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ABSTRACT

This paper describes a computer program that analyzes chess
positions that contain checkmating combinations. Over the
range of positions the program can handle, the program is
viewed as a psychological model of human problem-solving
behavior. The model has a set of mechanisms for generating
a small, highly selective set of moves for analysis and a
search strategy for conducting the chess analysis. These
parallel the human chess player's search behavior on several
points: particularly on the quality of the moves considered
and on the heuristics and stop-rules for keeping the ever-
branching tree of move possibilities within manageable limits.
Some specific hypotheses about the chessmaster's perceptual
abilities are offered to account for the quality of the moves
that come under consideration while some hypotheses about
uncertainty reduction and the nature of the constraints
imposed by immediate memory are suggested to account for
some of the structural facets of the thought process. These
derive from the detailed process comparison of a human's
behavior with the model's. On a performance measure the
program has discovered some of the most sparkling combina-
tions in the chess literature, in positions requiring analy-
ses ranging from two to eight moves in depth.
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PREFACE

This paper is directed to several audiences. Primarily, it
is intended as a guide to a computer program of some 5000
IPL-V instructions. The hope is that together with the
program (a copy of which can be obtained upon request) this
guide will be sufficient to enable other investigators of
the Royal Game to dig in and pursue the ideas embodied in
the program.

I do not suppose, however, that many readers will be inter-
ested in such a fine level of detail. Psychologists of the
computer simulation ilk may want to skip the sections on
representation and organization altogether and head straight
for the last two sections on heuristics and psychological
interpretation. Investigators concerned solely with artifi-
clal intelligence may prefer to read selectively from all four
of the sections on representation, organization, heuristics,
and results. Chess players, especially those like U. S.
Champion Bobby Fischer who thinks the whole conception a
"pipe dream," should take heed.
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I. INTRODUCTION®

The most successful chess machine to date (Kotok, 1962) is a coward.

The program has only once administered checkmate and that was sheerly
fortuitous: snatching a Pawn also happened to mate the opponent. The
program reported here, while bloodthirsty, is not a complete chess
player; it does not play games. Rather it is a chess analyst limited

to searching for checkmating combinations in positions rife with tactical
possibilities.

A combination in chess is a series of forcing moves with sacrifice that
ends with an objective advantage for the active side (Botvinnik, 1960,

pp. 266-67). A checkmating combination, then, is a combination in which
that objective advantage is checkmate.2 Thus the program described here--
dubbed MATER--given a position, proceeds by generating that class of
forcing moves that put the enemy King in check or threaten mate in one
move, and then analyzing first those moves that appear most promising.

The course of MATER's analysis--the moves it discovers and chooses to
explore and the reasons why--is what makes it psychologically interesting.
After all, in agreement with the former world champion: "the essence of
a chess master's art ... fundamentally ... consists of the ability to
analyse chess positions" (Ibid., p. 11).

The organization of this paper centers around MATER's "ability to analyse
chess positions." After a brief look at the program's history in
Section II, the programming language representation of the chessboard

and chess pieces and the basic chess capabilities this affords are
examined in some detail in Section III. Section IV treats the overall

lThis paper was submitted to the Department of Psychology, Carnegie
Institute of Technology, in partial fulfillment for the degree of Master
of Science. This investigation was supported in part by the Public
Health Service Research Grant MH 07722,from the National Institute of
Mental Health.

2Sometim,es the defender is able to avert the checkmate by incurring a
heavy loss in material (pieces and/or Pawns). If the attacker's gain

in material is indeed an "objective advantage'"---the defender being left
with no compensatory attacking chances--then such combinations would
generally be called mating combinations, even though not ending in mate.
The current version of the program confines itself to mating combinatioéns
in the narrow sense--those from which there is no escape. Inclusion of
the broader class is an obvious extension.
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organization of the program, which is designed to allow flexible move-
ments in an analysis tree of possibilities. Then in Section V the "top
level" comes under consideration: MATER's heuristics of analysis--the
search rules and priorities, the search evaluators--that enable it to
find a mate in the maze of possibilities. In Section VI the evidence

for the program as a model of human problem-solving behavior is presented.
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II. HISTORY OF THE PROGRAM

MATER has led a checkered life. The original mating combinations program,
as conceived by Simon and Simon (1962), was a hand simulation setting

forth a strategy of search. Briefly, the program (1) generated all check-
ing moves for the attacker (listing them in a prescribed priority order,

as will be discussed in Section V); (2) selected and tried the move with
highest priority; (3) enumerated all the opponent's legal replies to it;
and (4) selected a reply and played it. If no checkmate had yet been
found, the cycle continued by (1) again generating all checking moves;

etc. Once a mate was found, of course, alternative replies by the opponent
had to be investigated: a checkmate must be demonstrable no matter what

the opponent does. The program escaped some proliferations in the analysis
tree by eliminating from consideration those checking moves to which the
opponent had more than four legal replies.

