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def mySumGrade (gradesList):
sumGrade=0
1=1len(gradesList)
for i in range(l):
sumGrade=sumGrade+gradesList[i]
return sumGrade

def avgFunc (gradeslList): . Al ele ol
s=mySumGrade(gradesList) .mySumGrade
1=1len(gradesList)
avg=s/1

return aveg

doild len( ) Alls ausdus

- S : & Lﬁ F
# program section Aotomig iobiwomd (Iia JelaeS

grades=[89,88,98,95] -Aallalt £ juoliallsie
averageGrade=avgFunc(grades)
print ("The average grade is: ",averageGrade)

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

else:
#recursive call
recurseFunction()

0
=

# main program

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

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

return result

# main program

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

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

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



# calculate the factorial of an integer using a

# recursive function
;/K E\ def factorial(x):
*((2}._13,..=u : return 1
- else:

num =

= -
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# main program
int(input("Type a number: "))
f=factorial(num)

print("The factorial of ",

eleanu ¥l alls
Al Sl

return (x * factorial(x-1))

u' _F)

num, " 1s:

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

[

iF a==1;

m = A[n-1]

else:
m

return m

i

max(A[n-1], findMaxRecursion(A,n-1))

def findMaxIteration(A,n):

m = A[6]

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

return m

Aouall 13 juaialimax() A1l x p5aius

(myList 2. . S¥1 aeGl g3 jualiall) LSY

# 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 1is: 73
Max with iteration 1s: 73

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

< ( max(A[2], findMaxRecursion(A, 2)) )
P
@ -::( max(A[1], findMaxRecursion(A, 1)) )
I
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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)

I

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 = {

visitedBFS = [] #List to 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:
= queue.pop(0)
print (n, end = " ")

for neighbor in graph[n]:
1f neighbor not in visited:
visited.append(neighbor)

queue.append(neighbor)

# main program
bfs(visitedBFS, graph, "A")
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graph = {
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visitedDFS = [] #list to keep track of visited nodes
# dfs function

def dfs(visited, graph, node):
if node not in visited:
print(node, end = " ") "

visited.append(node)
for neighbor in graph[node]:

per R Te T u..ulﬂ.d‘ [l...l_"l'_-l.u.lzl
SahlST AT gl i 3 it

dfs(visited, graph, neighbor) »

# main program
dfs(visitedDFS, graph, "A")
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DFS:
A>B->E->K->F->C->G

((DFS) Goatt daghgls comd) da sl ) 2sniil s

NP PREGH
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)
push G (checked)
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BFS:
A>B->C->D->E->F->G
((BFS) gLttt g8 gl comal a5 (11 sl
:l:;j._nl.h daild Al

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

pop F (checked)

pop G (checked)
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import json #a library used to save and load JSON files

# the file with the symptom mapping
symptom_mapping file='symptom_mapping v1.json'

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

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

"diseases": {

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

1,

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

1,

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

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

elif 'fever' in patient_symptoms:

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

elif "lower back pain" im 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_v2.7json’

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

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

"diseases": {

"covid19": [ "stuffy nose",
"fever", "sneezing”,
"headache”, "sore throat”,
"tiredness", "cough",

"sore throat", "runny nose"
"cough" s
"allergies": [

"common cold": [
"stuffy nose”,
‘runny nose",

"headache",
"tiredness"”,

"headache",
"tiredness"”,
“stuffy nose",

"sneezing", "sneezing",
"sore throat", "cough",
"cough" "runny nose"
I ]
"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=06

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

S ol e ¥l dalaia e e 2015 Bmma o olalans 33l ks y S11F o ylae e los¥ 1ia gpimy ¥
FOR ¥ 5 ,<al aala alazenl )l oeWI2 | aima pony0 (€ 35012 laa¥l law (g ) JSON cala

- Lt

50 JS2_ (Counter) stiaf1zslsys o pall dag pall (ol pe ¥l dijliessuas le (38 JS e Aaladl GaxD
Gy allaill Lgsa e

D
i S



95

# 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:
Most likely diagnosis:
Most likely diagnosis:

[l
[I
[]

common cold', 'flu', 'allergies']

common cold']
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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))

"diseases": {
"covid19": {

"very common": [
"fever",
"tiredness",
“cough”

1,

"less common": [
"headache”,
"sore throat”

