecursive(baseNum,expNum-1))

def powerFunIteration(baseNum,expNum):

numPower

1

for i in range(exp):

numPower = numPower=*base

return numPower

# main program

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

exp = int(input("Enter exponent: "))

numPowerRecursion = powerFunRecursive(base,exp)

print( "Recursion: ", base, " raised to

print( "Iteration: ", base,

Enter number: 10
Enter exponent: 3

Recursion:

, exp, = ", numPowerRecursion)
numPowerIteration = powerFunIteration(base,exp)
" raised to ", exp, " = ",numPowerIteration)
10 raised to 3 = 1000
10 raised to 3 = 1000

Iteration:

Infinite Recursive Function d.alga ) i oS00 ¢ Le w1 AT1

Bl (e alladll Cadgs iy 521 o G5Las 1 )5S ele sl &g (it 35t o 5 Gt e
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A JEL1 2 (Python) siladt il (BFS) gluddft &y sl ols comad | 30e )15 Guulad iy i daan¥

graph = {
"A" ¢ ["B","C"],
"B" : ["D","E"],
"c" s ["F"],
"pD" : [1,
"E" : [1,
s []

visitedBFS = [] #Listto keep track of visited nodes
queue = [] # Initialize a queue

# bfs function
def bfs(visited, graph, node):
visited.append(node)
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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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Practical Applications of the BFS Algorithm
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F.C.ED B A :a (DFS) Gaall dstshy -Osuldl aas 2 (DFS)
graph = {
IIAII : [IIBII’IICII]'
"‘BI' P B3 ]n
||C|| : [IIFII]'
||D|| : []’
llEll : []’
uFu : []
}
visitedDFS = [] #list to keep track of visited nodes
# dfs function
def dfs(visited, graph, node):
if node not in visited:
print(node, end = " ") o N
visited.append(node) J’*“’)ﬁ‘aiv"fs"jﬂ o
for neighbor in graph[node]: Juaaid ) e La] juiSe pic 3 yalia
dfs(visited, graph, neighbor) é:aj(RuntimeStack)

| S enle e an)

# main program
dfs(visitedDFS, graph, "A")
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pop F (checked)
pop G (checked)

DFS
A-> B->E->K->F-> C->G

A 519k iall dsa ) sa ) Apadlly
DFS (3axll
push A (checked)
push B (checked)

push E (checked)
push K (checked)

pop K

pop E
push F (checked)

pop F
pop B
push C(checked)

puch G (checked)

A B 50ad (e a1 Gludl e datasti2 0

glaud ¥l da gt ols ot ey lgsn Gio .G Buigll Burde
plasiuls (DFS) Geatta gt gl cm 1 diey g5 5 (BFS)
3 La¥ pe ((s3oliall of udstl) cewlid i SLL JSis

Ceamd 1 Gl

BFS :

A->B->C->D->E->F>G

gslaly il a3l ) el

: gl 4aild aaiiuin BFS glady)
push A

pop A (checked)

push B
push C
push D

pop B (checked)

push E

push F
pop C (checked)

push G

pop D (checked)

push H
push |
push J
pop E (checked)
push K
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import json #a library used to save and load JSON files
2 a0 1oz
: gbﬁ‘ b db:' J # 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
. with open(symptom_mapping_file) as f:
3 2 1 mapping=json.load(f)
———
# print the JSON file
Al ey alall Gl 12.8 JSi print(json.dumps(mapping, indent=2))
acfsall e @LaN e liba ¥l 1S
{

"diseases": {

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

]1

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

]1

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

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

elif 'fever' in patient_symptoms:

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

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

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

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

return diagnosis
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# Patient 1

my_symptoms=[ 'abdominal pain', 'fever', 'vomiting']
diagnosis=diagnose_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"
llcoughn ]’
1, "allergies": [
"common cold": [ "headache",
"stuffy nose", "tiredness",
"runny nose", "stuffy nose",
"sneezing", "sneezing",
"sore throat", "cough",
"cough" "runny nose"
1, 1
"flu": }
"fever", }
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def diagnose_v2(patient_symptoms:list,
symptom_mapping_file:str,
matching_symptoms_lower_bound:int):

diagnosis=[]

