


ABSTRACT

This paper covers the develcpment of a ~hess
playing program. The preliminary.planning led to the
decisioen to uvse a;variable depth search, terminating at
either an arbitrary mazimum? or at a stable position,

Two achemea of controlling material btalance are discussed.
Of major aignif&cahce is the use of the "alphs~beta”
heuristic, a method of pruning the tree of moves. This
heurigtic makes use of velues obtained at previous

ranches in the tree to eliminate the necessity to search
nbvicusly worse bdranches later.

The progrom has played four long game fragments
in which 1%t pisywd chess comparable to an amateur with
about 100 games experience.
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INTHODUCTIQN

This thesis descrihes a chess playinz program
for the IBM TO9C computer. Althoﬁgh chess progvams have
bean pravicusly written, none of these played what could
be considered "good chesa" .

Befors commensing work on our chess program, we
stadisd the report published by Newell, Shaw and Simon
covering previous attempts, such aa the Los Alamos prog—

rRa, and Bernsteints prozram at IBM.

PRELIMINARY INVESTIGATION

The chsszs group, sconsisting of Messra. BRertekamp,

Niesgen, Lisbsrman and Xotok, inherited rcutines for gener-

ating and making lsgal moves. With these as a basis, we
decided to write a thrse move mate sclving prcgram for the
purpose of familiarizing ourselves with the existing
routines,,and'to come ‘in contact with many of the problems
we would latsr face in the actual general playing program.
Tha three move mate program was completed In the spring of

1660, It was given problems from actual games, and

succeasfully solved many of them. The three move mate pro-

gram was written for the IBM 704, which was removed from
the MIT Computation Center in the summer of 196C. Due to
lrncompatibility with the incoming 709, the project was
droppaed at the end of the apring term of 1960;

In the fall of 1960 the chees group, without Mr.

Barlekamp, began planning for the general chess program.




It wza decided to retaln the original McCarthy-Abraham:
move routines, and to continue ecding in FORTRAN and FAP.
The program was t0 he 2 variabls depth searéh with a
"stable poaition® terminations A&n svaluation wam to be made
at tre terminal points of the move tree. This evaluation
woulc be a weighted sum of such eriteria ss materiai bal-
ance, center control, pawn structure, "tempo? advantage,
and development.

¥oves on each lavel were to be proposed by
"plauaidle move gsnerators® which would propose moves to
fulfill various geals. -As the tree was searched, a taciing
up »rocess would take plﬁcse in which ¢the move deciared
best 3% cach lavel by the evaluation would heve 1ts valua
broeuzat up ¢to the next nigher level.

This procsdure, also called mini-max, leads to
a “prlncupal variation” which 1s that set of moves wnich
the machins conasiders most likely to happsn. The evalua-~
tion ulways égsumes that a player will alwayslmake the best
move available to him a given tima,

It was, of course, recognized that any svaluation
'could'not be pérfect, since chess 18 a geme in which the
only way a position can be parfectly evaluated i1s to look
to the end of the gams, and see whather it leads to a win,
draw. or loss. The only sound basis fcr an evaluation 1is
that cress masters have, over the years, accumilated
knowliedge concerning the play orf the game. TFor instance,

a pesition in which a plec2 is "en prise" 1ig considered

vad, vhile having rooks on open files is considered gzood,




even uvnougn the rmules do not state anything about such

things.

21nce nonse of the members of the chess group are

mnore thﬁn emateura, we consulted books by masters to find
out how much better it is to control the center than to
have a atrong pawn structure. These books are amazingly
elusive on cuch datails. Although many tips were gilven
concerning the play of ths game, relative importance of
rapicus strategies wag unesrtain, ‘

9 ther=fore gonsidered having the program play
for & while, and adguétfthe weights of the evaluation
eriteria to optimizg its position. Althcuzh such a scheme

seemed desirable, 1t ms decided not to inciude any “learn-

ing” in the program due te the unavailability of suitably

largs amounts of eomputsr %ims.
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CRGANIZATION OF THE CHESS PROJRAM

Work on the chess preogram itselr began in the
apring term of 1964. The program 13 written in subreutine
form, using the Fertran Monitor System of linkage. Where
possibie, progrems are written in FORTRAN, and where it
becomer teos cluasy, or inefficlent, PAP 1s used.

