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The a-f Heuristic

by D. J., Bdwards and T. P. Haxt

The a-f heuristic is a method for piuning unneeded branches from
the move tree of a game. The algorithm makes use of information gained
about part ﬁf the tree to reject those tranches which will not affect
the principle variation.

The reasoning behind the ci-p heuristic is as follows:

g) 1f the meximizing-player finds a move whose value is greacer
than or equal to the velue of an alternste nindmizing-player move found
higher in the tree, he should not look furither because the min-player
would certainly take that alternate move.

b) if the min-player finds a move whose value is less than
or equal to the value of an alternate mzx-player move found higher in
the tree, he should not look further because the max~-player would certainly

take that altexnate move.
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case (b) may be illustrated by the above plece of tree. The max~

player has investigated the branch with value a and has looked at an alter-

nate move from the poinmt at which this bramch was found. At the time the



value v {r established the maximizing player {whose point of view we ara
taking) sees that if he takes the right braoch from the top node he is
giving the othey playcr the opportunity to take the v brancl.., But this
will result in his getting v or less, and since he can get o by taking
the left branch, he instantly decides that he won't mwake the move to the
right under any elrcumstance.

The following definiticns erpress the q-p heurlstic:

vmax/pos ;8] = [if finall[pos;c;p] then evaluate[pos]
olse vimax|suce|pos];ci;pll

vimax|lis;o;p]l = [1f null[lis] then a
else 1f vain[car[lis};a;Bl » B then p
else vlimax[cdr|lis];
nax|vmin[caz[lia] 0;p |l ;
pll

vinin|pos;c Bl = [if final[pos.a;f) then evaluate[pos)
elee vimin[suce|pos]ic;pll

vlmin|lisio;B) = [1f rmall[lis] then f
else if vmar[eczr|lis);aip) € @ then a
else vimin[ode|lis];
3
minlvmex[car[1ts) xx;p1;p111

vhera:

pos stande for scne representation of the current position.

lig 1s a list of positicn representaticms,

sucelpos] is a functicn which produces a list of positions which can be
reached in one mcve from pos.

E.’:EE!.[P"“;O”N ie a predicate which may decice that the search is not

to continue, e.g., when the end of the game has been reached.

qgg_'_i_}f_l;q!posl provides some m2asure of gooduness of the position (elways



fron the point of view of maxiwmizling pleyer).

a and § are initially set at =09 gnd -~Q0 respectively

This heuristic may readily be compared with a minimix seairch by
observing that if the second clguses In the conditicnal expressior for
glpax and viwip zre eliminated the xesulting functiom is just minimax.

It is importent to note that the crdervivg of the list of moves geners
ated by suee is very fmportant. The mcst galn is @cbieved fron the heur-
istic when the right move is at the begioning of the list.

it turns out that at best, that Is, in the case of perfect ordering
the =B heuristic can cut a tree's exrouential growth race in half, thus
allowing almost twice ihe search depth for the same effort. More pre-

cisely, we have the following theorem,

Theovem (Levin): Let n be the number of plies in a tree, and let b ba
the number of branches at evexry branch poirt. Then the number of terminal
peints on the tree is
T ="
However, 1f the best possible advantage is taken of the a-p heuristic

then the number of terminal points that aeed be excmined is

sl n-l
2 2
T =h b w 1 for vdd n
a
2
T=2 =1 for even n
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This axampla shows an ordered teranary tres where only the labelled

terminal nodes need ba examined. According to the formula for n even
vhere b = } and n = 4 only 17 out of tha 8L pousible nodes need be examined
and this is shown to be true in this case. Note that the unlabelled acdas

ray bave aasy possible wvalue and the resvlt will still be unchanged,
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