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The problem of solving a mate-in-two chess problem might be described as searching a move tree
with the depth limit of four or five, depending on the algorithm used. Here we describe methods to
increase the probability that the order of investigation of the moves will in some way approach
the best order. The gain in the computing time due to these ordering methods was substantial (at

least a factor of two).
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The problem of solving a mate-in-two chess problem might be
described as searching a move tree with the depth limit of four
~or five, depending on the algorithm used (Bell, 1970; Manning,
. 1971). The total size of the tree is approximately b, where b
is the branching factor (almost constant at each move) and
L is the depth of branches. Nevertheless, as for any AND/OR
tree, itis not necessary to traverse the whole tree; some branches
can be pruned without hazard. Namely, it is enough to find one
white (black) continuation which does (not) end forcingly in
mate to refute the black (white) move. Thus, all the other white
{(black) responses need ,not be investigated. Such a pruning
should -not, however, be done at random. To achieve the
maximum saving in computation one must investigate the
- moves in the best order. That means selecting at each time that
move which (most probably) would refute the opponent’s
‘ n'}ove (Nilsson, 1971). It is estimated that with an optimal order,
the branching factor can be reduced nearly to the square root
of its original value (Samuel, 1967).
‘Here we describe methods to increase the probability that
the order of investigation of the moves will in some way
approach the best order.
-~ The selection rules are based on the information:

. 1. contained in the initial description
* 2. available as the search proceeds.

‘We shall examine them separately.

1. ‘For any position a list of moves is generated according to
both an ordering of the chessmen and to a prescribed order of
moves for each piece (i.e. clockwise with the beginning in
West-North-West square for a Knight). Initially the chessmen
are listed (as an input) according to their position on a chess-
‘board (i.e. at random) or in prescribed order corresponding to
the decreasing power of pieces, with the white King listed last
and the black King listed first. Note that the latter enables an
<arly escape of the black King.

2. Our search strategy uses the information discovered at one
‘move to improve the evaluations at other moves.

The order of the chessmen may be changed during the com-
putation in accordance with the information received from the
search. The black piece which refutes the current opening move,
being the currently best piece, is then moved to the beginning
of the list of blackmen. Other pieces are shifted correspondingly
{(Appendix 1). 5

Each piece (excluding pawns) can make about six moves on the
average (up to 27 moves for the Queen on an empty chess-
board). This indicates that the move, rather than the piece,
‘which refutes the opponent’s move, should be placed at the
beginning of the list. But the order of moves for a piece is
strictly prescribed. Consequently this best move is added (with
the elimination of repetitions) to the beginning of the list of
moves (Appendix 2). Then the program checks whether this
move is present on the current list of moves; if so, this double

move is removed from the list (Appendix 3): This procedure is
applied only to the black first move.

An example

Most modern two-movers consist of 19 pieces, white and black
together (Petrovi¢, 1968). This gives an average of about 80
legal (according to Bell’s definition) moves in the initial position
or in other words a branching factor of order 40. The following
example taken from Petrovit (1968) consists of 8 + 11 = 19

. pieces with 42 + 31 = 73 legal moves.

The initial order of chessmen is as in Fig. 1, the only exception
being that the white King is at the end of the list of whitemen.
The 15 Queen opening moves are refuted by only two black
moves (Kf5 and Kd3) which, one after the other, are placed by
the program at the beginning of the current list of moves. The
next opening move 1. Ra7 is refuted by 1...RdS. And this
move succeeds against the next 13 opening moves but fails
against 1. Ktd4 which is refuted by 1 ... Rg3. This new best
move succeeds against all the other opening moves except the
key move 1 . Ktb5 which leads to a mate (as we want to check
the uniqueness of the solution all white’s opening moves must

“be tried). Here the branching factor for the first black move is

reduced from about eight for the random search to about three.
This considerably reduces the size of the search tree and corres-
pondingly the time of a run.