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

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

# for every disease
for disease in disease_info:

counter=0
disease_symptoms=disease_info[disease]

# for each patient symptom
for symptom in patient_symptoms:

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

counter+=1

if counter>=matching_symptoms_lower_bound:

diagnosis.append(disease)

return diagnosis
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# Patient 1

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

# Patient 2

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

# Patient 3

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

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

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

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

{ "fever",
"diseases": { "headache",
"covid19": { "tiredness",
"very common": [ "sore throat",
"fever", "cough"
"tiredness", 1,
"cough" "less common": [
1, "stuffy nose",
"less common": [ "sneezing",
"headache", "runny nose"
"sore throat" 1
1 },
}, "allergies": {
"common cold": { "very common": [
"very common": [ "stuffy nose",
"stuffy nose", "sneezing",
"runny nose", "runny nose"
"sneezing", 1,
"sore throat" "less common": [
1, "headache",
"less common": [ "tiredness",
"cough" "cough"
] 1
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'], 3)
Most likely diagnosis: (['common cold'], &)
Most likely diagnosis: (['common cold', 'flu'l, &)
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import pandas as pd #import pandas to load and process spreadsheet-type data

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

medical_dataset

fever cough tiredness headache stuffy?:se 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]

= T

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
I S E EEEEN
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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]

- N

runny r tiredr =S
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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)


https://beadaya.com/

eV PeUNTEINTET TIPS P UR: - RUEYC P o (PP [JC SUR P P WM BN |

0 0 3 143 Alaal ) dewlint !
4 5 98 48 PRIESS [P e §%)
12 127 1 2 Axal119- b oS
122 31 3 1 Adaall 15 9lan Y

Alaall Y Ll byl cs¥lonl] 3300) Adgdens 12,14 JS5

£ o Ao Ll s JS Aadgll YLl i (s slils ) L;,_E.‘,J\ ol 2 2l NESY
zdgeill slas] s g a3l dasdl £5ls

Common cold  (Lewleustl) Allergies] Ll Loy alaa sl o s I il JBL Jw e
PIPAS R ENY C.sj_u_nul Lagainll mongs o[ (1 309lai¥l) Flu . (19- M}S)COV'dlg (.5)_._!‘ oY)
omlall (e 0l 31 Caioms 2 Uas ] LS sl (gl @gily 5 pull ¥ 5 oLl (e 21 48
1914, gilias gl 335la¥l

uﬁuuthmaM&AWu&,muMmeﬂ uuwcgﬁm\.\_@u\wﬁ;ﬁﬂj
Fio 3uasd LI dalsly . Lv_m_wi uﬂoux_dsujlul_’.ﬂwmmmbd\ m\ﬁ\ujmp_\a_u&.éﬂ|
(Jij_a_n by o rat) DecisionTreeClassifier Aegill 1oV el yaia da s Algloms (90 2300 02ia
ulcruLaJl T 35! 395 Holoes ;M\MUS_AJL‘S JJAQ-AMY T 35! 4B (s S « L,.ﬂ_d\_.ﬁ
A 5o gll 2 51 Sl os ey @lazieg um@uuu)ijmgyt A o9 aelsall


https://beadaya.com/

.ae19all e AeSlal! Aetai¥Wl rgue g Liljo aay ,S3I o

33 pal) cHAL CulS Lals 5o liSy Aadaty) sda Jaad - | Ay DSl Ja g el ) AN MAS) Lgikay -

) L) gal) pa Jalail) apbie Y 89 Basa 3 gl g

Y Gl Ladie Aald bl (e Juabi dBay g
il d (Gai p A 25| A8 mal) (e ) S 1508l ) algally

) Fia gl 48, Jally CaSil) gf alail) LgiSay Y - il
Bl dilaal) o gadaill 4008 8] Lelaay 1A g 9 Al e el AaAY) 28 Jaas -
2983 1S ghalall g clibad) CBALe St dua | BAS) e lall) ey b 5 a8 elad

