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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  !



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

• Informed Search (Heuristic Search): a type of search strategy in artificial intelligence that uses 
additional knowledge (heuristics) about the state to make better decisions about which path 
to follow toward the goal.

Informed Search 
Strategy

Directed/Undirected

Best-First Search Greedy Search

Weighted Graph

A* (A-Star) Algorithm



W H AT  I S  “ H E U R I S T I C ”  ?

How close are we currently to the goal ?
Heuristic values are such an indicators (hints) that ESTIMATES how close 
a given state to the goal in a search problem

It is used in Informed search algorithms to help decide which path to 
explore next

Remember !
Just an estimation, but not 

the actual !

Could be something similar ☺



R E A L - L I F E  A N A L O GY  ( 1 )

You are using Google maps too much !

❖ The estimated time arrival is like heuristic

❖ It’s based on distance, traffic, etc. but it’s not 
always 100% accurate !



R E A L - L I F E  A N A L O GY  ( 2 )

Robots planning too !

❖ In Robot path planning, the heuristics can be 
the Euclidean distance in route-finding 
problems

❖ We can estimate the distance from the current 
state to a goal by computing the straight-line 
distance on the map.



R E A L - L I F E  A N A L O GY  ( 3 )

The most common 8-Puzzle problem

In 8-puzzle problem, the heuristic could be the number of misplaced tiles
In the example below, assume that you can’t see the goal state, I’ll give you a hint that the 

number of misplaced tiles = 5, as this considered as a hint, so it is a heuristic



R E A L - L I F E  A N A L O GY  ( 4 )

Soda matching challenge on TikTok

❖ The most popular challenge on TikTok is the Soda 
matching challenge

❖ The judge is telling the competitors how many soda 
are matching to the pattern, this can be considered 
as heuristic



H E U R I S T I C  P R O P E R T I E S

Admissibility

Consistency (Monotonic)

❑ The heuristics never OVERESTIMATES the actual true cost !
❑ Yes, the heuristic values could be a trap ! Not always accurate and cannot be a prior.

➢ Given Heuristic value <= Actual cost

❑ The estimated cost from node A to node B plus B to a goal is at least as much as A to goal
❑ It guarantees that the estimated cost + actual cost never decreases along a path

➢ Given Heuristic value <= Cost from A to B + Heuristic of B

We will investigate the heuristic 
properties using A* algorithm



W H AT  I S  T H E  N O TAT I O N  ?

We will refer to the actual path cost as g(n)

As we will refer to the heuristic function (estimated 
value) as h(n)



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

2.

3.

4.

5.

6.



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

FIFO + Priority Function
Priority function is a data access principle that gives a priority for each 
element using FIFO, which the highest priority removed first. In Best-
First Search, the priority for the lowest heuristic cost h(n) (Sort), and 

the cost of each path is not accumulative
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Solution: [1, 3, 6] – Visited: [1, 2, 5, 3, 6]

Actual solution cost = 8



B E S T- F I R S T  S E A R C H  ( G R A P H )
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In graphs, if two elements got the same cost, then sort 
alphabetically only for unified answer for all students !
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G R E E DY  S E A R C H ع)  م (جشع/ط

❖Greedy search is a form of Best-First Search that uses a heuristic to 
always expand the node that seems closest to the goal, based ONLY 
ON THAT ESTIMATE without looking for the others. It is like the running 
toward the goal without looking for anything else.

❖ In Greedy search, it always looking for the 
best/closet to the goal, which it seems 
you are reaching to it, but it may not 
actually be close to the goal at all (Trap). 
Which it is called Local Minima

In other words, Greedy search looking for 
the minimum but not the goal



G R E E DY  S E A R C H ع)  م (جشع/ط

FIFO + Priority Function
Priority function is a data access principle that gives a priority for each 

element using FIFO, which the highest priority removed first. In 
Greedy Search, the priority for the lowest heuristic cost h(n) (Sort), 

and the cost of each path is not accumulative. AND IN EACH 
EXPAND, CLEAR THE QUEUE.
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The queue is cleared !
Run towards the minimum !
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SEARCH FAILED !
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A*  ( A- S TA R )  A L G O R I T H M

❖ A* (pronounced A-Star) is a powerful and popular informed search algorithm 
used to find the shortest or most optimal path from a start node to a goal node. It 
combines the cost to reach a node (Actual) and the estimated cost to reach the 
goal (Heuristic).

