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Research plays a key role in AI. These algorithms provide
the conceptual basis for almost all approaches to the
systematic exploration of state spaces.

How



● State: description of the world relative to the problem 
considered
● State space (or search space): set of all possible states
● Action: operation allowing you to change state
● Path: sequence of states linked by actions
● Exploration: calculation process which consists of 
determining a sequence of actions allowing a solution to be 
reached
● Strategy: choice of the next action to take in the 
exploration process

Terminology



● Explore the search space: determine a sequence of actions 
that achieves the goal

The search



A graph is a set of nodes that are linked together by
edges. Mathematically, a graph is represented by a
pair of two sets G = (X;U) where X is the set of nodes
and U is the set of arcs.

Graphs



A tree is a connected graph without a cycle. It therefore
has n - 1 arcs. We can therefore say that a tree is a graph
that connects all the nodes together with a minimum of
edges.

Trees
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Breadth-First Search (BFS)

● Development of all nodes at level n before those at
level n+1
● The fringe implemented by a FIFO (first-in-first-out)
queue





The fringe (FIFO)
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The fringe (FIFO)
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La recherche en Largeur d’abord

S-> D -> E -> P -> B -> C -> E ….



If the solution is at level SSo
the search takes
O(bs) unit of time
O(bs) is the max fringe size

Complete?

If there is a solution then S must 
be finite, the BSF algorithm will 
surely find it.

Optimal?

Only if all arcs have the same cost.
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Depth-First Search

● Expansion of the deepest node of the search tree
boundary
● The fringe implemented by a stack (or queue)LIFO
(last-in-first-out)
● Alternative: recursive function
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Complete?

The existence of cycles poses a 
problem.

Optimal?

No, we will find the most awkward solution.

depends on the criterion of 
completeness, because if the DFS is 
not complete, the calculation time 
will be infinite, SINO the complexity 
equal to O(bm)

time complexity for DFS

Space complexity for DFS O(b.m).





• Expand the node with the lowest cost g(n).
• g(n) = is the sum of costs from the root to node n
• The fringe implemented by File is sorted by cost.  
• Equivalent to breadth-first if the cost of actions is 

always the same.

Uniform Cost Search

4 2
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Complete?

If there exists a solution with finite 
cost and all edge costs are > 0, the 
UCS algorithm is complete.

Optimal?

Yes, you can consult the proof in the 
literatures.



Problème : Atteindre le rectangle rouge 
à partir du vert?



Simple search algorithms do not use any information about
the structure of the search tree.
Most real problems are likely to cause a combinatorial
explosion in the number of possible states.

A heuristic search algorithm uses available information to
make the search process more efficient.

Solution



InformedSearch



•Heuristic information is a rule or method that improves
the decision-making process!

The heuristic function

Improve, but How??!!

Function which estimates the position of the current state
relative to the objective state (Goal).
In other words, tells us how close or far we are to the goal.

Heuristic search



Mathematically:
A heuristic function h: E→ℜ (E, state space, the set of real
numbers)
corresponds to a state S ∈ E a number h(s)∈ℜ which is
(generally) an estimate of the cost/benefit ratio of extending
the current path passing through s.

h(s) ≥ 0, for any state s
h(s) = 0, implies that s is a goal state
h(s) = ∞, implies that s is a state not allowing a goal to 
be achieved

Notation







Heuristic Search(Gready Search) 
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L’algorithmes A*
Combination of uniform cost search and heuristics (UCS 
+ Gready search)









Do we stop searching if we find (stack) a Goal?



.g .h

S      0          3       3

S→A 2         2        4

S→B 2         1        3

S→B→G 5         0        5

S→A→G 4        0        4

Do we stop searching if we find (stack) a Goal?



Stop: if and only if you unstack a Goal and don't when you 
stack it.

Do we stop searching if we find (stack) a Goal?



Attention !!!



Attention !!!

.g .h

S      0          7       7



Attention !!!

.g .h

S      0          7       7

S→A 1         6        7

S→G 5         0        5



Attention !!!

.g .h

S      0          7       7

S→A 1         6        7

S→G 5         0        5



Attention !!!

The search ends badly because of the heuristic



The heuristic function h(n) is admissible 
if h(n) is never larger than h*(n)

or if h(n) is always less or equal to the true 
value.

h(n) ≤ h*(n) ∴ Underestimation
h(n) ≥ h*(n) ∴ Overestimation

Admissibility of A* Algorithm



Attention !!!

3

4

.g .h

S      0          4       4

S→A 1         3        4

S→G 5         0        5

S->A→G 4       0        4



In BFS it is useful to visit the node only once, to improve the 
search.
Use a set to mark visited nodes.
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Admissibility of the heuristic search

H(A) <= the real cost of A to G

Consistency

The heuristic cost <= the real cost
For each arc

h= 2
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