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ii.

ABSTRACT

A chess program has been developed which plays good
chess (for a program) using a very simple structure. It is
based on a brute force search of the move tree with no forward
pruning, using material as the only terminal evaluation function,
and using a limited positional analysis at the top level for a
tiebreak between moves which are materially equal. Because of
the transparent structure, this program is proposed as a tech-
nological benchmark for chess programs which will continue to

improve as computer technology increases.
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Chess and Technalogy

Until recently the main effort In chess programming has been to
develop programs which selectively (and hopefully "intelllzentlv")
examine a small subset of the 1legal moves [t any position, The
surprising performance of the Varlan mlnlcoﬁbuter (programmed by K,
King and C. Daly) In the First Annual! Computer Chess Championship
(New York 1970), although due primarlly to good luck In the palrings,
led to Increased speculation about the possibility of playling

respaectable chess with an unselective "brute force" program,

We were led to reconsider agaln programs that would simply
generate all legal moves to a flxed depth, then evaluate the flnal
poslition onty with respect to materlal. Such programs would be very
small and would have a transparent control structure, so It would bhe
easy to reprogram them for faster computers as they become avallable,
This type of program would need about a factor of 7 In computing speed

to go each additional ply deepar in the same time, Since this speed
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Increase Is not unreasonable for (sav) a decade o©f computer
technology/ a "technolcgy program" would provide an Increasing
baseline for chess programming against which more sophisticated
programs could be compared; that Is, In order to Jugtify the effort of
bringing up a ccmplex program, that program must be akle to beat a

technology program.

Initial experiments Indicated that this baste design does nct
produce a useful basgseline, sgince the standard cof play Is low for any
reagscnakble depth ¢f search. In practice, the problem Is that before
anything tactical (i.e. discoverable by changes In material) happens,

the prcgram has a hopeless pcositicnal disadvantage In terms of future

opportunities. This type of program also makesg tactical Dblunders due
to evaluating at non-guiescent positions, although this effect
decreases with Increasing depth. {(dn example cf the play of this type

of program Is given In the appendix, game kL  White Igs played by a
technolegy-type program which uses nc positional analysis but which
has a limited knowledge of quiescence, and Black Is played by the full

prcgram described In this paper.)

Ccnsequently a more useful definition of & Technology program was
scught. To be a useful benchmark the program should take only a Zfew
man-menths to Implement; therefor It must have a gimple structure.
The gearch should depend primarily on brute force, rather than on
chess-gpeclfIc heuristics; hence It probably cculd not afford forward
pruning, which reguires substantial analysis at each position. A

reascnakle limitation wmight e 5% or less CPU time spent on



Page 3

chess»speclfle heurlstles.

A program, TECH, has been developed which conforms to this less
restrictive definition of a technology program. TECH was concelved In
October 1970 and played Its first complete game In November 1970, In
March 1971 TECH beat a 1968 version of the Greenblatt program(*) with
White and drew with Black. TECH Joined the U, S. Chess Federation
In May 19871, and has =lnce pltayed 21 USCF rated zames (see Table 1),
In Ahnust 1971 TECH won the second place trophy in the ACM=-sponsored
Second Annual Computer Chess Champlonshlp , placling behind Chess 3.5
(the defending champlon, written by Slate, Atkin, and Gorlen) and

ahaad of six othar prosrams,

TECH Is written In BLISS(x«), a system Implementation language
develnned at Carnexie-Mellon Universitv, BLISS was chesan hanguse (1)
the languase was designed to ylald efflrlant obiect code, and  (2) It
s a higher=-level Jlaneryage, and thus more legible than assemblv
Yanwuage, TECH currently runs ona PDP~10.

----------------------------- - R A SR AR AR RN b e 28R

(=) Several verslons of the fRreenblatt brogram are avallable through
DEC and others, The verslion used Is somewhat ldentifled by thas fact
that teletype input Is In lines moda and the prompting character |Is
"«"_ the tournament setting was used: SETW 15 15 9 9 7.

