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GUIDELINE®S

You don't need to memorize
what will be mentioned.
Instead, try to understand

Fach PowerPoint
Presentation will be available
as PDF tile on Google Drive
Folder of the Course



REMEMBER |

In our course, we are targeting

Which means, all of our problems
will be in the form of that
shows all possible forms of the
environment




STATE SEARCH SPACE



STATE SEARCH
SPACE

state search space is the
collection of all possible states a
system can e in while searching

for a solution to a given problem.




KEY ASPECTS OF
"STATE SEARCH
SPACE"
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(1) SPACE GRAPH

A representation of all possible states and transitions between them.
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(1) SEARCH GRAPH

Wikl s “Glreron™ 4

« A graphis a data structure used to represent relationships between objects. It
COnsIsts Of:
1. Nodes (Vertices, V) — Represent objects or states.
2. Edges (E) — Represent connections or relationships between nodes.

Directed Undirected Weighted Rl Cyclic Graph
Graph Graph Graph Graph y .

Acvelic Graph Connected Disconnected
’ i Graph Graph



(2) STATES

« Each unigue configuration of the system is called a state.




(3) INITIAL STATE

+ The starting point in the search process.




(4) OPERATORS (STATE TRANSITIONS)

» Actions that move from one state to another.




(5) GOAL STATE

« The state that meets the problem's success conditions.

Initial
state




(6) SEARCH PATH

 The sequence of states from the initial state to the goal state.




Depth First Search

Breadth First Search

* Search

Uniform cost search

Greedy search

Bidirectional search

lterative deepening search




Uence of actions that lezs
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Js to the goal state efticiently.

How to measure the performance “Optimality” ?

1- Reaching the goal
2- How "expensive” that path to the goal is




(9) ADDITIONAL: PATH COST

» Path Cost refers to the total weight or cost of a path between two nodes in a graph.
» Forthe solution path, the total cost is the sum of edge weights along a specific path.
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GRAPH REPRESENTATIONS
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UNDIRECTED GRAPH

0 Initialize adjacency list with V vertices

Adjacency List
e
! 12

2 2 0

Undirected Graph Adjacency List Edges

e Graph Representation of Undirected graph to Adjacency List e

Adjacency Matrix
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DIRECTED GRAPH

Array Linked List
o Adjacency Matrix for

0 Directed and Unweighted graph
:> 1 » 0 > 2 > Null @ :G) o01!/2/3
o 2 30—/l O/0|1/0 0
— > /1|0 0|10
Directed Graph Adjacency List y 2/0/0/0]1
@ 3/o/1/0]0

Graph Representation of Directed graph to Adjacency List

Adjacency Matrix A[ ]




TREE®S



Tree Data Structure

Height of
the tree

Level O

Level 1

Level 2

Level3

Level 4




Pre-order | |n-order Post-order




TREE TRAVERSING

» Tree traversal refers to the process of visiting each node in a tree systematically. It
is essential for searching, sorting, and processing data in tree-based structures.

In-order Post-order




HOW TO SEARCH 7
(SEARCH STRATEGY)

2



» Unitormed Search (Blind Search):
state

Uniformed Search
Strategy

Directed/Undirected Weighted Graph

Depth-First Search Breadth-First Search Uniform Cost Search




BASIC SEARCH

. Initialize an empty list and put the initial state in

It

. Take the first state in the list as the current if itis

not visited yet otherwise skip it, and remove it
from the list

. Check if the current is the goal state, if it is, then

terminate the search and return the solution
path

. Otherwise, expand the current of its successors,

and add them into the list using a queuing
function

5. Repeat from (2) to (4)

6. If the current becomes empty, then there is no

solution and return “fail”
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DEPTH-FIRST SEARCH (Y3l (all)

NIE@rElUniction

LIFO (Last In, First Out) is a data access principle where the
last element added is the first one to be removed.

