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_How the monster thinks

The game of chess has long been
regarded as a symbol of man’s
intellectual prowess. Until
recently, the prospect of a chess-
playing computer defeating a
master-strength human opponent
seemed remote. A few months
ago, however, in a much
publicised match an International
Chess Master, David Levy, actually
lost a game to a program from
North America. The story of the
match is recounted by Mr. Levy
himself elsewhere in this issue.
The following article takes a look
at the background to computers
and chess: how they play, their
weaknesses and strong points, and
speculates on the chances of
Karpov being the last flesh-and-
blood World chess champion!

Thirty vears ago, with the electronic
computer still in its infancy and illus-
trating above all else the First Law of
Thermodynamics (*Work is Heat’), the
game of chess attracted the interest of a
number of researchers in the field of
artificial intelligence. The first person to
actually propose how a computer might
be programmed to play chess was the
English Mathematician Claude Shannon.
In 1949 he presenied a paper entitled
‘Programming a computer for playing
chess’, which was significant, both for
the fact that it was the first paper
expressly on this subject, and more
importantly since many of Shannon’s
ideas are still employed in the strongest
chess-playing programs of today.
Shannon’s interest in chess program-
ming stemmed from his belief that the
game represented an ideal test of
machine intelligence. Chess is clearly
defined in terms of legal operations
{(moves of the pieces) and ultimate goal
(checkmate), whilst being neither so
simple as to be trivial nor too complex
to be unsusceptible to analysis.

Board, pieces and moves

Shannon suggested that the machine
represent the chess board by assigning a
location in computer memory to each
square of the board. Each piece is then
designated as a numerical value: +1 for
a white pawn, +2 for a2 white knight,
+3 for a white bishop etc; —1 for a
black pawn, —2 for a black knight, and
s0 on. These numbers are stored in the
memory location which represents the
square occupied by the corresponding
piece. An emply sguare is represented
by storing a zero in the appropriate

location. A number of more recent pro-
grams also adopt this method, with the
exception that a 10 x 12 board is used
instead of 8 x 8, and that a unique
number (such as 99) is stored in all the
off-board locations, thereby allowing
the program to detect the edge of the
board, This is illustrated in figure 1,
where the addresses for each square are
given in the top left-hand corner and the
contents (before the game staris) of the
memory locations are also shown.

The program generates legal moves
simply by mnoting the mathematical
relationship between the addresses of
the different squares. For example, the
addresses for each square may be
assigned as shown in figure 1. Then, to
calculate the possible legal moves of,
say, a king standing on el (square 25)
one adds the offsets +1, +9, +10, +11,
—1, —9, —10 and —11 to that address.
The program then checks the contents
of these new addresses to determine the
legality of the move. If the location con-
tains the number 99, the square is off
the board and the move illegal. If the
location contains a positive number, the
square is already occupied by a white

| piece. If the contents of the location are

negative, on the other hand, the king
can legally move ito that square cap-
turing an enemy piece (always assuming
that the piece is not defended). Finally,
a location containing a zero also rep-
resents a legal move assuming that the
corresponding square is not attacked by
an enemy piece.

Calculating the legal moves for a sliding
piece such as a bishop, is only slightly
more complicated. With a white bishop
situated on square XY (e.g. 54, where
X =35 and Y =4), the program examines
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address [X + 1, Y + 1] (i.e. 65), checks
to see whether the contents of that
location are zero, and if so proceeds to
examine address [X + 2, Y+ 2] and so
on (if [X+ 1, Y + 1] turns out to con-
tain a negative number, then the bishop
can move to that square, capturing a
piece, but obviously can move no
further along that diagonal). The ma-
chine repeats the above procedure for
[X—l,Y S X —2.¥ =21 etc, then
does the same for [X -1, Y+1],
[X —2, Y+2] etc, and finally for
[X+1, Y-1], [X+2, Y-2] etc. In
this way the program can generate legal
moves along all four diagonals of the
bishop.

Similar operations can be performed to
determine the legal moves of all the
pieces, although one must bear in mind
that certain moves have to be checked
for the existence of pins (is the piece
pinned against the king, for instance)
and the procedure is complicated when
considering castling and capturing en
passant.

A more ‘logical’ approach
The above approach is still adopted by
many modern programs, although an

Figure 1. The puter can rep t the

chess board by assigning a location in mem-
ory to each of the squares on the board.
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alternative method which is particularly
suited for use with large computers has
subsequently been developed. This
utilises the fact that certain large com-
puters operate with 64-bit words. If one
bit is assigned to each square, only
12 64-bit words suffice to represent the
position of all the pieces on the board.
For example, one word will provide
information on the position of all white
pawns on the board by setting a bit to
‘1” for each pawn that resides on the
corresponding square. If a square is
empty the bit remains unset (‘Q).
A second word will represent the pos-
ition of all the black pawns, a third the
position of both white knights, and so
on.

In addition to the position of pieces,
these ‘bit maps’ or ‘bit boards’ as they
are called can be used to represent other
information. For example, one 64-bit
word might represent all the squares
attacked by white’s pieces, another all
squares which are a knight’s move away
from the black king, and so on.

The real advantage of this alternative
approach can be seen if one considers
the instruction set of a modern com-
puter, containing as it does a number of
‘Boolean Logic’ operations. These can be
used to combine considerable amounts
of information stored in bit maps. For
example, assume that we wish to know
whether white has a knight’s move that
will fork black’s king and queen. One
simply fetches two bit maps of potential
knight’s moves from the black king and
queen respectively, and a bit map of
knight moves from their present squares.
Since the square may not be occupied
by a white piece, a map of all white
pieces is inverted and then ANDed with
the first three maps. If the result is
non-zero, then a forking square exists.
Finally, this map is ANDed with a map
representing all squares attacked by
black pieces to determine whether the
forking square is defended. It can be
seen that the above operation takes very
few program steps.