105

gl gl ) A

¥ Jlao ¥l Cigue g Lilje Lo e
(s g8l g 43 pall 3acld pladin) Cpandaly Lase puedill ALY g gl Saay 1L 3al)
g bal) bl e i) jad) gl Jad ¢ 93 (el (andldal)
y L) Al Alall Jacwa JiiaS aY) 2 e A8 pacld o -
Al doaa g cilaalaty fadaa :

@m‘ua|,¢3r|ygsu§ Liay yo cie 192l e @518 ALALY Jo¥1 5lio ¥l ol ! e ol pladll 1| s e
4(‘_,_62..1!) Fevery (Jlgw¥1) Diarrheay ((tadt a¥7) Abdominal paing «(s4at) Vomiting]
L Sl S (393 S U Al ulall et | Le . [( ettt Jawhs 1) Lower back paing

(L}-‘\‘Si.“ ‘@Auﬂ‘):ﬁ (@il

#New patient
my-symptoms=['vomiting',"abdominal pain’','diarrhea’,’,'fever
‘lower back pain']

print (‘Most likely diagnosis :',diagnosis
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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
bIOCksz[(lr 1)1 (21 1)1 (21 2)]

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

small_maze

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

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

# coordinates of 30 random cells occupied by blocks
blocks=[(random.randint(0,9),random.randint(0,9)) for i in range(30)]

for block in blocks:
random_maze[block]=1

il Jen A0l A1l aixnd

import matplotlib.pyplot as plt #library used for visualization

def plot_maze(maze):

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

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

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

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

# list of accessible neighbors, initialized to empty x-1,y-1

. x-1,y x-1, y+1
neighbors=[]

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

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

# for each adjacent cell position
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)]1==0:

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

return neighbors

mp:ulj).hé;‘ l:_‘.:b;‘ L".Eej :‘HSleznkg)ijuﬂz\_d&u_ndLﬁﬁ‘mkjSu;‘M".'.\_Au.'a)lé_v
)_S‘«_fﬂauoj.uu_u),\ﬂ |M0Ad>§(uﬁ3&w)d|ag_bi)_baj‘o)u‘ﬁ.u_m Ja_aﬂo..\}‘jo.)_aj La,luse

o)_u.;dl.a.u‘ Jajj.wtn‘..x_m.u
LIl 3BV 2l o Alslea 2 get_accessible_neighbors() atls o=l ume\PJSﬁM
LM@)}LM‘}M)M‘WJ‘U}J‘UCMM‘M‘ u‘u.dd.md.“_,_\.CYL 4.@0.4.4.“ 3x3 MLLL“QM

o;..\zl‘
0 1 2

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

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

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

[((1, o), 1)1
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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

Jead W 2 g3 gls oot Aia )l gt Joond| sliyssled Ll reconstruct_shortest path() als ﬁm
get_accessible_ neighbors () cuti ! u_.)_._.uﬂ)_!a_dbj NN RS NI Lg_.J\)LMM(A* search)
: Al gl le bfs_maze_solver() als 2ai L)s.n:\ ‘u_u,m\.,.“l\ reconstruct_shortest_path(),

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

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

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

# add the start cell to the two lists

visited.add(start_cell)

to_expand.append(start_cell)

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

# the shortest distance from the start cell to itself, zero
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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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sole YL mjﬂ 3x3 3 yuiuall dalill |1 bfs_maze_solver () als Ll Loma ol ol ‘am

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

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

IS yoll Calizen (aniia (39 IS g Al M1 lS ot l 9 2z0Y) QE)ﬂ&J;iibjﬁMﬁMM\.d\ s
iy 4y gt oy Comd 1 2 ot 1 51aT Ala il g @1,\.&1\ (Weighted Version) Q,,'y!y.\.m;nﬁ“\_;_f}_m\ )] .a:')bin
ol e (5S35l Sl « (BFS solver)

from functools import partial

start_cell=(2,0)

target_cell=(1,2)

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

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

print('\nShortest Path:', solution)