Input inventory while storing Output inventory from storage

LIFO

Lastin First Out

Storage Unit




DEPTH-FIRST SEARCH GOa‘: /‘ /‘
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DEPTH-FIRST SEARCH GOa‘: /‘ /‘
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List
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DEPTH-FIRST SEARCH GOa‘: /‘ /‘

List




DEPTH-FIRST SEARCH GOa‘: /‘ /‘




DEPTH-FIRST SEARCH

3 9 10 12

Solution: [1, 3,7, 11] - Visited: [1,2,4,8,5,9,10,3,6,7,11]



Start

DEPTH-FIRST SEARCH (GRAPH)

--->TOP

[S]

[S,A],[S,B],I[S D]

[S, AL [S,B],[S, D, G]

[S,A],[S, B]




BIEG Function

FIFO

First In First Out

— T .
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BREADTH-FIRST SEARCH GOa‘: é
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BREADTH-FIRST SEARCH GOa‘: é




BREADTH-FIRST SEARCH GOa‘: é

38 9 10 11 12

Solution: [1, 3, 6] - Visited [1, 2, 3, 4, 5, 6]



BREADTH-FIRST SEARCH (GRAPH)

FRONT<------ > REAR

[S]

Start [S.A].[S,B].[S,D]
5

[S,B],[S,D], [SAC]

3 o D [S,D], [S,A,C,[S,B,D]

[S,AC] [SB,D] [SD,G]

[S,B,D].[S,D,G] [S,ACDI[SACG]




DFS VS. BFES

[S]

[S,A],[S,B],[S,D]

[SA],[SB],[S,D, G]

Actual Cost: 10
Sol. Steps: 3

[S]
[S,A],[S,B],[S,D]

[S,B],[S,D], [SAC]
[S,D], [S,AC], [S,B,D]

[S,AC] [S,B,D] [SDG]

[S,B,D], [S,D,G], [SACD] [SACG]

Actual Cost: 10
Sol. Steps: 6




IMPLEMENTATION



# Make a
cla=s=s Graph:
def  dnit (=s=elf, root=None, weighted=None, directed=MNone):
t Adjacency List representation
root:
self. graph iroot:z[ ]}
else:

salf. graph {"root™:=[]1}

self. weighted = weighted

if weighted == True:

self. weighted = weighted
elif self. weighted !'= None:
raise Exception("weighted parameter be True or None™)

s=elf. directed = False
if directed == True:
=elf. directed directed
elif self. directed
raise Exception(” rected parameter shouwuld be True or None™)

print{f"Graph is created with root name: {list(self. graph.-.keys{}}[@]3}")




def add vertex(self, vertex):
if vertex not in self. graph.keys():
self. graph[vertex] = []

print("Vertex 1s added successfully !7)

else:

print("This vertex does exist in the graph already !™)



def add sdge(self, wertex 1, wertex 2, weight=MNome) :

if wertex 1 in self. graph.keys({) and wertex 2 in self. graph.keys{ )=
if nmot s=1+F. directed:

i¥f mot =elfF. weighted:=

self. graph|[wertex 1] .append(wertex 27

self. graph|[wertex 2] .append(wertex 17
el se:z

if weight !'= MNMone:

s=elf. graph[wertex 1] .append{(wvertex Z, weight)])

s=elf. graph[wertex 2] .append{(wvertex 1, weight)])
el=e:

raise Exception{ ™It showld be a weight for the sdge™])
else:

i¥f mot =elfF. weighted:=

self. graph|[wertex 1] .append(wertex 27
el se:z

if weight !'= MNMone:

=l . graph|[wertex 1] .append{(wertex Z2, weighit)})
el=e:

raise Exception{ ™It showld be a weight for the sdge™])
el=sez

raise Exception "It should be both wertices exist inm the graph ™)

print{f"Edge added between {wertex 17 and {wertex 21"




return self. graph

—




my_graph = Graph{"5", directed-True, weighted-True)
my_graph.add_vertex("A")
my_graph.add_vertex("B")
my_graph.add_vertex("C")
my_graph.add_vertex("D")
my_graph.add_vertex("g")
my_graph.add_edge("5","B", 3
my_graph.add_edge("5","A",
my_graph.add_edege("5","D",
my_graph.add_edge("A","C",
my_graph.add_edge("C","G",
my_graph.add_edege("C","D",
my_graph.add_edge("8","D",
my_graph.add_edge("D","G",
print(my_graph.get_graph(})