The actual implementation of the avove menticned
"plzusidle move generators® has never been accomrlished.
Inatessi, we have a program, caled REPLYS, which scans the
iegal move tabdla, updates, svaluates, and reverts each
novs and ardﬂrs tham aécording to & single ply evaluation.
(A ply 13 a half-mova, ioé; a move hy only one side.)

Tha muber of imoves actually chosen is a finction of the
current depth in the tree. '

Evaluation functions were written for materfal
balance, center control, and develcpment, since we intended
TO concentrats our efforts on oﬁeninga until the program
was thcrcughlyjdébugged. '

The coordinating routine written in the 3pring
of 1961 5 callad TREd, eamployed the above mentionad mini-max
scheme. REPLYS was set to cut the search at a depth of
elght rlys, or whenever the situation was stable, which-
ever came f{irst,

The program waas tested late *n the soring of 1961.

The 7CS tcok about S %o 20 ninutes per move, devendins on
the complexity of the situation. Althourh the machine 44d
not do too hadly, we noted that 1% was iocking at many

“rrelavant positions. We thefore attcmptaed to find

[\

method 3f pruning the move tree, without discarding good

23 well as bad moves.




Prof. Melarthy propossd a hesuristic rfor thiz
purpose, cialled "alphacbeta®. It sperates as followse
Alpha i3 a nusber rspressnting the valus of the bost
poaiticn which white.can reach, uging a pessimistic avalue
ation. 3eta ropresents the best position white can raach,
using an cpﬁiﬁistic evaluation, due to thé fact that black
can hold him ¢o this pesition. Under normnal circunstances,
alpha starss st ~infinity, and bsta at +infinity.

At mach level, optimistic and pessimistic svaluations sre
made, ad comparsd to alpha and detz in the £5llowing way.
If a white meve is cptimiatically lasé than aloha, it 1s
dizcerded, aince a better alterpative exlsts elsewhere.
Likewise, if a white nove pesslimistically 1s better than
beta, 1% too 15 discarded, since black had a better altar-
native previcuslye furthermore we revert two levels sincs
no other whilte movas are worth considering at that positica.
The reverse strategy is applied Por black.

The "alphaebeta® version of TREE was written
during the summer of 1961; and was Tirst put to use during
the fall of that year. Also, we wera Joined Y%y Mr. Wagner
in the 511 term of 1961.

After testing in the rall of 1961, it was decidad
that the material balance programs wers Insufficient. Ve
thersfere decidad to replace %he aéheme then in use with
a naw, vpdated scheme. The programs then In use, and, as
1% nappens, in use ncw, camplately re-generate the maéarb

1al balznece funecition at each cosition.
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The material balancs evaluator consists o' twe
subrouti:es, SWAP and LTRADE. S4WAP!s function is te ilst
all attacks and dafonces on each occupied squars. (cecond-
ary attackers which reside behind primary attackers (or
dafendernj are inecluded. ‘The places ére li3ted 1n :he
order in which thoy wsuld be playad. Lowéét valued pigecszs
coma fir:at, unloas ths order 1s disturbed by the nicessity
of & higher valued plece to ﬁove firat due to posi:ion.
Pieces virned to the king and qusen were not recciiized,
leading <o cmcarrassing evaluations. Llkewlse, ciycoverw
ad atbaciis wera not congiderad.

LTRADE then simulates trade-~orf of all :tttacksed
pleees, znd choeoses the line most profitable ror ttz side
to move. The copponent 1s givenlthe option of havirz s
given piace taken, or moving the piace away. After ail
ressibls tradss have besn made, the program computes
whather 1t 13 to the advantage of the machine to iritlas2
an sxchaage, and if so, what ths probable gain wouli be.

This zcheme 18 both time consuning, and occasion-
ally indccurate.’ It was thereforas decided to write &
neﬁ evalaator for the material talance, sthich kept au
updated set of tables, in a list structure format, {rom

which th2 cuttome of a given exchaenge cculd be found at

a glianca.
After a few months of planning and prograrming,
the new lList structure program weas found o He impractiecal,

Ql
&
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¢ =xcesaive complication in the update rrocedure.

Furthermare, the values wnich were o e Includsd in the
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list were Found to he no more sccursis than the onss which
the acove gehsws produced, The prujzct was therelfors

abandonsd.

