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III. Bi-directional searches

http://aima.cs.berkeley.edu/
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Returns the first solution it finds, even if it is not the cheapest.
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Inefficiency of DFS

 May expand the same state many times via different paths, 

and even systematically the entire space. 

 May get stuck in an infinite loop in a cyclic state space. 

𝑠0

𝑠𝑖

𝑠𝑔
Goal

⋮

𝑠0

𝑠1

𝑠𝑛

⋮ 𝑠𝑔

Check each node for cycles.

⋯
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Why Consider DFS?

 Small memory for problems admitting tree-like search. 

No need for a table of reached nodes.

Small frontier. 

 Search time 𝑂(#nodes). 

 Memory consumption 𝑂 𝑏𝑚 . 

branching factor

(# successors)

maximum depth

 Workhorse of constraint satisfaction, logic programming, etc. 
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Depth-Limited Seach

Not expanded

depth 𝑙

• To avoid exploring an infinite path, add  a 

depth limit 𝑙. 
depth 0

• All nodes at depth 𝑙 are considered dead ends 

even if they have successors. 

Time: 𝑂(𝑏𝑙)

Memory: 𝑂(𝑏𝑙)

 Performance sensitive to the choice for 𝑙.

What strategy to address this?



II. Iterative Deepening Search

Pick a good value for 𝑙 by trying all values: 0, 1, 2, and so on.

DEPTH-LIMITED-SEARCH returns 

• a goal state if it’s found

• failure if it has exhausted all nodes and is certain no 

solution exists at any nodes.  

• cutoff if no solution has been found for the current search 

limit 𝑙 (but there might be a solution at some depth > 𝑙. 

 Combines the benefits of DFS and BFS:

 Completeness and optimality of BFS: 
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 Modest memory requirement like DFS.  
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Backward Reasoning

* Figure 3.20 in the 3rd edition

• Easy if all the actions are reversible.

8-puzzle

Finding a route in Romania

• Difficult to conduct if the goal is abstractly specified.

8-queen



Bidirectional Best-First Search

Two versions of the problem

// Expand node on frontier; check if any child node has a state 

// already reached in the other frontier.



Comparing Uninformed Search Strategies

𝑑: minimum depth of a solution

𝑚: maximum search tree depth

𝑏: branching factor

𝑙: depth limit

𝐶∗: optimal solution cost

𝜖: minimum action cost

1. if 𝑏 is finite, and the state space 

either has a solution or is finite. 

2. if all costs are ≥ 𝜀 > 0. 

3. if all costs identical.

4. if both directions are breadth-first

or uniform-cost. 



IV. Informed (Heuristic) Search

Use of domain-specific hints about the location of a goal can find a 

solution more efficiently.  

Heuristic function: 

ℎ 𝑛 = estimated cost of the cheapest path from 

the state at node 𝑛 to a goal state



IV. Informed (Heuristic) Search

Use of domain-specific hints about the location of a goal can find a 

solution more efficiently.  

Heuristic function: 

ℎ 𝑛 = estimated cost of the cheapest path from 

the state at node 𝑛 to a goal state

e.g., straight-line distance ℎ𝑆𝐿𝐷 on the map between two sites



IV. Informed (Heuristic) Search

Use of domain-specific hints about the location of a goal can find a 

solution more efficiently.  

Heuristic function: 

ℎ 𝑛 = estimated cost of the cheapest path from 

the state at node 𝑛 to a goal state

e.g., straight-line distance ℎ𝑆𝐿𝐷 on the map between two sites



IV. Informed (Heuristic) Search

Use of domain-specific hints about the location of a goal can find a 

solution more efficiently.  

Heuristic function: 

ℎ 𝑛 = estimated cost of the cheapest path from 

the state at node 𝑛 to a goal state

e.g., straight-line distance ℎ𝑆𝐿𝐷 on the map between two sites

Straight-line distance to Bucharest



Greedy Best-First Search

Evaluation function 𝑓(𝑛) = ℎ(𝑛)

𝑓 𝑛 = ℎ𝑆𝐿𝐷(𝑛)

Good correlations with road distances
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Greedy Search for Bucharest

Closer to Bucharest

than is Zerind or Timisoara



Search for Bucharest (cont’d)
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Search for Bucharest (cont’d)



Greedy ≠ Optimal

Greedy solution:  Arad – Sibiu – Fagaras – Bucharest (450) 

Optimal solution:  Arad – Sibiu – Rimnicu Vilcea – Pitesti – Bucharest  (418) 

This greedy strategy does not account for the cost to get to the current state. 



V. A* Search 

P. E. Hart, N. J. Nilsson, and B. Raphael (1968)

𝑓 𝑛 = 𝑔 𝑛 + ℎ(𝑛)

initial

state 

𝑛

goal

state

estimated cost 

from 𝑛 to goal
actual cost 

from start to 𝑛

𝑓(𝑛): estimated cost of the best path that continues from 𝑛 to a goal. 
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