Appendix
CHESS 4.5:
Competition in 1976

Peter W. Frey

Northwestern University

The Northwestern chess program entered two tournaments in 1976. The
first was the Fourth Annual Paul Masson American Chess Championships
held in California on July 24 and 25. The second was the Seventh Annual
ACM Computer Chess Championship held at Houston on October 19-21.
The same version of the program which had competed in the 1975 Na-
tional Computer Chess Championship at Minneapolis (see Chapter 1) was
entered in both tournaments. In 1976, however, the program was run on
a more powerful computer, a large scale Control Data Cyber 170 system.

These tournament games are of interest for two reasons. First, it is
worthwhile to determine if the quality of play improves by a significant
amount when a chess program is run on a more powerful machine. Second,
both tournaments involved competition against human opponents. The only
previous games for CHESS 4.5 against a human opponent were those
against David Levy at Minneapolis (see Chapter 1).

The Paul Masson American Chess Championships

CHESS 4.5 was entered in the B section of the California tournament. It
played against 5 human opponents with USCF ratings ranging between
1693 and 1784. The program had a perfect 5-0 score. Nobody was more
surprised at this outcome than the authors, David Slate and Larry Atkin.
They have consistently maintained that the program is about C class in
strength. One of the human opponents at the Paul Masson tournament
remarked that the program was the “strongest 1572 player that he had
ever seen.” Three of the games from the California tournament are pre-
sented.
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Paul Masson, Round 1

WHITE CHESS 4.5 BLACK Neil Regan (1693)

1. P-K4 P-QB4 2. N-KB3 N-QB3
3. P-Q4 PxP 4. NxP P—KN3
5. N-QB3 B-N2 6. B-K3 N-B3
7. B-QB4 Q-R4 8. 0-0 0-0
9. N-N3 Q-B2 10. P-B3 P-Q3
11. N-N5 Q-N1 12. Q-K2 P-QR3
13. N-B3 B-Q2 14. P-QR4 N-QN5
15. B-N6 Q-B1 16. N-R5 N-B3
17. NxN QxN 18. P-R5 R/R-B1
19. B-Q5 NxB 20. PxN Q-B5
21. QxP/K7 B-N4 22. QxP/Q6 B-Q5+
23. BxB QxB+ 24, R-B2 R-B3
25. Q-R3 R-B5 26. R—Q1 R—K1
27. RxQ R-K8-+ 28. R-B1 RxR+
29. KxR RxN-+ 30. K-B2 RxQ
31. PxR Resigns

WHITE Wesley White (1742)

Paul Masson, Round 4

BLACK CHESS 4.5

1. P-K4 N-QB3 2. P-Q4 P-Q4
3. P-K5 P-B3 4. P-KB4 B-B4
5. N-KB3 P-K3 6. P-QR3 N-R3
7. B-Q3 PxP 8. P/BxP B—K5
9. 0-0 BxN 10. RxB NxP/Q5
11. B-N6+ PxB 12. QxN P-B3
13. Q-Q3 N-B4 14. P-KN4 B-B4+
15, K-B1 N-R5 16. P-N4 NxR
17. QxP/N6+ K-Q2 18. PxB Q-KB1
19. B-B4 RxP 20. N-B3 NxP/K4
21. Q-N5 N-B2 22. O-N6 R-R8+
23. K-N2 RxR 24. N-K2 RxP/R6
25. N-Q4 R-K1 26. P-N5 N-R1
27. NxP/K6 RxN 28. Q-R7 QxB
29. QxP+ R-K2 30. QxN R-K7+
31. K-R1 Q-KB8 Mate

Paul Masson, Round 5

WHITE CHESS 4.5 BLACK Herbert Chu (1784)