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

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

Shortest Path Distance: 7

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

return 1
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q 4.;5.@)314\“‘_}‘21_,\.“‘ (A @ uS.A.AJ:-JmeJ u—” L_;.s}u‘_,.ﬂ_dbﬁ 4.&.&:.1\ Aol
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def get_best_candidate(expansion_candidates:set,
shortest_distance:dict,
heuristic:Callable):

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

for candidate in expansion_candidates:

# distance estimate from start to target, if this candidate is expanded next
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candidate_estimate=shortest_distance[candidate]+heuristic(candidate,target_cell)
if candidate_estimate < best_estimate:

winner = candidate
best_estimate=candidate_estimate

return winner

Ao Ltl g0 J_mg‘zﬂ C_MJ.U NERCSHCN (Prlorlty Queue) uyjmu_.ua ‘a,\:_._u._. R m;LaS)_.S| a...gla_dj
Ul alawly suclasallos get best_candidate() 4! ‘QM 3 ,S0e B By Wg\ K paz=n
A8 Gadatl s ﬁm Ao Ul St dalsYly . oL L m}ﬂ astar_maze solver()
)Lmi\ reconstruct_shortest_path() sget_accessible_neighbors_weighted() uu.\.al_ul‘ ol
.GHLHJ1GH“J|£,L¢&AL
import sys
def astar_maze_solver(start_cell:tuple,
target_cell:tuple,
maze:np.ndarray,
get_neighbors: Callable,
heuristic:Callable,
verbose:bool=False):

cell_visits=0

shortest_distance = {}
shortest_distance[start_cell] =

parent = {}
parent[start_cell] = start_cell

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

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

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

# if the target cell has been reached, reconstruct the shortest path and exit
if best_cell == target_cell:
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shortest_path=reconstruct_shortest_path(parent,start_cell,target_cell)

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

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

cell_visits+=1

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

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

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

# this neighbor has been visited before, but a better (shorter) path to it has just been found
elif shortest_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

a8y 5 Jimtl 5Ll e (A* search Solver) Jiad® i sl ols cod 1 2 Jond| 3151 consiee
s Jol i g ll (BFS SOIVET) a1y o8 gl oot 1 2 Jomd 15151 ¢y St 58T 12y 305 12 aed
LSy .astar_maze_solver() sLa,¥ ‘;a:aﬁ_‘.j.\ colitl ¥ an W Al I sgas 1ia . daza LM 10 jaxd
el JSi ol lomsl (e Bl gl el 3T JYoiaal Bl alimiunl (S5 ol a2 sy mivi
dalill g e 3,508 (A* search) Jad¥ias gl ol comd i aa))lss cOlS 13 Lo @i o 3001 355

Y al Lgd leus ymdl e sl 2 (BFS) plud s ot ol comett duad)lg i 3l &gl

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)
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print('\nShortest Path:', solution)

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

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

Shortest Path Distance: 5

Number of cell visits: 12

Jazﬁlfaﬁybululcj}mb Ligigll Wl > e astar_maze_solver() 3.3 x5l @:;
alasnl l..\,.ac_.ayu_aj 5Laydad dlealaakn[(2.1)(2.0). (1 0) (0.0):(0.1).(0.2)]
L8 an 44y )b@‘e‘.\mbd.m‘ﬁ‘daﬂ A\m‘w;‘.&uu@ﬂmwumMJ)‘P

Algorithm Comparison L)yl gdnd! Cpw 43 yLat
A lg3mg (BFS) pla ¥ o8 oy o a1 3sa 3l g5 0 A LAL o A1 3 glasn]
Jan STy Lams ST dalie 2 (A* search) Juad¥i i gt ol G
2alill olg e il ¢ LasY gl 23l I e o] pdaill @l

( (Raigiwall auls11) 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), TC,10),(Ssdidym(8y12y;
(3,8), (4,8),7(5,8), (6,8), (7,8),
(3,12), (4,12), (6,12), (7,12)]