]
g
"common cold": {
"very common": [
"stuffy nose”,
“runny nose",
"sneezing",
"sore throat”
1,
"less common": [
"cough"
]
&
"flu": {
"very common": [

"fever",
"headache",
"tiredness",
"sore throat",
"cough”

1,

"less common": [
"stuffy nose",
"sneezing",
"runny nose"

]
"allergies": {

"very common": [
"stuffy nose”,
"sneezing",
‘runny nose”

I

"less common": [
"headache",
"tiredness",
"cough"

]
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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

)z

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

disease_info=mapping['diseases']

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

for disease in disease_info:

# get the very common symptoms of the disease
very common_symptoms=disease info[disease]['very common']

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

for symptom in patient symptoms:

if symptom in very_common_symptoms:
disease scores[disease]+=very common_weight

elif symptom in less_common_symptoms:
disease _scores[disease]+=1less common_ weight

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

1if max_score==0:
return []

else:
# get oll 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'], 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 sorethroat  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 diognosis column to get only the symptoms
train_patient_symptoms=train_dataset.drop(columns=['diagnosis'])

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

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

# return the trained model
return model
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from sklearn.model_selection import train test split
# use the function to split the data, get 30% for testing and 70% for training.
train_data, test_data = train_test split(medical_dataset, test_size=0.3,
random_state=1)
#print the shapes (rows x columns) of the two datasets

print(train_data.shape)
print(test_data.shape)

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

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

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

o Ty

sore throat <= 0.5 sore throat <= 0.5
gini = 0.606 gini = 0.507
samples = 791 samples = 609
value = [354, 340, 71, 26] value = [0, 5, 287, 317]
runny nose <= 0.5 tiredness <= 0.5 sneezing <= 0.5 headache == 0.5
gini = 0.497 gini = 0.182 gini = 0.387 gini = 0.309
samples = 526 samples = 265 samples = 317 samples = 292
value = [354, 101, 58, 13] value = [0, 239, 13, 13] value = [0, 2, 235, 80] value = [0, 3, 52, 237]
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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 = a .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. 122, AZF].
[ A; 3, 21; 12211)
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# New patient

my_symptoms=[ 'vomiting', 'abdominal pain', 'diarrhea', 'fever', 'lower back
pain']

diagnosis=diagnose_v1(my_symptoms)

print( 'Most likely diagnosis:',diagnosis)
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import numpy as np

# create a numeric 3 x 3 matrix full of zeros. o PR ;L_;,.‘-.,_.Ii%_;-_ﬁ_taja__u_..:,j_x__a 43 3x3
SEALE Saze=np.2eres (i3l & Jolaill Jola sloenl 800 @a)) el e
# coordinates of the cells occupied by blocks dalte o 5 AL E.LE.-ilj 5 S sl alnyl
blﬂﬂkE:[(lr 1)- (2: 1): (::'- 2)] t..J'_"—‘._-.-"L" u-l"c t.r"” 10.000x10.000
for block in blocks: iQ}quaJnnndkLmié_lni}U gl
# set the value of block-occupied cells to be equal to 1 q i _
small _maze[block]=1 i <._.v-”—"-” eyl alasll alaziul Sa

Jﬁdl Jj_...ag CIII_IL_I.I dcgazxa ;L.Z'u.t}’ LJ_E‘:HI'-;FI
2.18 JSLI 2 minsll

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

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

for block in blocks:
random_maze[block]=1

aalit) Jiest 3l A 2l

import matplotlib.pyplot as plt #library used for visualization

def plot maze(maze):

ax = plt.gca() # create a new figure
ax.invert vyaxis() # 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)

.-.hj....JI l;iLIJJ_q_H

o
DS Y jalgamlls Algalie
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Ablzie jolgs aluaiul 1010 2abia 1551219 i

110



Anlie gl 2500 L5 5 y9lanllg A2 5Lall L S e (g 30513 Lo il AL A1) Al el Sy

def get accessible neighbors(maze:np.ndarray, cell:tuple):

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

xly:EE“I_l /

# for each adjacent cell position
for ilj in [(K‘l-?'1):(1"1r?)-(K‘l-F*i)-(K:F"l):(K-Y+1)r(i+1-Y“1)-(1+1-Y)r
(K+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