(we) Wulf, W, A., et al,, BLISS Raeferance Manual, Plttsburgh:
Computer Sclence Department, Carnegle~Mellon Universtity, 7 Apr 1971,
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This paper is an attempt to describe a technology program (TECH)
in sufficient detail for others to build a similar program and compare
its performance with TECH's, Several samnle gcames are appended to

demonstrate the level of play that can be achleved.

Design

The move production mechanism consists of two maln parts:
positional and tactical analysis. The portions of the tree affected
by these components are shown In Flgure 1. The positional analysis
routlne pre-<orts the moves at the top level (ply=l} so that the move
which has the best superficial positional score Is considered flirst,
No tactlcal considerations are Included In the poslitlonal analyslis.
The tactical analyzer ls a brute force tree search which Investlgates
all moves to a fixed depth, applies a simple auiescence scheme, then
evaluates the flnal positfion using material as Its only eariterion,
Alpha-beta wll1l accept the first of a group of materially equal) best
alternatives; the positional pre~-sort ensures that the first of these

alternatives wlll also have the hlghest superflclal positional value.

In addlitlon to Invoking the move production rocutine, the
supervisor controls wutilization of the time when the opponent Is
planning his move (TECH Is the only program so far which does thls),
TECH uses a 2 ply search to guess lts opponent's move, then begins

calculating Its move on the basls of that assumption. |If the opponent




Table 1 : TECH's USCF«ratad events

Date Event Rounds Points
May 1971 Golden Trlangle Open 5 1.5
June 1971 Fred Thompson Memor ial 5 2,0
Fall 1971 Walled Knlghts Open k 1.5
Sept 1971 Plttsburgh Industrial League 2 1.0
gct 1971 Gateway 0Open 5 2.0
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makes the expected move, TECH will print Its reply Immedlately If
finished, or continue the computatlons. The supervisor also gathers
statlstics on timing and on the size and shape of the tree, and
controls the interface between the program and the operator, e.g. by
recognizing and printing standard English notatlion, considering draw
offers, setting up problem poslitlions, and saving the current program

state,

Tactical Analyslis

The heart of the Technology Program s the brute force search, or
tactical analysls component. All moves are searched to a flixed depth
(usually five ply In the middle game), after which qulescence |Is
approximated by Investigating all sequences of captures. Even using
alpha-beta, thls search strategy can result In as many as 500,000
bottom positions In a move analysis tree under tournament conditions,
which means that TECH looks at many more positions than other programs
In a given amount of time, By way of comparison, the Raymond/Ridley
program which took third place at the Second Annual Computer Chess

Championship looked at less than 100 bottom mositlions on each move.

This speed ls achleved by using a simple terminal evaluation
function and effliclent move generatlon, Most chess nrograms use a
terminal evaluation function which Includes material, king safety,

pawn structure, development, and many other terms; TECH's terminal
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evaluation function Is simply the wvalue of TECH's material minus the

onconent's material.

Potential legal moves *re generated in the usual way/ I.e. by
adding offsets to a piece's location on the board/ which Is
repregented as a 120-word wvector (see Fig. 23 . For example/ the

rctentially legal moves for a knight on White's QR3 ar* obtained by
adding the offsgets 8/ 12/ 18/ 21/ -8/ -12/ -1% and -21 to square ki1
and testing the contents o©of those cells. If any of the resulting
moves Is Illegal (moving Into check/ moving a pinned niece) they will
e eliminated by the tree szearch when It nctices that a king can be
captured. Since thig Ig a relatively rare occurrence/ a congiderable
saving of time Is achieved by nct checking absolute legality of

potentially legal moves.

The tree Is represented as a stack of sgsingle words which c¢ontain
the Information necessary to travel up and down the tree (see Fig.
3) . Two types of positions are represented by each word In the tree/
distinguished by kit 35: those pogitiong whose successorsg have been
Investigated/ and those whose szuccegssors have not. (zee Fig. k) The
stack Is Initialized Dby ©pushing the positicnally sorted top-level
moves onto the tree sgo that the best move will be popped first. This
move Ig marked In bit 35/ the move Ig executed/ and Itg succegsgorg are
generated and pushed onteo the <tree. When a bottom posgition Is
reached/ It Ig evaluated and the value Ig backed up by mlnlmaxlng
until the next unevaluated position Is reached. The successors of

that node are then evaluated.