According to hand simulations the program discovered mating combinations
in 52 of the 129 positions collected in Fine's (1952) chapter on the
mating attack. The mates in these 52 positions were all forced sequences
of checking moves. But & hand simulation is not a rigorous model and,

as such, is itself sometimes prone to the imprecisions and ambiguities
of many verbal theories. Indeed, Myron and May (1963) pointed out two
such ambiguities in the specifications laid down by Simon and Simon.

Newell and Prasad (1963) set out to remedy the situation. They coded an
IPL-V program which set up a chessboard, recorded positions, made moves, “
tested their legality, and performed a few other functions (see Section III).
This they overlaid with the beginnings of a mating program.

The principal organization for the first version of a mating program--
MATER I--began in the fall of 1963 when H. A. and P. A. Simon set out to
implement on the computer their earlier specifications for a hand simula-
tion. The author of this paper worked on that implementation with them
and, during the summer of 1964, wrote a different executive structure into
a second version of the program--MATER II. The designs and results of
both these efforts are reported here.
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III. THE BASIC REPRESENTATION

Two interrelated questions guided the choice of representation:
(1) What are the necessary components of a chess representation?
(2) How should this information be organized?

The first question is largely task specific, the second a more general
psychological and programming consideration.

In response to (1): The program should be able to "see" the same things
a human sees when he looks at a chessboard. Thus the program requires
an internal representation of the squares and pieces on a chessboard

and the relations among them, and a set of processes that can pick off
and make use of these relations as needed. The former requirement is
called"setting up the chessboard," the latter 'move-making and board
processing capabilities."

In response to (2): The game of chess provides an inhomogeneous collec-
tion of information out of which moves must be forged. Thus there must
be enough variety in the representation to discriminate all the different
kinds of moves; given that, the information should be stored in such a
way that little space is allotted to moves that seldom occur (such as
Pawn promotions, castling, etc.), and the dependence and division of
information between routines and data should remain flexible and open to
change and never solidify into a resistant collection of conventions
(Newell, 1962). List processing languages such as IPL-V (Newell,

1961) are specifically designed to cope with such problems. Lists permit
an efficient allocation of space, and description lists provide an associ-
ative memory with easy accessibility to the descriptive information stored
there. :

A chessboard is made up of squares, which lodge pieces, which make moves
from one square to another. Objects in chess, like the 64 squares and 32
men, can be represented as symbols on lists, and moves can be represented
as names of description lists with certain prescribed associations (such
as the square from which a piece comes and the square to which it moves,
and the kind of move i®l question). A chess position, moreover, can be
fully described as a list of pieces and squares and a chess game as a
list of moves that originate from a standardized initial position and
terminate in a well-defined checkmate position.

With this introduction the Newell and Prasad representation, which has '
been slightly revised to fit it to a mating program, can be considered
in detail.
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SETTING UP THE CHESSBOARD

A chessboard is made up of eight ranks and eight files which rule off 64
squares. The sequence of symbols Sl...S64 is used to denote these 6k
squares, as depicted in Figure 1.

8 | M25 M26 | M7 | M28 | M29 | M30 | M31 | M32
S57 | S58 | 559 | SO | S61 | S62 | SB63 | Sek

RM17‘_4_1;§M_1_9.@1!_2_1.M22M23M2“
7 Si9 | S50 | S51 | S52 | S53 | S5% | 555 | S56

R6 | Skl | Sh2 | sk3 | Skl | Shk5 | Sk6 | Su7 | Sk8

R5 | 533 | S34 | 835 | 836 | 837 | 838 | 839 | sko

R | S25 | 826 | s27 | 828 | s29 | 830 | S31 | S32

Ranks ——>

R3 | S17 | S18 | 819 | S20 | S21 | s2e2 | 823 | S24

MO | MO | MLl |M12 | M13 | M1k | MI5 | M16
S9 |80 | 51T |S12 | 513 | 51K | 515 | 518

M2 M3 Mk M5 M6 M7 M8
ST |S2 |53 |S% |8 |S |5 |SB
» F2

F1 F3 Fl F5 F6 F7 F8

Files—m=>

Figure 1. The Naming Scheme for the Chessboard
(reprinted with permission from Newell and
Prasad, 1963, p. 16)

