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Use a Data Structure Visited as well as the usual Q

1. Initialize Q with start node S. Visited = {S}
2. If Q is empty, fail. Else pick a node N from Q //start of loop
3. If state(N) is Goal then exit loop with solution
4. Otherwise find all successors of state(N) not in Visited and 

add to Q and update the paths

Pros: Avoids repeated expansion of subtrees
No infinite paths because of loops

Cons: But does not give optimal solution. Example below:



Graph Search Schema

Maintain a new Data Structure Closed in addition to Q. 
Closed is also referred to as Expanded

For optimal solution we should  only keep least cost paths in Q.

Optimization – Only insert into fringe only those successors not in closed list



Implications of Graph Search

Uniform cost search











A* Search: Example



Issues in choosing h(n) values

Running A* on the example will not give optimal solution!



Admissible Heuristic



Are these admissible?



Admissible Heuristics:
Straight-Line Estimate

We can use the straight-line distance (shown in red) as an underestimate of the actual
driving distance between any city and the goal. The best possible distance between the
cities cannot be better than the straight-line distance. But it can be worse.



Admissible Heuristics



Admissible Heuristics





Show Proof of Optimality of A* 
with Admissible Heuristic



A* Search – Graph Structure



Implications on A* Graph 
Search

Why: Because f(n) does not monotonically increase on a path



A* - Graph Search

Uniform cost search



Consistency Condition



Consistent Heuristic



Not Consistent
Consistent



Nodes expanded in the order of increasing f values

•
So

f1f2
f1 values < f2  values



A* Graph Search with Consistent Heuristic
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B should be added to rows 3,4,5
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Comparing Heuristics

• h1(n)   and  h2(n) are 2 heuristics

Implications of better or more informed heuristic
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