110 111 112 1135 114 115 116 117 118 119

110 7 7 7 7 7 7 7 7 7 7 119
100 7 7 7 7 7 7 7 7 7 7 109
90 7 ~4 =2 =3 «5 =«6 =3 =2 =4 7 99
80 7 =1 ~«1 ~1 =1 =1 =1 =1 =] 7 89
70 7 0 0 0 0 0 0 0 0 7 79
60 7 0 0 0 0 0 0 0 0 7 6%
50 7 0 )] o 0 0 0 0 ¢ 7 5%
&0 7 0 0 0 0 0 0 0 0 7 LS
30 7 1 1 1 1 1 1 1 1 7 39
20 7 iy 2 3 5 6 3 2z b 7 29
10 7 7 7 7 7 7 7 7 7 7 1%
0 7 7 7 7 7 7 7 7 7 7 9
0 1 2 3 4 5 6 7 8 9

Figure 2: Inltlal board representatfon
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Figure 3: Tree word bit altlocations




‘ ENTRY- '

Positional sort of top level maves.
Push them on the stock.

Pap

the Stack

Successors

evaluated
?

Generate and push
all legaf moves or
oil legal coptures

depending on depth

alpha-beta
prune

Evaluate
bottom
position

Back up minimax value.
Update principai variation

C

Best move is in
principal variation

Figure 4: Tree Discipline




Page 7

For the sake of efficiency moves are retracted while traversing
the tree, rather than recopying the previous position at each point.
The value of materlal is incremenfally updated only when a capture s
encountered, so¢ that the termlnal evaluation function consisists of
the single BLISS assighment statement "ASB(,PLY)}& MATERIAL;"., (AR s
a vector which contains the best value so far at each level. AB
stands for Alpha-Beta.} The basic plece values are P=100, N=B=330,
R=500, (=900, and K=15000, These values can be modlfied for one side

by the positional analvsls.

The efflclency of alpha=beta is greatly Increased I[f the best
movas are considered first{«}, Since the refutation of a bad move is
often a capture, all captures are conslidered flrst in the tree,
starting with the highest valued plece captured, This Is an
inexpensive process, since captures can be recognized and sorted
during move generation. The killer heurlstic is also used: if a move
is a refutation for one line, it may also refute another line, so It

should be considered first If it appears In the 11st of lega! moves,

- A OGN A GE A O W RS W N W W VR B R A S A e vk - el e U R AP R ol SR A an e O Gr mR Ny NP AR AP e RS A W D W AR N NS

(*) Slagle, J. R. and Dixon, J. K. "Experiments with Some Programs
that search Game Trees," Journal of the ACM, Vol. 16, No 2, Apr 1969,
pp. 189-207,
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Positional Analysis

The soul of the Technology Program 1{is 1In the positional
presorting routlne. This contains nearly all the chess~specific
heuristics used by TECH, When wused with the tactical search, it
almost always can achleve a strong opening, even agalnst players and
programs which use a book. Although TECH does not use a book of
openings, it follows standard opening play very closely (see Appendix,
game C), TECH recognlzes five phases: opening, middle game, engame
with pawns, general endgame, and endames where TECH must mate with
pieces only, Remember that all the heuristics described in this

section are applied only to the moves at the top level of the tree.

In each phase TECH will readjust the piece values given 1In the
previous section If necessary. Specifically, if TECH is ahead by 200
points (2 pawns) or more, the new value of a piece (not a pawn) is

computed by the formula

new value ¢ oldvalue * max (.6, opponent's material/TECH's material).