In the data section of the program there are a list of ranks, L1,
containing members Rl through R8, and a list of files, L2, containing
members F1 through F8. Each rank is itself the name of a list con-
taining eight member squares; e.g., Rl contains S1, S2,....., S8.
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In the routines section of the program there is a superroutine, El, which
sets up a chessboard; it calls nine routines, E2-E7, E9, E10, and E12,
which do the work. Routine E2 creates the relations in the file (vertical)
direction, the same relations that are given in the data section to the
ranks. That is, E2 builds the eight file lists, F1 through F8, out of the
rank lists, Rl through R8. For example, the list F1 is erected out of
member squares S1, S9, S17, S25, S33, Skl, Sk9, S57, as in Figure 1.

Then routine E12 takes each of the 64 squares and assigns it rank and

file (x,y) coordinates, which are later used to compute another set of
relations among squares.

Sguares

For each square on a chessboard it is essential to know:

(1) the name of its occupant, if there is one, and

(2) the name of all its neighboring squares in the chess-legal
directions.

The first desideratum is effected by defining an attribute MO, "Man on
Square?,"”" on the description list of every square and assigning as its
value the name of the piece occupying it--if there is one.

The extensive network of relations among squares, constituting all legal
move directions in chess, is captured by defining 16 directions on the
chessboard, as in Figure 2.

D16 D2
N A

D14 | D15 \\Dl D>7 Dk

D13 == =+ D5
» F I N N
D12 Dll)/ D9 D7 D6
14 \
D10 D8

Figure 2. Sixteen Chess Directions. The reference
square is the one with the circle in the middle.
(reprinted with permission from Newell and Prasad,
1963, p. 16)
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The even numbers (D2, D4,....., D16) define the eight possible Knight
move directions; half the odd numbers (D1, D5, D9, D13) define rank
(horizontal) and file (vertical) directions, the other half (D3, D7,
D11, D15), diagonal directions.

All of these directions can be broken down into horizontal and vertical
component directions, i.e., redefined in terms of D1, D5, D9, and D13.

In the data structure, lists D2, D3, D&, D6, D7, and D8 are so defined;
list D2, for example, is composed of members D5, D1, Dl--the component
directions for that particular Knight jump in the NNE direction. L6

nemes the list of these six "decomposable" directions, and L5 makes
allowance for the other half by listing the inverse or opposite directions
of6Dl through D8; thus, L5 contains, in pairs, D1, D9, D2, D10,..., D8,
Dlé6.

Routines E3, E4, E5, and E8 use lists L1, 12, L5, and L6 to build the
network of relations among squares by assigning to each of the 6k
squares all surrounding squares as values of each of the 16 directions
that obtain. In the initial position, for example, the list structure
of the square S8--White's KRl in standard American chess notation--
would look like this:

Name Symbol Comments
s8 9-0
9-0 0
MO (Attribute: "Man on Square?")
M8 (Value: M8, the White King Rook)
D1 (Attribute: "Square to the North?")

S16 (Value: S16, the square KR2)

D13 (Attribute: "Square to the West?")
ST (Value: S7, the squavre KN1)

D1k (ete.)

S1k

D15

S15

D16

523 0

Note that in such a list structure representation only those five of
the 16 legal directions that are needed are defined; space in memory
is not consumed by providing the "information" that the other 11
directions have no values, as it would seem to be in a matrix repre-
sentation of this kind of data. (Cf. the argument in Newell, 1962,
pp. 411-12 for a fuller statement of this view.)
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The 32 men take and retain their designations from their placement in
the initial position; they are denoted by the sequence of symbols
Ml...M32, as in Figure 1.

For each piece, it is essential to know:

(1) the square he occupies,
(2) his type (attribute Al),
(3) his color or side (attribute A2),
(k) his legally permissible move directions (attribute.AQO), and
(5) his legally permissible capture directions (attribute A21).