Looking for good moves

Having enabled the program to generate
legal moves, there comes the problem of
selecting the good from the bad. This is
where the difficulties start to accumu-
late. The most obvious approach is to
have the program examine all legal
moves by white, followed by all legal
replies by black, all legal counter-replies,
and so on to a fixed depth.

This procedure, which Shannon called
the ‘type-A strategy’ does however
suffer from a number of serious draw-
backs. The number of legal moves in
each position is on average around 38.
This means that a 2-ply analysis of all
legal moves (i.e., one move each
side; ply = 1/2 move) would produce
38% = 1444 terminal positions to be
evaluated. An analysis only 4-ply
deep would yield 2,085,136 terminal
positions, and a mere 6-ply look-
ahead would involve evaluating some
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3,010,936,389 positions! Because of
this ‘exponential explosion” as it is
called, an exhaustive look-ahead of this
type rapidly becomes unmanageable.

A second disadvantage of a fixed-depth
exhaustive look-ahead is that the
machine may well terminate its search
in the middle of a series of exchanges —
with the result that its evaluation of the
position will be hopelessly wrong. It
may, for instance, be deceived into
thinking it 1s a piece ahead, when in
actual fact it is about to loose a piece
back — or even worse. A fascinating
example of this type of ‘computer
blindness® will be given later — in the
game COKO v. GENIE.

Shannon was well awarc of the inherent
problems of a type-A strategy, and
therefore proposed an alternative model
which he called type-B strategy. The
latter is characterised by the notion of
‘quiescent’ positions, ie. the program is
encouraged 1o continue its search until
all forcing variations are exhausted and
the position for evaluation is ‘static’.
More importantly, a B-type strategy will
not attempt to generaie all legal moves
in a given position, but rather will sslect
a small number of ‘plausible’ moves for
subsequent analysis. This approach
obviously requires that the program
have some criteria by which it can select
the more promising moves from those
which are plainly irrelevant, i.c. that the
program have a ‘plausible-move gener-
ator’.

The interesting feature of the type-B
strategy is that it attemps to simulate
the approach of the most efficient chess
model we know of, namely the human.
Contrary to uninformed opinion, the
chess master does not analyse dozens of
moves deep and investizgate hundreds of
different variations before selecting a
move. Quite the reverse is true. Research
carried out by a Dutch psychologist,

de Groot, revealed that, in a fairly
typical middlegame position, Grand-
masters tended to look at only three or
four different possible moves, and that
the maximum depth to which they
calculated was not much more than
7-ply! However, the grandmaster is
adept at perceiving the critical features
of a position and at selecting an appro-
priate plan. The grandmaster’s assess-
ment of the position is liable to be
much more nuanced than that of the
amateur; he has ‘seen” more deeply and
recognised the truly salient, functionally
important features. The story is told of
the great Czech grandmastier Reti, who,
when asked how many moves ahead he
normally calculated during a game,
replied ‘as a rule, only one’. Grand-
masters think much more in terms of
general strategy and the formulation of
suitable plans than in terms of specific
sequences of moves.

For the chess programmer this knowl-
edge comes as something of 2 blow,
since pattern recognition is a task at
which computers are as vet woefully
inept when compared to humans. The
difficulties in creating an effective pos-
ition evaluator and plausible-move gener-
ator are enormous, particularly when
one bears in mind that the nature of
chess is such that the failure to make
one important move is often sufficient
to lose the game, and clearly any move
which fails an initial plausibility analysis
by the program will never be played.
However before considering more fully
the problems posed by position evalu-
ation, let us first examine how the com-
puter actually goes about selecting a
specific variation as the best available.

Growing trees
Shannon suggested thai the program
adopt the ‘minimax’ procedure first

proposed by Morgenstern and von
Neumann in their work on game theory.
Basically, the program grows a ‘tree’ of
variations. An example of a simplified
game tres is given in figure 2, which
starts from the initial position with
white to move and assumes that some
form of static evaluation function
awards positive values to positions
favourable to white and negative num-
bers to positions favourable to black.
The program assumes that, at each
branching point (or ‘node’), the plaver
who has the move will select the most
promising alternative. That is to say
that, when it is white to move (odd
nodes), the program selects the variation
leading to the largest evaluation, and
with black to move (even nodes) it picks
the branch which gives the smallest
evaluation.

The program first examines 1. e2-e4,
e7-e5 2. Ngl-f3, Nb8-c6, evaluates the
resulting position and storss the value
thus obtained. Next it proceeds to
evaluate 1.e2-e4,e7-e5 2. Ngl{3, d7-d6,
and compares the result with that
obtained for node 5. The lower of the
two values is obviously best from black s
point of view (remember that it is
black’s move and the program is mini-
mising at even nodes) and so that value
is ‘backed up” to its immediate parent
node (node 4). The program then pro-
ceeds to successively examine the two
terminal positions (8 and 9) arising from
node 7, evaluates them both, and backs
the smallest of the two up fto node 7.
This procedure is repeated until the best
‘backed-up’ values for nodes 11, 14, 19,
22, 26 and 29 are obtained. Next the
program maximisés at nodes 3, 10, 18
and 25 lo find the best white move at
that level. This process is continued,
‘minimaxing’ back up the tree, until the
best move for the current position is
determined.