This encourages TECH to exchange oleces when ahead by making 1Its

pleces worth as little as 60% of its opponent's pieces,

After the opening phase TECH will also adiust its =»ximum depth
for the next tactical analysis by comoaring the average amount of time
per move available before the next time control with the Aaverage
amount of time used on the last flve moves, [If it hae *alan too much

time, 1t decreases the deoth., 1f It has taken enough time 1less than
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th~ allotted amount it Increases the depth, |t neads a factor of 3 to
go up from an even Adepth to an odd one, and a factor of about 7 to o

from an odd denth to an even one,

1. Opening

The opening is defined to be the first elght moves. The mast
important heurictic 1In the opening avaluation is occupation of the
renter. Each square on the bhoard is welehted with A deslrabllity
value ranging from 0 points for the corner< to & points for the center
(Fig. 5). Each move represents a net zain or loss of centrality,
For exampnle, N-KB3 would yield a galn of S points in centrality. This
s multiplied by the priority factor for the piece to move: P=1l, N=u4,
B=3, R=2, Q=1, and K=s=1, Thus N=KB3 would have a final score of 20
points for centrality., Motice that the king 1is encouraged to move
away from the center in the opening, since its center=-tropism factor
Is nepative. This heurlstic alone dictates a very reasonahle opening

with rapid development.

Each move is glven a final positional score of the centrality

term plus the‘va!ue of each of the following heuristics which applies

to It:
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Pawn from K2 toc Kk 30 pcintg

Pawn from K3 to Kk 2 points

Pawn from Q2 to 20

Pawn from Q3 to QK 2

0-0 ¢ 30

0-0-0 : 10

N-R3 : -15

Piece to K3 or Q3 blocking a pawn : -50
Piece moving from king side : 2

Playing Petroff defence : -50

Capture with pawn toward center : 5
Capture with pawn away from center -5
Pawn capture leading to multlpled isolated pawns : -10
Wing pawn advance : -10

Capture unsuppcerted center pawn : 5Q
Capture supported center pawn : -15

2. Middle Game

The middle game beging with the ninth move and c¢ontinueg until
one side has less tham 1950 pcints worth of material, excluding the
king ({each side has kk20 In the Initial position}). The center control
heuristic Is still used, but the priority <factcrs are slightly
altered: P»3, N«i*, B»3, R*2, (Qxl, and K«l. Since mcst pileces have
found their ©best sguares by the middle game, thig factor has legsg
Influence than In the c¢pening. Each move Is credited with a mobility
term, which Ig the number cf potentially legal meoveg availlable after
the move Is made. Movement of a piliece Intc the opponent's king field
(see Fig. &) Is rewarded In the same way as the center control
heuristic, and the net gain Is again multiplied by the pricrity £for
that piece. This heuristic o¢ccasiconally results In a king-side

attack.

The pawn heuristics are the same as In the c¢pening, except that

advances cf wing pawns get -5 1instead cof -10. Castling wvalueg are the
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same as in the opening, [If TECH is ahead In material, plece captures
get 10 polnts more. Moving a plece which blocks the KBP or QBP is

rewarded with 5 polnts,

3. Endgame wlth Pawns

The most Important goals {In pawn endgames are advanclng and
blocking passed pawns. -Each move [s credited with the net gain in the
passéd pawn fleld shown in Flgure 7. This allows TECH to escort the
pawn (if 1Its own) or block it {If the opponent's). The king fleld

(Fig. 8) and center control arrays are used only for kling moves,

Pawn moves are weighted by the rank of their destlinatlon and by
whather they are opposed!

Rank Opposed Unopposed

3 2 3
b4 1 5
5 3 10
B 4 13
7 - 23
8 - 80

If TECH has multipled pawns on a file, only the first s glven this

bonus; the other pawns lese 10 points,

4. General Endgame

As in the pawh endgame, TECH's maln ecal [s to promote, The
pawns are glven the same welghts for advancling as in the precedine
section. The material value of a pawn [s ralsed from 100 to 120; If

TECH has 2 or less pawns, they are worth 190 each. A move which
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Figure 8: Pawn endsgame king fleld
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9 10 K 10 9
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g 10 9 10 8
4 5 6 5 &

SV E

Figure 10: Plege endgame %ing flald
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places a rook behind a passed pawn of either color is rewarded with 16
polints, The crenter control term uses priorities of P=a0, N=L, R=3,
R=1, Q=1, and K=&, This encourages the king to centralize. TECH also
uses the king fleld mask (Fig. 9) to minimize the distance between
kines, As In the middle game, the mobility is added to the score for

a move,

5. Endgame with Pieces

Unllke the other forms of endgame, TECH's goal In the endgame
with pieces 1is to drive Its opponent's king to the edge In order to
deliver mate, This Is achleved by doing a small (2 ply) tree search
and using as an evaluatton function:

