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Problem: Branching Factor
Consider blocks world with 10 blocks

Branching factor is about:

Suppose Goal is only 10 steps away

Dijkstra’s / BFS visits:
An Easier Case
Suppose you live in Manhattan; what do you do?
Best-First Search
The manhattan distance ( x+  y) is an estimate of the distance to the goal
•	a heuristic value
Best-First Search
•	Order nodes in priority to minimize estimated distance to the goal
Compare: Dijkstra
•	Order nodes in priority to minimize distance from the start
Best First in Action
Suppose you live in Manhattan; what do you do?
Problem 1: Led Astray
Led astray – eventually will expand vertex to get back on the right track
Problem 2: Optimality
With Best-First Search, are you guaranteed a shortest path is found when
•	goal is first seen?
•	when goal is removed from heap?
Sub-Optimal Solution
No!  Goal is by definition at distance 0: will be removed from priority queue immediately, even if a shorter path exists!
Synergy?
Dijkstra / Breadth First guaranteed to find optimal solution
Best First often visits far fewer vertices, but may not provide optimal solution

•	Can we get the best of both?
A*
Order vertices in priority queue to minimize
   (distance from start) + (estimated distance to goal)

	f(n)  =   g(n)    +   h(n)

		f(n) = priority of a node
		g(n) = true distance from start
		h(n) = heuristic distance to goal
Optimality
Suppose the estimated distance (h) is  the true distance to the goal
•	heuristic is a lower bound

Then:  when the goal is removed from the priority queue, we are guaranteed to have found a shortest path!

Problem 2 Revisited
Proof of A* Optimality
A* terminates when G is popped from the heap.
Suppose G is popped but the path found isn’t optimal:
•	priority(G) > optimal path length c
Let P be an optimal path from S to G, and let N be the last vertex on that path that has been visited but not yet popped.
•	There must be such an N, otherwise the optimal path would have been found.
•	priority(N) = g(N) + h(N)  c
So N should have popped before G can pop.  Contradiction.
A*
•	Invented 1968 (Nils Nilsson et. al)
•	Still a hot research topic!
•	How to automatically generate a good h() function from a set of operators?
•	2000 planning competition winner
•	Iterative Deepening A*
•	In practice: non-admissible heuristics often most practical


What About Those Blocks?
distance = number of stacks to perform
heuristic lower bound = number of blocks out of place
Other Examples
Simplifying Integrals
•	vertex = formula
•	goal = closed form formula without integrals
•	arcs = mathematical transformations



•	heuristic = number of integrals remaining in formula

Eight Puzzle
(B. slides 23-26)

Russell & Norvig Sec 4.2
What ISN’T A*?