The first of these is effected by defining an attribute SO,

"Square on?,"

on the description list of every piece and assigning as its value the
name of the square the piece currently occupies.

The complete range of values which the otﬁer four attributes may assume
is laid out in Table 1; note the contingency of the values of attributes
A20 and A21 on Al and A2.

Table 1

Table of Values for the Four Invariant Attributes of Pieces

Attributes—= || A2 (Color) | A20 (Move directions) | A21 (Capture directions)
K1 - L L 0
(Pawn) |[ K1l Do L1k
K2 K10
(Knight) K11, K22 K22
K3 K10
(Bishop) || x11 k21 K21
Al
Kb K1§]>
(Type) (Rook) K11 K20 K20
K5 K10
| (Queen) K11 K23 K23
K6 K10
(King) Kll} k23 K23

K20 names the set of rank and file directions {D1, D5, D9, D13); K21 the
set of diagonal directions (D3, D7, D11, D15); K22 the set of Knight

directions (D2, D4, D6, D8, D10, D12, D1k, D16); and K23 the set of rank,
file, and diagonal directions (Dl, D3, DS, D7, D9, D11, D13, Di5).
names & two-member list composed of directions D3 and D15; Ll4 a two-
member list composed of D7 and D1l.

L13
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In the data structure there are eleven lists that group the chess men by
types or otherwise useful categories. Table 2 lays these out:

Table 2

Lists of Functional Groupings of Pieces

Grouping List Name List Members
White Pawns L1l M9, M1O,....., M16
Black Pawns L12 M17, M18,....., M4
Bishops 115 M3, M6, M27, M30
Rooks L16 M1, M8, M25, M32
Knights L17 M2, M7, M26, M3l
Queens L18 M4, M28
Kings L19 M5, M29
White Rooks, Bishops, and Queen 120 M3, M6, M1, M8, Mk
Black Rooks, Bishops, and Queen 121 M27, M30, M25, M32, M28
White Knights 123 M2, My
Black Knights 2k M26, M3l

For each side, moreover, there is a man with type list: L3 for White,
L4 for Black. The first symbol on list L3 is K10 (the symbol for the
White side) followed by M1, K&, M2, K2,..., M16, K1; that is, M1l (the
White Queen Rook) is of type K4 (a Rook, see Table 2), M2 of type K2
(a Knight), etc.

For each side, there is also a type of man with move directions list:

L7 for White, L8 for Black. List L7 contains K1, L13, K2, K22, K3, K21,
K4, K20, K5, K23, K6, K23, and differs from List L8 only in that the
latter's K1 value is Llk--different Pawn capturing directions. The move
and capture directions, which are themselves the names of lists (K20,
K21, etc.), have already been catalogued in Table 1 above.

Routines E6 and E7 make use of lists L3, Lk, and L11-L19 (see Table 2)
during the initial board set-up in order to assign to each man his

type, color, move directions, and capture directions. In the initial
position, for instance, the list structure of M8 would look like this:
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Name Symbol Comments
M8 9-0
9-0 0

SO (Attribute: "Man on what square?")

s8 (value: S8, the square KR1)

Al (Attribute: "Type of man?")

K4 (value: K4, a Rook)

A2 (Attribute: "Color?")

K10 (Value: K10, White)

A20  (Attribute: "Move directions?")

K20 (Value: K20, a list of directions D1, D5, D9, D13)
A21  (Attribute: "Capture directions?")

K20 (Value: K20, a list of directions D1, D5, D9, D13).

Positions

A chess position can be described fully in terms of squares and pieces.
Since MATER is supposed to find a checkmate in any given position,
obviously some representation is necessary for encoding that particular
position. This representation is a describable list called the position
list L10. Its main list consists simply of the name of each man present
on the board and the name of the square each man occupies, arranged in
attribute-value pairs. Its description list contains a set of special
attributes pertinent to the characterization of the position; in parti-
cular, S65, the "Whose move is it?" attribute that flip-flops between
K10 (White on move) and K11 (Black on move); S66, the name of the castle
list that contains the Kings and Rooks still "eligible" for castling;
S67, the signal cell that gets set when an en passant capture is in .the
offing; and S69, the name of the most recent move made on the board.