(1) -32+ opponent’s king location on the center control fleld

(Fig. 5)

(2) 2+ opponent'’s king location In TECH's king fileld (Fig. 10)

(3) TECH's king location on the center control field, and

{(4) the sum of TECH's piece 1locations 1In TECH's king fleld

divided by the number of TECH's pleces (to keep pleces near the

king as a tiebreak).
This method of forcing the king to the side of the board 1is due 1in

part to Slate, Atkin, and Gorlen (authors of Chess 3.5).
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Statistlies

in order to assess present and future Implementations of
technotogy programs, It Is necessary to determine how much effort Is
required to search one ply deeper, and how mueh better an n+l-ply
program Is than an n-ply program, Statistics are presented In this
section to shed VYight on the former question, but the latter dquestion
has . not yet been settled. To get the statlistics, every fifth move of

each of TECH's tournament games was analyzed at depths of 2, 3, 4, and

5 ply.

One measure of search effort used frequently In the llterature is
the number of bottom positions (NBP) In the tree(*), shown In Flgure
11, As Slagle and Dixon's results Indicate, the factor requlred to go
from even to odd ply (about 8 In this sample) is larger than that
raquired to go from odd to even (about 4). However, NBP Is not a good
measure of effort for TECH, since the amount of time spent processing
bottom positlons Is negligable compared to the cost of move generation
to arrive at those bottom positions, The CPU time (Flgure 12) and the
number of move generatlions (Figure 13) each show less effort to go
from even to odd ply {about 3,5) than from odd to even (about 7). Al
the CPU times are inflated by about 10% due to the overhead of
gathering statistices,

v ey S skl gk ek ek b S b sk i e ol b e b o o R

{») Stagle, J. R, and Dixon, Jd. K., op. clt.
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The following figures will be useful In comparing diffarant
technology programs:
PDP=10 cycle speed: 1 microsecond
TECH legal move generation
(all potentially legal moves): 8000 microseconds

Board updating (making or retracting moves) : 1300 microseconds

TECH spends Its time as follows:
Legal move generatlon: 50%
Tree managemeéent 1 2R%
Board updating : 17%
Positional analysis : 1%

Evarything else t b3

The Future of Technology Pragramming

The experfence galined from TECH suggests other types of programs
within the "Technology' framework., For example, It would be posslible
to expand greatly the positional module, speciflcally including the
basic endgames and allowing a deepar positlonal search, Some effects
of the positlional search could also be iIncluded directly In the
tactical search, so that without additlonal computation the program

could sacrifice a small amount of material for slgniflcant poslitlional

advantages,

TECH Is now close to Its flnal form. Some of the planned minor
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modifications are Implementation of Greenblatt's secondary search
scheme (*), variable individual piece values (to distinguish between
"eood bishops" and "bad blshops", for example), and a method of doing
some incremental positlonal updating within the tree. A major smoal is
to get a firm USCF rating for the current conflguration, so the
technoloey basellne would be establishad, TECH's current rating Iis

1147 based on Its first tournament.

VThe future of chess programming 11es with nrograms that {(untike
TECH) have some underctanding of chess, and which do a restricted,
gzoal=nriented search, TECH's main lImlitations (no olanning ability,
no deep positional knowledre) seem to he Inherent In the concent of a
technolory program, However, the ~oal of TECH Is to be a wuseful
benchmark for chess programming, rather than to become the world's

hest chess plaver. In this respect TECH seems *“o aulte successful,

{(*) Grernblatt, R., Eastlake, D. and Crocker, S. "The Greenblatt
Chess Program, Proc., AFIPS FJCC 1967, pp. 801-810.
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Anpendlx

