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G U I D E L I N E S

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

Each PowerPoint 
Presentation will be available 
as PDF file on Google Drive 
Folder of the Course



R E M E M B E R  !



S TAT E  S E A R C H  S PAC E



S TAT E  S E A R C H  
S PAC E

state search space is the 

collection of all possible states a 

system can be in while searching 

for a solution to a given problem.



K E Y  A S P E C T S  O F  
“S TAT E  S E A R C H  

S PAC E ”

States
Initial 
State

Goal 
State

Operators

Space 
Graph

Search 
Path

Optimal 
Solution

Strategy



( 1 )  S PAC E  G R A P H

• A representation of all possible states and transitions between them.

Graph 
Theory

Directed 
Graph

Rooted 
Graph

Child

Parent

Tree

Labeled 
Graph



( 1 )  S E A R C H  G R A P H

What is “Graph” ?
• A graph is 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 
Graph

Undirected 
Graph

Weighted 
Graph

Unweighted 
Graph

Cyclic Graph

Acyclic Graph
Connected 

Graph
Disconnected 

Graph



( 2 )  S TAT E S

• Each unique configuration of the system is called a state.



( 3 )  I N I T I A L  S TAT E

• The starting point in the search process.



( 4 )  O P E R AT O R S  ( S TAT E  T R A N S I T I O N S )

• Actions that move from one state to another.



( 5 )  G OA L  S TAT E

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



( 6 )  S E A R C H  PAT H

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



( 7 )  S E A R C H  S T R AT E GY

Depth First Search

Breadth First Search

A* Search

Uniform cost search

Greedy search

Bidirectional search

Iterative deepening search



( 8 )  O P T I M A L  S O L U T I O N  PAT H

• The best sequence of actions that leads to the goal state efficiently.

How to measure the performance “Optimality” ?
1- Reaching the goal

2- How “expensive” that path to the goal is

Fastest 
Path

Lowest 
Cost

Shortest 
Path



( 9 )  A D D I T I O N A L :  PAT H  C O S T

• Path Cost refers to the total weight or cost of a path between two nodes in a graph.
• For the solution path, the total cost is the sum of edge weights along a specific path.



G R A P H  R E P R E S E N TAT I O N S



U N D I R E C T E D  G R A P H

Adjacency List

Adjacency Matrix



D I R E C T E D  G R A P H



T R E E S



T R E E S Special Type of graphs !



T R E E  T R AV E R S I N G

• 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.

Pre-order

Root-L-R

In-order

L-Root-R

Post-order

L-R-Root



T R E E  T R AV E R S I N G

• 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.

Pre-order

Root-L-R

In-order

L-Root-R

Post-order

L-R-Root



H OW  T O  S E A R C H  ?
( S E A R C H  S T R AT E GY )



U N I F O R M E D  S E A R C H

• Uniformed Search (Blind Search): a type of search algorithm used in artificial intelligence to 
explore a problem space without any additional information about the state to reach it.

Uniformed Search 
Strategy

Directed/Undirected

Depth-First Search Breadth-First Search

Weighted Graph

Uniform Cost Search



B A S I C  S E A R C H 1.

2.

3.

4.

5.

6.



Don’t Worry !
The only difference between

all strategies is the
queuing function



D E P T H - F I R S T  S E A R C H ا )  ول أ ق  م ع ل (ا

LIFO Function
LIFO (Last In, First Out) is a data access principle where the 

last element added is the first one to be removed.



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

List

Direction of insert/remove

Remember:
Only Pre-order traverse for trees !



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

1

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

3,2

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

3

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

3,5,4

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

3,5

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

3,5,8

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

3,5

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

3

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

3,10,9

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

3,10

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

3

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

7,6

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

7

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

12,11

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 11

12

List

Direction of insert/remove



D E P T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

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



D E P T H - F I R S T  S E A R C H  ( G R A P H )

In graphs, Sort alphabetically each expansion only for unified 
answer for all students !

Start

A

B D

C

G

2

5

3

4

1

4 2

5

Current
LIFO

- - - > TOP

[S]

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

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

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



B R E A D T H - F I R S T  S E A R C H ا )  ول أ ض  ر ع ل ا ب ع  ا س ت ل (ا

FIFO Function
FIFO (First In, First Out) is a data access principle where the 

first element added is the first one to be removed.



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

List

Remember:
Only Pre-order traverse for trees !

Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

1

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

3,2

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

3

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

5,4,3

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

5,4

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

7,6,5,4

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

7,6,5

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

8,7,6,5

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

8,7,6

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

10,9,8,7,6

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

10,9,8,7

List
Insert Remove



B R E A D T H - F I R S T  S E A R C H

1

2 3

4 5 6 7

8 9 10 11 12

Goal: 6

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



B R E A D T H - F I R S T  S E A R C H  ( G R A P H )

Current
FIFO

FRONT < - - - - - - > REAR

[S]

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

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

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

[S,D] [S,A,C], [S,B,D], [S,D,G]

[S,A,C] [S,B,D], [S,D,G], [S,A,C,D], [S,A,C,G]

[S,D,G]

In graphs, Sort alphabetically each expansion only for unified 
answer for all students !

Start

A

B D

C

G

2

5

3

4

1

4 2

5



D F S  V S .  B F S

Current
LIFO

- - - > TOP

[S]

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

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

[S, D, G]

Current
FIFO

FRONT < - - - - - - > REAR

[S]

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

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

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

[S,D] [S,A,C], [S,B,D], [S,D,G]

[S,A,C] [S,B,D], [S,D,G], [S,A,C,D], [S,A,C,G]

[S,D,G]

DFS BFS

Actual Cost: 10
Sol. Steps: 3

Actual Cost: 10
Sol. Steps: 6



I M P L E M E N TAT I O N



G R A P H  C L A S S  ( A D J AC E N C Y  L I S T  R E P. )



G R A P H  C L A S S  ( A D D  V E R T I C E S  M E T H O D )



G R A P H  C L A S S  ( A D D  E D G E S  M E T H O D )



G R A P H  C L A S S  ( G E T  G R A P H  M E T H O D )



F O R M U L AT E  T H E  P R O B L E M

Sta
rt

A

B D

C

G

2

5

3

4

1

4 2

5



G R A P H  C L A S S  ( D F S  M E T H O D )



G R A P H  C L A S S  ( B F S  M E T H O D )



T E S T I N G



N E X T  L A B :  
S E A R C H I N G  

P R O B L E M S  ( 2 )
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