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The perpose of fthis indepondent study nroject woas
to degign a ol oo adeyins prosran for a computer in
PL/Y progropsti e oooe. The project was successTul
as the accomp rung consutor printout shows,

In recen’ ¥ oy, chess wrosreans have become a favo-
rite form oif rasenrch for computer scientists interested
in artificial intelligence. There are several reasong
for this. The noture of +the chess nrogram lezds to
development of new techninues; chegs—-playing is an
activity menerally regarded as intelligent behavior;
the performance of chesas nrogsrams can be diréctly COMm—
pared to the performonce of human chess players.

A Yaymon nisht think thoetv a computer would be
unveatable at chess. With its super-fast rate of OPEri~
tion, it would anpoor that a computer neccd only generate
all poggible moves and all vnossible replies, etc. ad
infinitum. However such a atratesy rapnidly falls
prey to geometric progreassion. One estimate for the
possible number of plays for chesg is 10120,

Thus the comnuter can only search to a certain
deoth,  Most of the better progroms search to o pre-
sl nth of six or seven ply. If & position is
Toddivetoat than deoth - contains captures or checks —
Lhenonene movas are searched until a "deod" position
in rae ched,  Thiis orogran involves a search of only
two ply ~ the counuter's move and, its opponent's
reply.

Almost all chess progroms involve an evaluation
function. At the wmaximum denth, the positions are
evaluated according to certoin characteristics. The
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nine variables in the evolw tion fauetion of Shia vrosran
are as followsn: space controlled, number and atroeacih
of picces, ceater control; camtling of king, pawn moni-
tion in front of castled ki.:, »uzmned vnawns, doubloed
pavms, ook on the seventi :onlt, nos ussion of the two
bishon nair.

lost nrosrsme inve lve plaucibility ordering of
possible moves. lNot ~1l moves nre invetipsated - only
the more plausible oncs. This orosream has such ordering
based on space conbtro:, The uwletive number of scunrec
attacked by eoch wige aoa . Lo order the moves nccord-

y ' t

i Lo Ghoar dooiyodadcby, omdy Lhe wont danirab? o

v anvonbienbod o Lo cw teval o gne ond soven ol lLovel
two. Thus the progronm deronstroates topered forword
pruniag. A ouwdclk colevlation shows that seventy possible
rositions are :vianued at level two.

The evul: iion of nositions at ply two are backed
un to ply T . 4 Ty O (the read-in board position) by
use of fiail - I, ling.  Pasically the human is expected
to choose tic minimum of the seven evaluated positions
at ply 2 (es this would be his mogt desirable move).

In turn the couputer choorcs the maximum of the ten
brcked—-un minimum values ot ply I (as this is its most
desirable move.). Mini - maxing of evaluation Tunctions
are onnipresent in came-playing chess prosrams.

A pood chens nrosram neceds not only heuristic
(or search) technioues, it aloo needs algorithmic (how-
to-do-1t) technicues. This could toke the form of a
book of onenings (to save computztional time ond avoid
truns) or of a list of procedures to be followed in

choosing moves. In the sattached chess program there




opeuinsg, midorme, or endsane, based on the number of

picces on the borord. 14 keevs a list of different

varcmneters for ¢ch stasge of the gome., A pascsed pawn
is much more voluoble in the endgame than in the
oening, for exanvlae,

‘he Pemborke comnutotion foecilitics do not nossess
on-line cunabilities. Therefore thig progran does not
actuclly "play" a geme of chess. Instend it reads in
a given position and chooses its best move.

Certain things are not implemented in this chess
prosram.  Among them are pawn promotion and canturing
en pesgant. The former migsht so overwhelm by meunsg
of its four to twelve moves the simple plausibility
ordering mechanism as to preclude investisation of
other vossibly better moves. The lutter ig relevunt
to & game situation as its lesolity is denendent on
a nrevious move. It is not really rclevant to a single
position situation which this progsram handles. The sane
shortcoming could couse this nrosram to make an illegal

astling move. If the invoived king or rook had
previously moved but then returned to its original
position, this program would regord castling as legal.
Such problems are minor aowever oand present no par-
ticular progremming difficulty if a more complex
program were practicel in Lore of time.

This is basienily o vers sinnle programn. It con-
tains only about 1000 PL/I intements, A program
inplemented at Lu' <, ealled DUCHESH, contained about
5000 I'L/T atatonetn. ! ucthormore it gearchod to much
greater depth thoas two ply. DUCHESS also employed
alphoa-betn senrol fechnigues, Thin sophigticated




which reduces tue numoer of mositionn which

procedure,

must be evolunited wes not included in the accompany-
ing prosrom because of the two ply depth limit.
DUCHLSS nchieved o United stotes Chens Tederation
rating of over 1300. TFor nurposcs of comparison,
this established DUCH®SD as the third highest ronited
nfemale" tournament player in the state of North
Carolina. The attached pr« ram is much too limited
to achieve such results. (&t would noé even recosnize
a mate-in-one by its opuoncent at vly two. However
all the brsic parts of o pood chess program are
included.

Will the descendarnsoof D 1ist3 and MORPIY bvattle
for the world chess ot monion ninY It appears doubt-
ful for the next counie of -—ocndes anyway. The best
existing chess peoreins guer as Greenblatt's MAC HAC
VI have a ratine of ahoat 1550. Bobby Fischer's
rating is anprovimssely 2800,

'he nrob!sn doas ant seom to be one of speed.
wven 1if conpunos cweod were to exovlode exponentially
dua to som: ¢ -lacac.os brockthrouzhs, it would not
ennble the coopvocre Lo acoreh mach deeper as positions
cxnlode exnonentinlly also,

"The rroblem sceens to be one of noftwarce. More
n)rrorithmic knowledse must somchow oo programmed into
tha computer. Asnuaming computer memory otorngse in
nmido larre eénourh, o erondmostor - lovel oi knowluodro
of the openings seems plausible. Play in the midsgame
could be improved by specific algerithmic strategies
and by refinines of the evaluation function througn
vorious learning technioues., It is in the endgane
that present programs are weakest. Human selective




search works well in this stage; mechine brute force
search is poor is in this stoge. It is difficult to
give the comvuter the goals it needs in thisg stage in
order to plan its strategy. |

More likely than an early world chess Championship
for a mechine is joint authorship of a chess manual
by a grandmaster and a computer. The computer's apeed
and deonth of search combincd with the arandmaster's
algorithmic knowledsge could bhe a big boost in chess
research, Chesg knowledge at present depends today
in great part on nublished grandmaster gemes. A mon-
machine partnership could open a whole new facet of
chegs knowledre.

In the spirit of such a partnership the accompany-
ing program is christened MORPHY after the first
American world chess champion.
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