Graph is created with root name: 5
Vertex is added successfully !
Vertex is added successfully !
Vertex is added successfully !
Vertex is added successfully !
Vertex is added successfully !

added between S and B

added between S and A

added between S and D

added between A and C

added between C and G

added between C and D

added between B and D

added between D and G

: [('8%, 3), ("A', 2), (°D', 501, 'A%: [(°C", 4)1, "B%: [('D', 4)]1, "C": [('G", 2), (°D*, 1)1, 'D': [{'G‘, 5}1, "G': [1}




def DF:(self, goal, start=None):
if start I= None:
1st = [[start]]
else:
1st = [["root"]]

wisited = []

while 1st:
current_path = lst.pop() & LIFQ
current_node = curremt_path[-1]

if cwrrent_node in wisited:
continue
wisited.append{curremt_node)

if cwrrent_node == goal:
return current_path, wisited
else:

T P S| I o - - S I e il
# Sort gll elements aglphobetically to get o umified

# Sorting in ascending ﬁfrafl?ﬁ fol Low
adjacent_nodes = self._ graph|[current_node]
adjacent_nodes.sort()
if self._ weighted:
for node, _ in adjacent_nodes:
new_path = current_path.copy()
new_path.append({node)
1st.append {new_path}

node in adjacent_nodes:
new_path = current_path.copy()
new_path.append({node)
1st.append {new_path)

raise Exception{"Search Failed !")

BASIC SEARCH

1. Initialize an empty list and put the initial state in
it

2. Take the first state in the list as the cument if it is
not visited yet otherwise skip it and remove it
from the list

3. Checkif the cument s the goal state, I it i, then
terminate the search and retumn the solution

path

4. Otherwise, expand the current of its successors,
and add them into the list using a queuing
function

5. Repeatfrom (2)to (4)

6. Ifthe current becomes empty, then thereis no
solution and retum ‘fail




def Br=({self, goal, start=None):
if start != MNone:
1st [[start]]
else:

1st = [["root"1] BASIC SEARCH I. Initialize an empty list and put the initial state in

wisited = [] |t
while 1st:

r busic search 2. Take the first state in the list as the current if it is
current_path = lst.pop{@) # FIFO

curremt_node - current_path] - ﬂDT‘JISItEd EI D'[thWISE Sklp It, aﬂd [EMmaoye |t

if current_node in wisited: [fOI'ﬂ thE ||5t
continue

visited.sppend (current_node) 3. Check if the current is the goal state, if it is, then
if current_node -- goal: terminate the search and return the solution

return current_path, wvisited

else: pﬂth
# Sort oll elements glphaobetically to get o wunified onswer !
# Sorting in ascending order to follow "FIFO" principle [

IF0" principle | 4. Otherwise, expand the current of its successors,

ad.j.aci-!r-rt:m:-ldes = self.._.g;'.;;}h.[cu.rr'ent_nude] ) i ) i
adjacent_nodes. sor<() and add them into the list using a queuing
function

5. Repeatfrom (2)to (4)

6. Ifthe current becomes empty, then thereis no

for node, _ in adjacent_nodes:
new_path = current_path.copy()}
new_path.append({node)
1st.append{new_path}

node in adjacent_nodes: .

new_path = current_path.copy()}

new_path.append{node) SOlUtan aﬂd fEtum llll:all.

1st.append{new_path}

raise Exception{“Search Failed !")}




LIFO Cument
Cumrent S TOP

: [ print{my_graph.DF5{'G", start="5"}))
print{my_graph.BF5('G", start="5"))

{[F51J 1DFj lﬁ1]J [ler rnlJ 1Er]}
{[F51J 1DFj lﬁ1]J [ler rﬁlJ 1ErJ Fn1J 1:!j lﬁr]]

[541.[58], 506

Actual Cost: 10
Sol. Steps: 3

Actual Cost: 10

Sol. Steps: 6
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