❖ In A* algorithm, it combines between Uniform-Cost Search and Best-First Search. 
In other words, it computes f(n) = accumulated g(n) + h(n) for each state

They chose the name “A” as a general label 
for an algorithm (like algorithm A, B, etc.)

The (* star) It’s the BEST OR OPTIMAL 
VERSION among all similar algorithms using 

the same kind of evaluation function



A*  ( A- S TA R )  A L G O R I T H M

FIFO + Priority Function
Priority function is a data access principle that gives a priority for each 
element using FIFO, which the highest priority removed first. In A-Star 
algorithm, the priority for the TOTAL lowest cost f(n)=g(n)+h(n) (Sort), 

and the ACTUAL cost of each path is accumulative.
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f(n) = actual cost + heuristic
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Only actual path costs
are accumulated !
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Solution: [1, 3, 6] – Visited: [1, 3, 6]

Actual solution cost = 8
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Solution: [1, 3, 6]

Admissibility
Each h(n) on the solution path <= actual total cost

h(1) <= g(1 to 6)  →  8 <= 8 – Correct
h(3) <= g(3 to 6)  →  7 <= 6 – Incorrect

The solution is inadmissible, an OVERESTIMATING 
for h(3)

Consistency
Each h(n) on the solution path <= g(n, n+1) + h(n+1)

h(1) <= g(1 to 3) + h(3)  →  8 <= 9 – Correct
h(3) <= g(3 to 6) + h(6)  →  7 <= 6 – Incorrect

The solution is inconsistent, an OVERESTIMATING for 
h(3)

Proving that it is optimal, it 
should be both admissible 

and consistent
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[S (8)] [S, A (8)], [S, D (10)], [S, B (12)]

[S, A (8)] [S, D (10)], [S, A, C (12)], [S, B (12)]

[S, D, (10)] [S, D, G (10)], [S, A, C (12)], [S, B (12)]

[S, D, G (10)]In graphs, if two elements got the same cost, then sort 
alphabetically only for unified answer for all students !

9 5
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A N A LY Z E  T H E  O P T I M A L I T Y  O F  T H E  S O L U T I O N

Start

A

B D

C

G

2

5

3

4

1

4 2

5

8

6

9 5

6

0 Solution: [S, D, G (10)]

Admissibility
Each h(n) on the solution path <= actual total cost

h(S) <= g(S to G)  →  8 <= 10 – Correct
h(D) <= g(D to G)  →  5 <= 5 – Correct

The solution is admissible

Consistency
Each h(n) on the solution path <= g(n, n+1) + h(n+1)

h(S) <= g(S to D) + h(D)  →  8 <= 10 – Correct
h(D) <= g(D to G) + h(G)  →  5 <= 5 – Correct

The solution is consistent



B E S T- F I R S T  V S .  G R E E DY  V S  A- S TA R

Current
FIFO

FRONT < - - - - - - > REAR

[S (8)]

[S (8)] [S,D (5)], [S,A (6)], [S,B (9)]

[S,D (5)] [S,D, G (0)], [S, A (6)], [S, B (9)]

[S, D, G (0)]

Best-First
Current

FIFO
FRONT < - - - - - - > REAR

[S (8)]

[S (8)] [S,D (5)], [S,A (6)], [S,B (9)]

[S,D (5)] [S, D, G (0)]

[S, D, G (0)]

Greedy
Current

FIFO
FRONT < - - - - - - > REAR

[S (8)]

[S (8)] [S, A (8)], [S, D (10)], [S, B (12)]

[S, A (8)] [S, D (10)], [S, A, C (12)], [S, B (12)]

[S, D, (10)] [S, D, G (10)], [S, A, C (12)], [S, B (12)]

[S, D, G (10)]