Routine E1O0 tekes as input any position list--either the initial position
or the mating position, which is read in from cards by routine E9O--

and converts it into a set of associations between pieces and squares
such that every piece has an attribute S50 ("Square on?") with the square
that piece occupies as value, and every square has an attribute MO ('Man
on?") with the name of the chess piece--if there is one--occupying that
square as its value. This is how the MO and SO values are assigned for
all pieces and squares in any particular position. (For the initial
position see the example MO for S8 and SO for M8 on page 16 and pagel9,
respectively.)

With this,discussion of what might be called the "static" perceptual
relations on the chessboard comes to a close, What follows is the
bundle of basic routines that attempt to provide "dynamic" perceptual
relations to the program.
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MOVE-MAKING CAPABILITIES

Moves are the operators that transform one chess position into another.
What are the common properties of chess moves? BEBach involves a piece,
or sometimes two, going from one square to another. If the "to square"
is already occupied, the move is called a capture. If the "to square"
is on the eighth rank and the piece a Pawn, it is called a promotion.
But in all cases the common "from-to" property holds.

This permits a move to be represented as the name of a description list
containing a "from square" (as the value of an attribute A40) and a
"to square" (as the value of an attribute All). This information is
sufficient to specify most moves. There is a special class of moves,
however, which, while adhering to this "from-to" pattern, introduces
some idiosyncratic properties of pieces. Each of the five members in
this class is assigned a different value to the special move attribute
AL2: for King's side castling and Queen's side castling, the value of
attribute Al2 equals K12 and K13, respectively; for a double Pawn move
V(A42) = K15; and for an en passant response thereto, V(A%2) = Klk.
Finally, for a Pawn promotion, V(A:2) is the type of man called for,
i.e., either K2, K3, K4, or K5.

Five steps are required to make a move: first, the move must be con-
structed; second, it must be tested for legality; third, for repetition
of position; fourth, it must actually be made on the board; and, fifth,
it should be printed.

Routines E51 and E52 construct regular moves and special moves, respec-
tively. Both create a new cell or symbol, which becomes the name of
the move. Both take as input the square from which the piece is to
move and the square to which it is to move and assign these as values
of attributes A4O and Akl, respectively. For the special move routine,
E52, the type of move must also be specified as input; it is assigned
as the value of attribute A42. The neme of the man moved is also
recorded as the value of another attribute A51, for reasons that will
appear under step 3 below. The move 1.P-K4, for example, would be
represented as follows (where al and a, are internal cell names):

2
Name Symbol - Comments
al 9-0
9-0

0
ALO (Attribute: "From square?")
513 (Value: S13, the square K2)
A4l (Attribute: "To square?")
529 (Value: S29, the square Ki4)
A51 (Attribute: "Man moves?")
M13 (Value: M13, the White King Pawn)
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Similarly, the special move P-K8=Q would be represented in the following
format:

Name Symbol
9-0

9-0 0
ALO (Attribute: "From square?")
553 (Value: S53, the square K7)
ALl (Attribute: "To square?")
S61 (Value: S61, the square K8)
A42 (Attribute: "Special move?")
K5 (Value: Promotion to a Queen)
A51 (Attribute: "Man moved?")
M13 (Value: M13, the White King Pawn)

Second, a routine E18 checks to insure that a newly constructed move is
legal. The routine tests, for example, whether a Bishop is moving
through a Pawn, whether a Rook is making Bishop moves, whether a player
is castling through check, and the like. The output-is a simple "+"
("yes, the move is legal") or "-" ("no, the move is illegal").

Third, according to the laws of chess a threefold repetition of position
constitutes a draw and, according to the laws of computers, a loop.
Before a move is executed, therefore, a routine.E55 tests if the move
under consideration has been played before in this same position. The
position could not have occurred before if the move is irreversible,
that is, if once the move is made on the board no subsequent set of
legal moves can ever regain the exact same position. Captures, Pawn moves,
and castling are all irreversible. Thus when a capturing move is con-
structed (step 1), it is given an attribute ALl with the man captured

as its value. When a castling move is constructed, its status as a
special move is recorded as the value of attribute A42. And for a Pawn
move, a record is kept via the men moved attribute, A51. Routine E56,
called by E55, tests for any of these three conditions to declare a
move irreversible. If none of them obtains, E55 must take some further
comparisons between the A40 and Akl values of the proposed move and
earlier moves.