Annotations by Hans Barliner

Game 1: COKO 11l vs TECH, Second Cnmoutar Chess Championship

rOKO 111 TECH COKO 1t} TECH

1. P=Ky P=Ki 21, R-QB5 N=K3

2, N=KB3 N~QB3 22, B=-QB1 P~QB3

3. B~QBY4 N-kKB83 23, P~Qu R(QR1)=K1?7?(H)
4, P=-Q3 (A) P=QL 24, RXP(X5) 0«KN3

5. BXP? (B) NXB 25. RXR QxR

6, PXN axp 26, Q-KB2 =K3

7. N~QB3 B=QN5 27. =Bl R=B4

8. 0=0 BXN 28. P=-KRL pP=B4t (1)

9, PXB 0=0 29, P=Q5 Q-Q3
10, N=KNS B«KBb4 30. Q-KR3 0=-Kb
11. R=QN1 P=KB3 (C) 31, 0-KB1 OXBP
12, P=QBY ~QBL 32. P=Q6 0=-Q5! (J)
13, N-KR3?? (DY BXN (E) 33, Q-K2 axqprP
14, B=K3 N=Q5 ! 34, O=K8 CH R=KB1
15, PXB Q=-0B314! 5. Q=-QRL R=-KBA4
16, P=-QB37? N=B6 CH 36. Q=K8 CH R=KB}
17, K=R1 N=0Q7 CH! 37. Q=QRL Q~K3 (K)
18, P-KB3 NXR/KB1 38. Q=0ON3 Q-K7!! (L)
19, QXN P=-KBL (G) 39, P«KR3 R=Q1 (M)
20. R~(ON5b P=KB5 L., BXP R=Q8 CH

resligns

(A) A passlve move which glives up any hope of advantage.

(B) PXP was necessary. Now Black obtalns a domlnant positlon,
(C) Black has attalned a flne position by maklng only simple classical

developing moves,

(D) White should continue with B-K3 and then bhring the N back to

The text results in a terrible weakening,

(E) A stroke of fortune,.

evaluating function, but selects this move because of K proximity.

(F) Again serendiplity.

Q (It

the threats on the diagonal are not part of the evaluation.

is necessary to move It to avold material

TECH does not recognize doubled P's

Is computed to be the best square for the

loss due to P-QB3) and

Now
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or P-KB3 had to be played.

(G} Correctly pursuing a pollcy of gainlng spaca, but on the next mové
P=X5 is better,

(H) This loss of a P was later found to be the result of a program
bug, and makes things difftcult, Simply PXP wins,

(1Y It is Tnteresting that thls important strateglc break comes as a
result of the poslitlional heuristics, since there Is no material galin
involved,

{J) Now Hhite Is clearly lost., It is only a matter of time.

(K} The position repetition mechanism asserts itself in order to
replace the favored R-B4 by a previously untrled move,

(LY A truly great move, Instead of the "obvilous" {to humans) Q=-K8ch
which wlins the B, TECH recognizes the mate in 1 poessiblllty and
prefers Q=K7 to Q-K8ch, slInce It Is more centralizing and the threat
to win the B doces not go away.

(M) Now TECH sees [t can win the Q and does so, which leaves it In a
sTtuation that it can readily convert to mate, Actually a mate was
possibie by 39, ... Q-88ch, 48, K=R2 R~Kl threatening both R=K7
mate and Q-B7ch followed by R-K8 mate, both of which cannot be

answered; but thils is outside TECH's horizon,
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Game 2: TECH {(depth 4) vs David Levy, International Master
Played 29 July 1971 at Carnegie~Mellon University.