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

aaliell 30 gl Aty 4yl ! 3512.23 IS big_maze[block]=1

(aulodl 21s) start_cell )

u.” Jgogll LA)}\AJLAMJ‘UJLHJCQP@UJCPBA‘UJMUJLL;}M 15x15 MLJ.‘&..\_A
«_«:-..;J‘Ld:-..ﬂobb (BFS solver) thY' 4.}33}\; M‘LJ:J‘M.\“AM ‘c_v Xaadatl A.\.‘z-.l‘ caugll

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

farget_coti-(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,
get_accessible_neighbors,

121
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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, &), (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) 09398yl ¥

target_cell=(5,10)

horz_vert_w=1
diag_w=3

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

partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag w),

verbose=False)

print('\nBFS weighted.')

print('\nShortest Path:', solution_bfs_w)

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

solution_astar_w, distance_astar_w, cell_visits_astar_w=astar_maze_solver(start_cell,

target_cell,

big_maze,

partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag w),

constant_heuristic,

verbose=False)

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

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

Ax Search weighted with constant heuristic.

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

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell visits: 1245
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maze_bfs_w=big _maze.copy() maze_astar_w=big_maze.copy()
for cell in solution_bfs_w: for cell in solution_astar_w:
maze_bfs_w[cell]=2 maze_astar_w[cell]=2
plot_maze(maze_bfs_w) plot_maze(maze_astar_w)
( .(A* search) Juao ayglsly e | z_.m;)bs.) (.(BFS)tL.aYl Byglgly el Aayylsn )

JuaW auglgly com g LW Aglsls comdl indslgin o o 25150 12,24 S

38 3ol iy Ll prans (A* s€@ICh) Juiad ¥ 1 o7 gl sl e 31530 5 puiaad) Bnglall o] (MLl 1S3,
P P POPAKTE WV S PPQUINVE-JIPTEN E IR ERIUPIE VUM BN PE -2 eSO [ P ST R PRI
il g3l o dale 25lae b Lady 3415 el S Aasiy 48 po JS 3G 5 puinaad | ol (BFS) Juad¥
:2.6 Joax 2 minga 9 Mshiuﬁ!ﬁqzﬁru&

124


https://beadaya.com/

125

Byl |y 9 3 pcCiud) Slea )yl gdelt (o Adylde 12.6 Jou>

3yl cbiadslesdl oo U]

Gl IS fa S Ailas 4ud

W PYCOPI | PRI O PO T

.éUa_u‘ tu-l‘} .éUa_d‘
S gl 3ans ale IS8 Euulia Ylo 3ha

Lt | et

(Computational Complexity)

(Efficiency) dslast|

(Performance) s1s¥!

(Effectiveness) adlaall

e g e S e ol e gl gy (BFS) placi 31 iy 75l o1 sa 155 0] Sl gl el cay
A g gl et el 183 8T Vil gy o3 Aaled (S Aigiell el B2 LTy J3] e
Oleile lue ga anludl I sund! alaglall 2 el J¥aiwYly . (A* search) Juas¥s
ole Yl olisl ISl @iﬁ WUa.a.zuﬂ_Ja.‘uu_u‘.\}‘u’\_! Akl @lBy 5l pgaza a9 (Manhattan Distance)

Manhattan Distance (i lg3le 42 lue

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

B (x2, y2)

r

A (x1, y1)

Oilele 28Lia 12,25 K

—


https://beadaya.com/

b LeS Oginld) 015 3 5500 2. g gua 10 Gula (Sa
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¥aiu¥ 10 alaseiwl 45180 HLasY L Gome pdl pladt] addiy f
Wigdakl ud s Bgdll Wl e JS 2 ¢y S e 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('\nA* Search unweighted with the Manhattan heuristic.')
print('\nShortest Path:', solution_astar_unw_mn)

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

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

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

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

print('Cells on the Shortest Path:', len(solution_astar_w_mn))
print('Shortest Path Distance:', distance_astar_w_mn)
print('Number of cell visits:', cell_visits_astar_w_mn)
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A Search unweighted with the Manhattan heuristic.

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

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 865

A Search weighted with the Manhattan heuristic.

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

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell visits: 1033
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