RAIC oy Lyt o Gl amad Sy ;ijdﬁigimemimds;le PO
J_.sm'ﬂu..u.aﬁw;,.m1uwﬁﬂgjim}mam.ﬂ_,ﬁmum;uu Mauljﬁgjuilm
(3 puiia JLES| dag o pa | Lutas

adltl Ak 2 aalitll |- alsles2 get accessible neighbors() als ‘_,_-,-_.Jh_.Lm_UIPJSiam
dalzell 5 Hgloellgdl Hlall Ao il AU oGS atlall o oy ameall e YL Laboall 3x3 Lalut ot
a_"q.:h_':-_u

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

[((e, 1), 1), ((1, @), 1)]

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

[{{1; @), 1)]

Aalill 2 3 Y 5lell LI sle il cl1iS s cculalitl sLas) 3,88 coalas o an
3lomal I (e Aalill o LgiSas Il cem | il plgin Gaulad 8 2000 55 lasl L
aul ol duds 330zl J#i@i&[@@l@ﬁhwﬁaﬁmJM1

5 aglaedl s 12,20 K
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Using BFS to Solve Maze Puzzles

J?L”'i >t (BFS) glusafi austsly oot 3] l5a < 5ol a2 Ledl ,Lall bfs_maze_solver() alls asxss
a.'ﬁ.h_'r_ugEt accessible_neighbors( ) adls t.aj_u.ai l.i_:b‘ﬁ..i:r_l_-.u waagll s 4_,1.1_.114_.3‘:.1.1_-.-_._“1.. 4 alall

-Li_g.]jh uﬂJlMJJlPJ}Lc 3 p=an g u..::a-_l.n ;-Lui 3.Ia.aJL_g| die Lg....a:a-ﬁus.ug_d'r aJ_g'l:a-_H 'l_-r}L‘n.Tl «F-Lﬂ.]_u.u.gu.lﬂ‘gll_i
elisale¥ JawYL L-:-_m‘gll reconstruct_shortest_path( ) 4l f..:.:u_..u.u.u aagll ALl e (BFS) e

dladlada Il cangdl ads e dSe 5 ygucns ylual s g dilennly )...aiﬁ"r sl

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

NICE (YN IO [ B P PP R P | lisle Ll reconstruct_shortest path(} alls f._.uu_.um
get_accessible_neighbors( ) ¢l il cas a5 ) )_ul_,j u_uq,.m laa2 Ll Lgdl JLL&LI(A* search)
AL gl e bfs maze solver() s a2 L,s.,az. ‘uj...ml..m 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] = ©

# 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) #get the 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: #if this is 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]

+Ccost:

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

Shortest Path Distance: 3

Number of cell visits: 10
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def get _accessible _neighbors weighted(maze:np.ndarray,
cell:tuple,
horizontal _vertical _weight:float,
diagonal _weight:float):



neighbors=[]
x,y=cell

for i,j in [(x-1,y-1), (x-1,y+1), (x+1,y-1), (x+1,y+1)]: #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,]j)]==0:

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

return neighbors

il =l t_a.'l‘.'n.-.'r_.qua.s;:-_iu_;_q GOS8, ;3__“....‘1)_11 le):njiji:ﬁh:ﬁ’l Qﬁjﬁuai;a’:mjw fh:.\:?_-un.iu atl ol e
plad i a ot ols o 1 2. ot 1 B1aT Al il @itjhﬁi (Weighted Version) ;,j;uxu;uymﬁ.u;.f_wi 131 .aﬂ,i:.ﬁjl
s LeS (395 25331 (yla . (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, @), (e, 1), (1, 2)]
Cells on the Shortest Path: 4

Shortest Path Distance: 7

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

return 1

@ @ oo el s 1301 aass oyt asi W, gyl #Mdymﬂiimutu_aﬁ;ﬂiu_h
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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)
1f candidate estimate < best_estimate:

winner = candidate
best_estimate=candidate_estimate

return winner

Jam oM L s 4.::_9.“:.-_11 il—.-_..u_)li LSS =2t FOr ) ,<511 4 5l u_l;‘:s"u 4l JLl.u.U i Bl | ,i‘-'s.JJI'_l_l.u.'l
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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:
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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[best_cell] + cost

shortest_distance[neighbor]