A-Star

No. of steps = 3
Actual cost = 10

No. of steps = 3
Actual cost = 10

No. of steps = 4
Actual cost = 10

Guaranteed Optimality



Uniformed Search 
Strategy

Directed/Undirected

Depth-First Search

Depth-Limited 
Search

Iterative deepening

Breadth-First Search

Bidirectional Search

Weighted Graph

Uniform Cost Search

E N D  O F  B A S I C  S T R AT E G I E S

Informed Search 
Strategy

Directed/Undirected

Best-First Search Greedy Search

Weighted Graph

A* (A-Star) Algorithm



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



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



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

Next Slide



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



T E S T I N G



N E X T  L A B :  
A DV E R S A R I A L  

S E A R C H


	Slide 1: Artificial Intelligence Lab 05 – Searching Problems (3)
	Slide 2: GUIDELINES
	Slide 3: Remember !
	Slide 4: informed Search
	Slide 5: WHAT IS “HEURISTIC” ?
	Slide 6: Real-Life Analogy (1)
	Slide 7: Real-Life Analogy (2)
	Slide 8: Real-Life Analogy (3)
	Slide 9: Real-Life Analogy (4)
	Slide 10: HEURISTIC Properties
	Slide 11: What is the notation ?
	Slide 12: Basic Search
	Slide 13: BEST-FIRST Search
	Slide 14: Best-First Search
	Slide 15: Best-First Search
	Slide 16: Best-First Search
	Slide 17: Best-First Search
	Slide 18: Best-First Search
	Slide 19: Best-First Search
	Slide 20: Best-First Search
	Slide 21: Best-First Search
	Slide 22: Best-First Search
	Slide 23: Best-First Search
	Slide 24: Best-First Search
	Slide 25: Best-First Search
	Slide 26: Best-First Search
	Slide 27: Best-First Search
	Slide 28: Best-First Search
	Slide 29: Best-First Search
	Slide 30: Best-First Search
	Slide 31: Best-First Search
	Slide 32: Best-First Search
	Slide 33: Best-First Search
	Slide 34: Best-First Search (Graph)
	Slide 35: Greedy Search (طمع/جشع)
	Slide 36: Greedy Search (طمع/جشع)
	Slide 37: Greedy Search
	Slide 38: Greedy Search
	Slide 39: Greedy Search
	Slide 40: Greedy Search
	Slide 41: Greedy Search
	Slide 42: Greedy Search
	Slide 43: Greedy Search
	Slide 44: Greedy Search
	Slide 45: Greedy Search
	Slide 46: Greedy Search
	Slide 47: Greedy Search
	Slide 48: Greedy Search
	Slide 49: Greedy Search
	Slide 50: Greedy Search
	Slide 51: Greedy Search
	Slide 52: Greedy Search
	Slide 53: Greedy Search (Graph)
	Slide 54: A* (A-Star) Algorithm
	Slide 55: A* (A-Star) Algorithm
	Slide 56: A* (A-Star) Algorithm
	Slide 57: A* (A-Star) Algorithm
	Slide 58: A* (A-Star) Algorithm
	Slide 59: A* (A-Star) Algorithm
	Slide 60: A* (A-Star) Algorithm
	Slide 61: A* (A-Star) Algorithm
	Slide 62: A* (A-Star) Algorithm
	Slide 63: A* (A-Star) Algorithm
	Slide 64: A* (A-Star) Algorithm
	Slide 65: A* (A-Star) Algorithm
	Slide 66: A* (A-Star) Algorithm
	Slide 67: A* (A-Star) Algorithm
	Slide 68: A* (A-Star) Algorithm
	Slide 69: A* (A-Star) Algorithm
	Slide 70: Analyze the optimality of the solution
	Slide 71: A* (A-Star) Algorithm (Graph)
	Slide 72: Analyze the optimality of the solution
	Slide 73: Best-First vs. Greedy VS A-Star
	Slide 74: End Of Basic Strategies
	Slide 75: Implementation
	Slide 76: Graph Class (Adjacency List Rep.)
	Slide 77: Graph Class (add Vertices method)
	Slide 78: Graph Class (add Edges Method)
	Slide 79: Graph Class (Get Graph Method)
	Slide 80: Formulate The Problem
	Slide 81: Graph Class (Best-First Method)
	Slide 82: Graph Class (Greedy Method)
	Slide 83: Graph Class (A-Star Method)
	Slide 84: Graph Class (Check Optimality Method)
	Slide 85: Testing
	Slide 86: Next Lab:  Adversarial Search