DESCRIPTION GF COMPGNENT SUB-FROGRAMS

‘The chess program is organized into 2 non-recunr-
sive hicrarciy of 3ubdpregrams ‘Listings are to be found
in asppendix 1.

ADUINISTRATIVZ ROUTINES
{¥amn) Thiz 13 the hnighest lsvel pregram. The on~line
maln progrem hasthe Job of handling input-output, and
timing. It dstermines the cpponent?s movae by looking at
the conuole keys, and picks the appropriate move from the
legal move table. It than calls TREE which actually maices
the mova, after which (MAIN} priﬂta out the machineis

repliy.

TREE Tree is the second level of control.' Tree as

the responzibility of constructing the tree of legal moves.
It calls REPLYS uO generate a 1139 of plausible moves, and
entera these in ths LISP table, which i3 the actual tree.
The moves are than chosen in order of decreasing value, and
updated. A new list of plausibdbie moves 13 then gzgenarated
far the opponent. The optimistic and ressimistic evaluators
are callad, and the alpha~beta tests are made, as describded
atove. TIn the event that no replies are Zenerated, dus to

ctabllity, or excesslve depth, a atatic evaluation is made
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and asgioned to the positicn., The lost move is then

reverted, snd Lhe search proceeda down the next most likely

braneh «f the trea. ¥hsn all degired pesitions have baen

examined, the “besat® wovs is returned aas the answer.

PLAUSIELE MOVE QENERATION
REPLYS This program suppliss lists of plausibie moves
to TAEE. 1I% updates each of the legal moves, evaluates
thepesition and reaverts. The rambsr of moves presented
is a funcsition of the prasent ply. Current valuez in order
of Inczressing piy ares 4 322 1 1 11 0 0. These ara

input parametars to the program,

EVALIJATION RCUTINES

EVAL Zval is the static evaluation program. £3

function 18 to eall all the gubsidlary evaluation rrograms

and to apply suitable multipliers, and hence form a
welghted sum. Material values sres pawn 1, knight and
bishop 3, reok 5, gueen 9; and xing 1000. These values
are normaily rmltiplied by 60 when comblned with the other
funetlons. 3hould one side be shead at least 4 roints,
the material multipliers are adjusted to make trading

cff advantageous.
LIRADE “hls program, descrived in more detail above,

provides the prajected material ZAaln, censiderin: all att-

acks and defenses.
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ICENTR The center contrel svaluator gives points fer
controiling the 16 center sauares, Locking from elther

slde, thzse values ares

8 8 1 4
4 8 8

2 4 4 2
1 1 1 ' 1

The centor contral pointe are each worth 1/60 of a pawn.
After thg game passes the twentich full move, the center
control unctlon is decreased In importance until the 20th

move, whon 1t is discearded.

ITVILP The development function, gives points for each
develcped plece. These range from 1 roint p2r pawm, to 3
or 4 pdiﬁts fer other pleces. Development poins are
weighted 1/15 of material points. Thils function ‘s also

eliminat«d as the game progresses.

JPAWNS - The pawn structure function, conzid>rs the follow-

ing situztions, with aproximate point valuess

open £ile +3
igolated ravm -1
tackuard pawn -5
doubled pawn =3
Dagged pawn +10

These points are waighted 1/20 of matarial cointx,




SERVICE ROUTINES
UPDAYEUpdatss any lagal move, and records all relevant
infermation on a pushedown 1ist. It then gonerates all
legal replies avalladble to the other side, using the general

purpese move routines UPREV and PUTCH.

REVETT Takes back the last updated move. This 1s actuale
ly ardither opticn of the the updating routine UPREV.

PUJTCH A lowar laval routine used in making moves. It
keeps tables of almost legal moves and plece bearings
tpdated. This table does not include castling, ani "eon

passant”® moves.

SVIAP Generates the list of all attacks and delcnses on
occuplad squares, listed in the order in which the pieces

would be plajyed.

PINS Gznerates the list of all pisces pinned to Kings
and Queens. Includes the pinning direction, so that SWAP
will only congidvr a Pinned plece as an attacker c¢r d=fend-

er aleng the line of the pin.