TECH Levy TECH Levy

1. P-K4 P-Q3 21. R=K3 N=05

2. P-Qh N-KB3 22. N/2-Kh R/R1-01
3. N=QB3 P~KN3 23, K=KR1 (D) BXN (E)
b, N=-¥B3 B~KN2 24, RXB 19,4414

5. B~3 -0 25. RXP R=-Q3

6., O=0 P=-QB3 26, N~Kb (F) axa

7. RK3 aQN=Q2 27. NXQ NXP

8. @-Q2 P~QNY 28, NXP R=-Q5 (G)
9. B=KR6 N=QN3 79, N=K5 RXBP
10. BXB KXB 30. RXRP RXPI
11. N=KN5 N=0BS? (A) 31, RXP CH?? (H) RXR
12, BXN PXB 32, R-01 N-K6
13, P=KBu! R~0ON1 33, R-QB1 R/B2=-B7
14, P=KS! (B) N=K1 34, N=Q3 R/N7=B?
15, PXP? (C) NXP! 35, R=R1 RXNP
16, QR-N1 B=KBb4 36. R~QN1 RXP CH
17. P=Q5 P-QB4 | 37. K=N1 R/B7=KN7 MATE
18, R-KB3 P«KR3
19, N-KR3 Q~Rb
20. N-B2 N=NbL

{A) Better Is 11. ... P=KR3.

(B) White has built up a formidable position by very simple means, It
is significant that White has avoided playing P=-KS5 prematurely when It
would have resulted in a weak pawn, but has walted for the mamentl of
maximum effect, Credit the heuristics whleh encourage full deployment
of pieces before undertaking anything adventurous,

(C) A bad mistake due to a programming misunderstanding, The simple
QR~N1 leaves White In command, Now Black's game has been freed and
White caves in to hls opponent's superlor abllity.

(D) White sldestaps the dangerous N=-B6ch in one wvarlation, but his
game is posltionally hopeless.

(E) 23, ... R=N2 flrst Is bettar and would win a pawn.

(F) Q=K3 could have given rise to a dangerous counter-attack. But

this involved more judgement than the program Is capahle of.
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(G) Finally Black wins a P and for practical purposes ends the game.
(H) This error s due to the qulescence mechanism which only
Investligates captures but not checks. The program thought the main

line was 31. ... RXR, 32, RXR and saw no danger in the wmove R-BS§

{mate).
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Game 3: GENIE wva TECH, Second Annual Computer Chess Championship

GENIE TECH

1. B-KOU P-Kl»
2. N-KB3 N-QE3
3. B-0QNG N-KB3
U. 0-0 B-QB«*
5. N-0B3 B-03
6. P-QU PXFE
7. NXP B-Q2
8. N-KBS 0-0

. B-XN5 N-KU (&)
10. N-QRU BXB
11. NXB BXR

and TECH eventually wont*

(A) White has achieved a significantly superior posgition. However
this was accomplished Ly following a pre-stored "book wvariaticn.
TECH has stayed In the "beook" by making moves zelected by Its opening
heuristics package. It Is significant to note that this heuristics
package Is good encugh to generate a "gtandard" line of play/ and that
a program that zrelies on pre-stored variaticns of this type freguently
(e Is the case here) makes a mistake as soon as the game departs from

Its pre-stored knowledge.
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TECH without positional analysis vs TECH

(Both with 4 ply search plus quiescence)

11.
12,
13.
1L,
15,
16.

(A)

WITHOUT
P-KR3
N=QR3
N~KB3
P=K3
P-KN3
N-QN5
P=-QRYL
B=-KN2
P=-KRU
R=KR2
R=0N1
B-KB1
RXN
N=KN5
NXR
KXB

WITH
P=Kl
P~Qb
N-QB3
N-KB3
B=QBY
0-0
B~KBY
N-K5
R=K1
R~K3
N=-QN5
NXKBP !
BXBP
BXQ
PXN
QK2

(A)

17,
18.
19,
20.
21,
22,
23‘
2u,
25,
26,
27.
28.
29.
30.
31,

Wil THOUT
B-K2
RXR CH
P=KR5
P=KNL
P-Q3
B=KB1
BXP
B=-0Q2
N-QR3
BXB
K~QB2
K-QB3
K=Q8h
K-QB5
N=QBL

Preparing a rather clever combinatfion

been repelled by 12,

(8) The advantage of the heurlstics package which presorts

P«Q3,

WITH
R=KB1
KXR

P~K5
Q=KR5
PXPI
Q-KB71!
NXB
P-QB3
BXP

QxB

K-K2
P-05 CH
NXP CH!
Q-0QB6 CH
OXN MATE

could however

the

have

moves

at the top of the tree can be very clearly seen from this example,
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