Fourth, a routine E65 makes a regular move on the board; routines E71-

E75 and E81-E85 execute:the special moves. A move is made by updating
the position list, which is done in two steps: first, with the assistance
of routine Ell, the description lists of the pieces and squares affected
by the move are updated. For the "from square" the value of attribute

MO is erased and for the ."to square" a nev value of MO is added and

the old deleted if necessary. Similarly, for the piece moved the value
of SO is revised.. Second, the signal cells--S65, S66, S67 and S69--
affected by the move are reset.
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Since different routines are needed to make each of the five special’
moves, these routines are simply associated with their respective special
move values in the data section of the program. Data list L32 contains
K2, ET1l, K3, ETl, ..., K15, ET5, where the K-values of attribute AL2 are
as described on page 20 and the E-values are the actual names of the
routines that make the move in question. Data list L33 is an analogous
list for special move captures, consisting of the same K-values but
E-valued routines numbered in the E80's.

Fifth, there is a print routine, E16, which prints out the name of the
move, the "from square," the "to square," and the man captured, if any.

ADDITIONAL BOARD PROCESSING CAPABILITIES

In addition to the move-making capabilites just described, there is a
second group of routines intended to provide the machine with some more
of the perceptual capabilities a human possesses; these are the board
processing routines which provide answers to questions asked of the
board. Routine El3 finds the direction, if one exists, between two
given squares. Routine El4 tests to see if there is a piece between
two squares in a given direction, and E24, if there is one and only

one piece between two squares in a given direction. El5 tests if a
piece is under attack, and routine E26 asks specifically if that piece
is the enemy King. Routine E33 tests whether a given square is under
attack, while E34 builds the list of men of a particular color attacking
a given square. Routine E36 tests if a given square is defended. These
are some of the more important "building block" routines and provide

a substrate for the move tree, the subject of the next section.
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IV. ORGANIZATION OF THE ANALYSIS TREE

THE PROBLEM

As stated in Section I the mating program analyzes chess positions. An
analysis of a position--as the term is used here=-consists of the set of
moves and evaluations made in the course of resolving the choice-of-move
problem. Taken together, moves and positions make up a tree of possibilities
in which moves operate on positions to .produce new positions (see Figure 3)
and on which evaluations of positions and of moves in achieving desired
positions can be hung as desired.

Figure 3. The Analysis Tree
(The W's are White moves, the B's, replies)

The dots or nodes in Figure 3 denote positions (static states) and the
lines between dots denote moves (operators) that transform one position
into another.

3Chess players would probably prefer to define "analysis" as the finished
product rather than the process of search, laying stress on the "right"
moves and continuations rather than emphasizing how these were arrived at.

hSimon and Newell (1956) have often drawn this difference equation analogy

to the problem-solving process: given an initial state description and a
desired state, the problem is to find a process description that operates

on the initial state to produce the desired one. In discussion of the

Logic Theorist (Newell, Shaw & Simon, 1962), for example, the logic expres-
sions correspond to the static states, and the rules of inference, to the cperators.
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How should the analysis of a position be conducted? Figure U4 presents one
simple scheme:

(1) (2) (3) (&)
Generate a set Select Make that Test if X Yes Select
Enter——s |of moves in the{=>|one >Imove in the has been |————=>another
service of X. move. analysis. achieved. reply.
|
Y%s NV
No more 1Test if Y Make that Select Generate re-
replies-=—lhas been reply in |«<—one <——plies in the
.= mate. achieved. the anal. reply. service of Y.
(8) (7) (6) (5)
Figure 4. A Simple Recursive Mating Scheme

Would this scheme be workable  if it were made operational? For example,
let:

(1) "X" be defined as checkmate and the program be given the capa-
bility of generating moves in its service;

(2) the criteria for deciding among moves be specified by certain
rules of selection;

(3) the program be given the capability of making moves and updating
board positions;

(4) a test be provided so that the program "knew" if it had achieved

"X"; and

(5-8) the corresponding provisions be made for "Y," defined as escaping
check, and for choosing among replies.

The answer is no, not quite. The scheme lacks a means for recovering
from false starts, for retracing its steps when it runs into blind alleys.
Indeed, what 1s lacking can be seen by considering the difference between
actually playing a game of chess and analyzing a chess position: the
course of analysis is fickle and reversible, whereas in an actual game a
move once made cannot be unmade. In other words, the scheme outlined
above needs provisions for unmaking moves and for abandoning seemingly
unpromising positions as much as it needs the capability of making moves
and pursuing promising positions. Ideally, one should like to be able

to enter and reenter the move tree at any node (position) at any time

and from there to proceed down any branch, old or new. Indeed, providing

5This capability has already been provided, as explained in Section III.
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capabilities for reinstating the right position at the right time is
probably the central problem of organization at this level of the program,
while making operational and making sense out of steps 1-8 above is prob-
ably the central problem at the next higher conceptual level. This ’
section reports on the former problem: implementation of a flexible

move tree. Section V is devoted to the latter: defining the problem

and the heuristics of search.

