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function best_first_search;

begin
open = [Start]; % initialize
closed =[]
while open =[] do % states remain
begin
remaove the leftmost state from open, call it X;
if X = goal then return the path from Start to X
else begin
generate children of X;
for each child of X do

case
the child is not on open or closed:
begin
assign the child a heuristic value;
add the child to open

end:;
the child is already on open:
it the child was reached by a shorter path
then give the state on open the shorter path
the child is already on closed:
it the child was reached by a shorter path then
begin
remove the state from closed;
add the child to open
end;
end;
put X on closed;
re-order states on open by heuristic merit (best leftmost)
end:
return FAIL % open is empty
end.







evaluate A5; open = [B4,C4,D6]; closed = [A5]
evaluate B4; open = [C4,E5,F5,D6]; closed = [B4,A5]
evaluate C4; open = [H3,G4,E5,F5,D6]; closed = [C4,B4,A5]

evaluate H3; open = [02,P3,G4,E5,F5,D6]; closed = [H3,C4,B4,A5]
evaluate 02; open = [P3,G4,E5,F5,D6]; closed = [02,H3,C4,B4,A5]

evaluate P3; the solution is found!
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States on open







Tiles out of 2 ¥ the number

place distances out of direct tile
of place reversals




Values of f(n) for each state,

where:

f(n)

= g(n) + h(n),
g(n) = actual distance from n

to the start state, and
h(n) = number of tiles out of place.
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DEFINITION

ALGORITHM A, ADMISSIBILITY, ALGORITHM A*
Consider the evaluation function f(n) = g(n) + h(n), where

n i1s any state encountered in the search.
g(n) is the cost of n from the start state.
h(n) is the heuristic estimate of the cost of going from n to a goal.

[f this evaluation function is used with the best first search algorithm of Section
4.1, the result is called algorithm A.

A search algorithm 1s admissible if, for any graph, it always terminates in the optimal
solution path whenever a path from the start to a goal state exists.

[t algorithm A is used with an evaluation function in which h(n) is less than or equal
to the cost of the minimal path from n to the goal, the resulting search algorithm 1s
called algorithm A* (pronounced “A STAR™).

[t 1s now possible to state a property of A* algorithms:
All A* algorithms are admissible.




DEFINITION
MONOTONICITY

A heuristic function h 18 monotone 1f

1. For all states n; and n, where n; is a descendant of n,

h(n;) — h(n)) = cost(n;.n),

where cost(n;,n) is the actual cost (in number of moves) of going from state
n; to n;.

The heuristic evaluation of the goal state is zero, or h(Goal) = 0.




DEFINITION
INFORMEDNESS

For two A* heuristics h, and h,, if h,(n) < hy(n), for all states n in the search space,
heuristic h, is said to be more informed than h,.
















X has 6 possible win paths:

O has 5 possible wins:
E[n_‘_l:E—5= 1

X has 4 possible win paths;
O has & possible wins

E{n}=4—6=—2

X has 5 possible win paths;
O has 4 possible wins

E{n}=5—4=1

Heuristic is E(n) = M(n) — O(n)
where M(n) is the total of My possible winning lines
O(n) is total of Opponent’s possible winning lines
E(n) is the total Evaluation for state n
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Ahas P =3 (A will be no larger than 3)
Bis P pruned, since 5= 3

C has o« = 3 (C will be no smaller than 3)
Dis o pruned, since 0 <3

Eis o pruned, since2 <3

Cis3
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Total cost of the

4,_._--—"'“ problem solving

Control
strategy cost

Rule
application cost

"Informedness” Complete
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