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

Shortest Path Distance: 3

Number of cell visits: 12

das Juna¥lg yondY| d—-ua-—l‘ shedl ye (A* search solver) Juaay! .q_i_,.ijl.l KPS {1 SO S {1 { I OO, I
aay Sl as g 3l (BFS solver) gLus .n_,jjjh_._-.-..dde_-..:ma1;1L,_n M5 56T fiag. 4 1512 jaxd
LSy .astar_maze_solver( ) sLa ;¥ ,_ami colitl Yo Wabli N sgalia . daza LMs 10 o

t)...uidi_;ud:.ﬂ J%l@@_ﬂb&ﬂ@ﬂgﬁi J¥ e Mij‘aimii)&:;@ﬁﬁ IM.EL_LL?E‘:L_H
dalill Js e 35005 (A% search) Juad¥iagtshs comd i 4]yl ga ol 151 L @i s A0 55 asl
Y f.'i lg! slie yumdl Jle ysiell 2 (BFS) glus Y| gl b G| Ayl g clia 1l A3yl

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

Shortest Path Distance: 5

Number of cell visits: 12

J@il uad¥ Ll Jle sialls d3g3ell Alatl U le astar_maze_solver() 3,43 L] EL;

Al i il Ll 3a e g 1089 .5 Layud L llen) 25 [(2.1) . (2.0) . (1.0).(0.0) .(0.1) .(0.2)]
AiSas da )]ahh.uuiialmbdu'h"rd_—..}lJhulwmu#‘awumlmiui?

Algorithm Comparison Ol )yl et (na 45 yLaL|
EWPSPIPERY (1) PP (PPN PIRTCR [ WSS PERR: V51 b LRS- W [ U PN |

Saaes yiCTg Lases ,uST 2alie 2 (A* search) Juaa¥i i glshs oot
Aalill olgd ad) LS ¢ LasY (gl 2ol G oee ) pladll @l

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

# coordinates of the cells occupied by blocks

blocks=[(2,8), (2,9), (2,10), (2,11), (2,12),
(s,8), (8,9), (8,10), (8,11), (8,12),
(3,8), (4,8), (5,8), (s,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

aals. ag:hé:._..l1a:._u.,_1|fa__,1h,__,_u ;__,_g_.—._:lzg Jok big_maze[blncklzl

(L)l as ) start_cell

l.:r'" Jj—‘-ﬁj-u L:bJ_gl:nJu.::}fljluJ.:u_iJ_u Cdﬁdiwulc);ljmjlujﬁﬁuicdjm 151153_1!:\.&1&.1_&
Comd 12 15119 (BFS SU]UEf)t@ﬂ|hﬁjLM|LMlﬂlﬂlﬁMﬁJ X s Halls .‘.'-.ul-_l'rd_x_d_l's

razmad| 35S Aalill la (e ighall jud o Ligiall culjlus¥! U=t (A* search solver) Juaa¥ia, ol 5l

start_cell=(14,0)

- ' T -
target_cell=(5,10)

solution_bfs_unw, distance_bfs_unw, cell_visits_bfs_unw=bfs_maze solver(start cell,
target _cell,
big maze,
get_accessible_neighbors,
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verbose=False)

print('\nBFS unweighted.')

print('\nShortest Path:', solution_bfs_unw)

print('Cells on the Shortest Path:', len(solution_bfs_unw))
print('Shortest Path Distance:', distance_bfs_unw)

print( 'Number of cell visits:', cell_visits_bfs_unw)

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

print('\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, ©), (13, 1), (12, 2), (11, 3), (10, 4), (9, 5), (8,
6), (8, 7), (9, 8), (9, 9), (9, 18), (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, @), (13, 1), (12, 2), (11, 3), (10, 4), (10, 5), (10,
6), (9, 7), (9, 8), (10, 9), (9, 10), (9, 11), (9, 12), (8, 13), (7, 13),
(6, 13), (5, 12), (6, 11), (5, 10)]

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 1272

target cell=(5,10)

horz vert w=1
diag w=3

solution bfs w, distance bfs w, cell visits bfs w=bfs maze solver(start cell,
target_cell,
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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 Paths [(14, @Y, (14, 1), (14, 2), (13, 2), (13, 3), (12, 3), (12,
&), (11,54}, (11, 5), (18, 5), (16, 6), (9, 6), (9, 7}, (9; 8), (9, 9), {9,
183, (9, 11), (9, 12}, (9, 13), (8, 13), (7, 13); (b, 13), (5, 13}, L(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, ©), (13, o), (12, o), (11, @), (10, ®), (9, 0), (9,
1), €9, 2), (9, 3), (9, &), (9, 5), (9, 6), (9, 7), (9, 8), (9, 9), (9,
183, 9, 1), 9, 12), (9, 13),; {8, 13), (7, 13); (b, 13), (5, 13}, (5;
12}, (5; 11), 5; 18)]