Several test runs were made on an IBM 360/75 computer.
The gain in the computing time due to the described ordering
method was substantial (at least of factor of two).
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Fig. 1 White: Kal, Qh3, Rb7, Ba8, Bcl, Ktc2, Ktc7, pf4 (8 pieces)
Black: Ked, Rg5, Rg6, Ba2, Bh8, Kte8, Ktg7, pc4, €6, g2, .
h5 (11 pieces).
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Algorithm ‘

Our method was tested with the help of Algonthm 50 in The
Computer Journal (Bell, 1970) and we describe here only the
additions to it.

Appendix 1
Added just before the line ‘goto wlcontinue;’

for i := Jocate[ 2] step 1 until blackpiece[0] do
blackpiece[i] : = blackpiece[i + 1];
blackpiece[blackpiece[0]] : = backto[2];

Appendix 2
(excludes the usage of Appendix 1)
Declarations at the beginning of program :
integer blhelp, blopt;
integer array b1first[0:49];
In the procedure makemove, after the line starting with ‘a6’
is added:
if depth = 1 then

begin

for j := 0 step 5 until blopt — 1 do

for i := 0 step 1 until 4 do

moves[i + blhelp + jJ := blfirst[i + blopt — 5 — j];
to := blhelp;

numberofimoves[1] := blhelp + blopt;

end else to := numberofmoves[depth];

‘to .=’ is removed from the line next to the one starting with
‘ep3’.

Near the end of a program, _]ust before the lme

‘goto wlcontinue;’ is added:

for i := 1 step 5 until blopt do
if g[2] = blfirst[i] and moves[bl + 1] = blfirst[i + 2] then
begin

if i + 4 = blopt then goto by;
forj:= i~ 1 step 1 until blopt — 6
do blfirst[j] := blfirst[j + 5];
blopt := blopt — 5; goto out;
end; :
out:
blfirst[blopt] := locate[2];
blfirst[blopt + 1] := q[2];
blfirst[blopt + 2] := backto[2];
“blfirst[blopt + 3] := moves[bl + 1];
bifirst[blopt + 4] := —backto[2];
blopt := blopt + 5;
by:
In the lines:
for wl := 3 step 1 wntil numberofmoves[1] do

References k

for b1 := numberofmoves[1] + 2 step 1 nnﬁl
numberofimoves[2] do
‘numberofimoves[1]’ is replaced by ‘blhelp’.

Appendix 3

In procedure Makemove is added, just after the line ‘start:’

if moves[pointer + 1] = O then

begin from : = moves[pointer]; pointer := pointer + 1
goto next end;

if depth = 2andpomter < numberofmoves([1]
andmoves[pointer + 2] < 0 then

begin

for i := numberofmoves[2] — 1 step —1
wntil numberofmoves[1] + 4 do

begin

if moves[i] = 0 then goto nexti;

if moves[i] = moves[pointer + 2] then

begin ,
fork:=1i— 1,k — 1 while moves [k] > 0 do
if moves[k] = moves[pointer + 1] then
begin moves[k] := 0; goto fin end;
goto om;

end;

nexti: end;

om: pointer := pointer + 5;

locate[2] := moves[pointer — 2];

q[2] := moves[pointer — 17;
backto[2] := moves[pointer];

goto start,

fin: end check of list;

‘next?’ is added just before the line

‘to := moves[pointer + 13;

Appendix 4
A minor improvement based on the fact that the Queen cannc

_ be a masking piece in a battery.

Added after the line ‘n :=
ifg[3] = 5 then
begin

numberofmoves[4];’:

integer array acc[0:1];

acc[0] := 1; acc[1] := whitepiece[locate[3]];
listmoves(acc, whitemen, blackmen, n, notstalemate);
end else

Appendix 5

The line after the declaration of procedure Reversemove:
c[1] :=0;

is replaced by:

for i := 1 step 1 until 5do c[i] :=0;
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Erratum

There is an error in the paper ‘An Information Measure for

Hierarchic Classification’ by D. M. Boulton and C. S. Wallace (thxs
Journal, Vol. 16, No. 3, pp. 254-261). The error is on page 261, in
the second paragraph after Figure 1. The second sentence “The two
classes (4, 6) and (1, 2, 3, 5, 7)—" should read ‘The two classes (2, 7)
and (1, 3, 4, 5, 6}—".
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