BUILDING THE TREE

The notion of analysis as a tree search is misleading to the extent that

it implies that each step consists solely of selecting a move from the
many available alternatives. Actually, the process is more one of gener-
ating moves as one goes along, of building one's own tree. This is the
very distinction Maier (1860) has drawn between decision making under
conditions of uncertainty® and problem solving: "Decision making implies

a given number of alternatives, whereas in problem solving the alternatives
must be created. Thus, problem solving involves both choice behavior and
the finding or creating of alternatives" (Maier, 1960, p. 218).

In every chess position, of course, the rules of the game place an upper
limit on the number of possibilities that can be created; de Groot (1965)
found that, averaged across the course of a game, the mean number of move
possibilities lies somewhere between 30 and 35. This is the full-grown
tree; the one the searcher actually builds is much smaller: on the
average of 4 or 5 branches at the top node and smaller thereafter.

The question addressed in this section is the technical one: How does
one build a tree? Two of the necessary raw materials, limbs and nodes--
moves and positions, respectively--were made ready in the last section.
In this section, the means by which these materials are structured into
a tree of possibilities is the first concern.

To see the second concern of this section clearly, it helps to think of
the chess player climbing the tree as he builds it. Crawling along a
branch in one direction corresponds to making a move in the current posi-
tion (node) while traversing it in the opposite direction corresponds to
unmaking a move and restoring the previous position (node). This ability
to back up the tree is what enables a player to abandon unpromising lines
of investigation and start afresh. In starting afresh, moreover, the
player may either re-investigate branches he has previously built or build
new ones.

6According to Luce and Raiffa (1957) decision making under uncertainty is
the condition in which the outcomes of the various known alternatives are
unknown.
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Third, as the player builds and climbs he also accrues and retains infor-

mation. The information garnered en route and the use to which it is put

are in large part what Denkpsychologists have called the development of

the problem.

That is, the searcher's conception of the problem at any

one time consists of the information he has about the problem, how he

has evaluated this information, and even how it has shaped his definition

of what the problem is. (Cf. Duncker, 1945; de Groot, 1965.) Provisions

for gathering information are considered in both this section and the

next; the use to which information is put and the matter of problem develop-

ment are more properly treated in the subsequent sections.

Most of the organizational problems are solved via the description lists
of moves. For convenience of reference the entire list of possible
attributes a move can take on is set forth in Table 3:

Table 3
Move Attributes

ALO
Akl
A2
A43
Ally
A4S
AL6
ALT
A48
Ak
A50
A51
A52
A53
A5k
A55
A56
A58
A6O
AGL
A62
A63

A66
ATO
AT1
AT2

From square

To square

Special move

Man removed from castle list

Man captured
Square of captured en passant Pawn
Ancestor

List of descendants

Irreversibility of move (J3 if reversible; J4t if irreversible)
Value of move (J4 if win for first side)
Number of descendants

Man moved

Double check (J3, no; Jk, yes)
Discovered check (J3, no; Ji, yes)
Checking move (J3, no; J4, yes)
Descendant's list of mate threats
Threatened mating square

Mating piece on V(A56) square

Move value = MATE
Move value = NO MATE
Move value = NO VALUE

Reply NOMV (no move)

Number of checking moves generated to date
Number of replies generated to date

List of King replies

List of capturing replies

List of interposing replies
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With respect to the first concern--provisions for holding the tree
together--a signal cell S69 and attributes AL6 and A4LT do the job. 869
contains the name of the most recent move made on the board--the contem-
porary--while attributes AL6 and ALT7 are its ancestor and its list of
descendants, respectively. The course of the analysis is preserved on

a list L31, which is a log of the analysis tree and consists of a running
record--a chain of moves--linked together as ancestors, contemporaries,
and descendants, as follows:

C?Ftemporary move

L31 a) (P-K4)

8) < ancestor b, (N-KB3)
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