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell visits: 1245
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Sleadl e ys5all 2 (A* search) Jus¥l Luglsls o lly (BFS) pLos¥l Luglsls ool Liia)slgi o @
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1272 1i1as 1237 ga5 L (e J31 sue o ey Joud| (BFS) plui¥ i as o ols oot t 3s)slgn Conn g @
.(A* search) Juad¥ia gl ol cumdd i dua))lss 2

Ciyte o i 03ell Hlaia M BV Ll e 555113 (BFS) pludi aglyls cumutida))lsh cul i @

.EJ&}BDMJLMUE
Gy o oOededl Hlaad ,ndWl Ll e (A* search) Juad¥ia gl gy oo L ia))lgh ooy @
¥ NES 25Lj_9.1=uJL.u..nulc
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i ALIS G93sll 5laa I (A* search) Juad ¥ as gl gl cumatt da))lgsg

maze_bfs_w=big maze.copy() maze_astar_w=big maze.copy()

for cell in solution_bfs_w: for cell in solution_astar_w:
maze_bfs _wl[cell]=2 maze_astar_w[cell]=2

plot_maze(maze_bfs_w) plot_maze(maze_astar_w)

.(A* search) Laa¥l delsly .i.:-eﬂa__rm_:;_ﬂjj-.) ' .(BFS) glus¥l Liglsls Gl 3is 5o )

Juna W1 Auglls g p Lo Bugloly il i3 jlasn o o 35120 12,24 ISt

3S yol iy Ll prasss (A* S€AICH ) Juiad¥1 2 o7 gl st 13203 55m0 3 i | Baalall o (M2 S5
A g¥ gl oot 3 pe 3153 Jalon (6 5] L5 (pny Al 119 238 3 5l (yom Ll Lgalks oY 2
ileas gl s dale 25lae b Lty 425 el Mo S las3y 48 o (S a5 3 il o2 (BFS) Juiad ¥
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(Computational Complexity )

(Efficiency ) 3¢ Las]|

el g el SIS i fo 2

At il (Performance) «1s¥1

Jia¥ L;E_-: ,f..Lr_ Sl E_.....;L..: Yola :53_-..3 (Effectiveness ) atlaall

W&ﬁ@&gﬂ?‘d&ﬂuhiyﬂiw(EFS)&Luuﬁ'id_iijhq_mdﬁa_miﬂPu E_.L_m,_gim ._u;(.__nj
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Manhattan Distance (b lgile dalua

Manhattan (A, B) = [x1-x2| + |yl-y2|
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O,
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Al(x1, yi)
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def manhattan_heuristic(candidate _cell:tuple,target cell:tuple):

x1,yl=candidate _cell
x2,y2=target cell
return abs(x1l - x2) + abs(yl - y2)

astar_maze_solver() e S J¥00 w1 alises ol 1610 Loy I eyl 2 Laall f.m_.j
:Aigdell ud g Aigiell ¥l fya E}rs:gf_q,_m'i JSEs el B

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('\nA* Search weighted with the Manhattan heuristic.')
print('\nShortest Path:', solution astar w mn)

print('Cells on the Shortest Path:', len(solution astar w mn))
print('Shortest Path Distance:', distance astar w _mn)
print('Number of cell visits:', cell_visits_astar w mn)
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Ax Search unweighted with the Manhattan heuristic.

Shortest Path: [(14, ©6), (13, 1), (12, 2), (11, 3), (1@, 4), (9, 5), (8,
6), (8 ), {9849, 93, (9, 18}, (9, 11), (9, 12), (8, 13}, (7, 13),
(6; 13}); (5, 12}, (5; 11), 5; 16)]

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 865

Ax Search weighted with the Manhattan heuristic.

shortest Path: [(14, 0), (14, 1), (13, 1), (12, 1), (12, 2), (12, 3), (12,
4). (12, :5), 12, 6), (12, 7), (11, 7), (11, 8), (18, B8). (9, 8), (9., 9),
(9, 1@}, (9, 11}, (9, 12). (9, .33), (8, 13), (7, 13), (6, 13), (5, 13}, (5,
12); €5; T1),; (5, 183)

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell visits: 1033
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