INPUT~CUTPUT ROUTINES
PRINT The major output routins. It handles most of th
printing, btoth on and off line. Tt, and i4n subhroutines,
print the chess board, legal move table, principal vari-—
atlon, move tree and log of all moves tried, plus other

Information useful In debursing.
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IWLTEA Reads in any chess beard ncsision Its input
larguynie 1z ag Pellowse

Ths cheas baard ileg 3cannel, from left is right,
starzlng ab whits*s Queen Rook 1. Di:its rapresent runbers ]
of unoascupisd sgquares. Pileces are represented by the nor-
mal chasa notatlon, in ite most explic:t forms e.g. XKBP for
King Bishop Pawn. Black pieces are prezeded by asterisks.

After azactly €% squares ars specified, thre character®,"”

el

pericd’ signifies the end of %the specilivation and that
white 8 to move. %f," indicates black tn move.

Addisicnal Psatures include ths abllity to indicate promscad
pawng, by atasing the Typs of plece, fol.owed by the nar:z
of the pawn frem which it promoted, in rirenthesesy e.:.
Q{XIF). Alse, it iz possible %0 indica.e that a piece has
previously moved {for rocks, kings and :zwne) by suff.xing
(M} to the pilece name. Commenta must tagin and end vith
slashe:. .

Ths input 18 on IEM cards, punched .in cc.umns 1

through 72, taking as meny cards as neszessary. In case of

- errora found by INITIA, a comment wili. be printed, the

remaining part‘of tha problsm will be zkipped, and the next
problem will e used.

All tables are initialized, and the prcsram is
get o commence with the legal move table generistel for the
glde indicated. An oxample of an INITIA Inpu: will be

found n Appendlx 2.



HEIULTS

As oY This date, the machine héﬁ rot completed
any chass games. 4We have, however, played # lenghty frag=
ments ¢f games, and alao have Investigated many individual
poszitisna.

Por cur flwrat long machine run, we choze an
undergraduate student, Milton Garbsr, who held second
place in his dormitory chess tournament. A record of this,
and othrr game fragments 18 to be fcund in Appendix 3.

The sacond gane was alsd played against Mr.
Garber. In the record of this game a column indicating
the priancipal variation is included. These are the moves
the macaine considers most likely to happen in succeeding
plays, ased on the svaluation and minimax srocess.

: in aeventeen moves, the machine guessed correctly
only thrice, 1§m1udins only one case where it predicted
corrzctly more than one move shead.

Figurs 1 consists of a set of representative
output for a single move. The {irst page 1s a printout of
the cheas beard, and & list of the opponents lezal replies,
labeled MAVAIL. The second page contains the orinsipal
variation, Deginning with the value cf tais variation, and
the numiber of positions examinad at the avrroxiaate rate of
1100 positions per minute. The principal variatioh itself
commenceg wWith the machinels move.

The following pages containthe actuzl wove tree.
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avel onid move ars Zane ated together, =te. The
Mralus® 2olumn contzins a vzlue gn each terminating pnosi-
tion, Values of 131071 {ndicute pogitions discarded for
alphawheta sutore, Tarminaﬁing positione2 which have no
values have not even taen exsmined, aince the alpha~bata
heuristiﬁ found previgusvmﬁvas on that lavel to be either
oo good, or tge bad. |

A third gsme fragment wag rlayed against an
,mcaur ibh 1io%le cheoss axperiencaey in oarti.,ul ar, he
xnsw the cams, and had olaysd sons vefors he came to MIT.
The gmeue Progresssd 3% mavez dorore time axpired, with
5he result that the m2ening was ahead 1 rcok, 2 xnibhta
and 2 bichops,

‘ Frem our analyasis of the results, we nave found
that in ita preaent gtate, the program is comparabls to "
an awatuer with about 100 zames experisnca.

Hes* o ths machineis moves ars relther brilliant
nor atupid. It must D9 admitted that 1t occasionally blun-
ders. TEesz blunders can often bs traced Lo wrong multi-
Plyers in %ha avaluation, and oc >casicnally to situations
whera discovered attacks, forks, etec, cause confusion. I%
is rare, acwever, not ta Pipd the correct move in +na list
Pizusivle moves.

Thils study is lfar rrom complete, hut s >0l thag
our affor:cs are rroving I'maitful. Hopofully chis wnyls W1l

be continued.
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