1. P-K4 P-K3 2. P-Q4 P-QN3
3. N-KB3 B-N2 4. N-B3 B—-N5

5. B-Q3 N-KB3 6. B-KN5 P-KR3
7. BxN QxB 8. 0-0 P-KN4
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9. 0-Q2 N-B3 10. P-QR3 B-K2
11. N-N5 B-Q1 12, P-K5 Q-N2
13. QK3 P-R3 14. N-B3 P-N5
15. N-K1 B-N4 16. P-B4 B-K2
17. P-B5 PxP 18. BxP/B5 NxP/Q5
19. BxP/Q7+ KxB 20. QxN-+ K-B1
21. N-Q3 K—N1 22. Q-Q7 Q-N4
23. RxP/B7 Q-K6+ 24. K-R1 B—Q1
25. QxP/N4 K-R2 26. P-K6 B—N4
27. R—K1 R/KR-KN1 28. RxQ BxR
29. R-N7 R/R-KB1 30. P~KR4 Resigns

ACM Computer Chess Championship, 1976

At Houston, the annual battle between computer programs followed a
familiar script. At the end of the first three rounds, two programs had a
perfect 3-0 record. One was CHESS 4.5 and the other was CHAOS. Both
programs were running on powerful machines: CHESS 4.5 on an advanced
CDC Cyber 170 system at Minneapolis and CHAOS on an Amdahl com-
puter at the University of Michigan.

ACM, 1976, Round 4

WHITE CHESS 4.5 BLACK CHAOS

1. P-K4 P-QB4 2. N-KB3 N-QB3
3. P-Q4 PxP 4. NxP N-B3
5. N-QB3 P-K3 6. NxN P/NxN
7. P-K5 N-Q4 8. NxN P/BxN
9. B-Q3 P-N3 10. O-O B-KN2
11. Q-K2 B-N2 12. P-QN3 Q-K2
13. P-QR4 Q-N5 14. B-R3 Q-B6
15. P-B4 P-B3 16. B-Q6 P-B4
17. P-R5 K-B2 18. Q-B2 B-KB1
19. BxB R/KRxB 20. QR4 Q-B4+
21. K-R1 K-N2 22. P-QN4 QxP/N5
23. R/R—N1 QxP/R4 24. RxB Q-R5
25. B-N5 Time Forfeit

During the tournament, CHESS 4.5 played several “blitz” games against
interested spectators. Special rules were adopted. The human player had
5 minutes of clock time for the entire game. The machine was set to average
5 seconds of computation time for each move. In tournament play, the
machine usually averages about 80 seconds per move. If the human player
had not exhausted his 5 minutes by the 60th move, he automatically won.
Two of these “blitz” games are presented below.
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ACM, 1976, Demonstration

WHITE Englebretson (2039) BLACK CHESS 4.5

1. N-QB3 N-QB3 2. P-K4 P-K3
3. P-Q4 P-Q4 4. P-K5 P-B3
5. P-B4 Q-Q2 6. N-B3 Q-B2
7. B-N5 P-QR3 8. BxN+ PxB
9. 0-0 R—N1 10. Q-K2 N-R3
11. K-R1 B-K2 12. PxP QxP
13. N-K5 R-N3 14. Q-R5+ N-B2
15. B-K3 RxP/N7 16. NxP/B6 RxP/B7
17. NxB KxN 18. N-R4 N-Q3
19. N-B5 N-B4 20. B—N1 NxP
21. BxN QxB 22. N-N3 Q-B3
23. R/B-K1 QxP 24. R—-KB1 R-KB7
25. BxR QxR 26. Q-N5+ Q-B3
27. Q-N3 P-K4 28. R—QB1 P-B3
29. P-KR3 R-B1 30. N-R5 B-Q2
31. Q-R3+ Q-Q3 32. Q-KN3 K-B2
33. N-N7 Q-K2 34. N-B5 P-K5
35. NxP/R6 K-N1 36. R—K1 P-B4
37. N-B7 P-Q5 38. N-Q5 Q-K3
39. N-B4 Q-QB3 40. N-R5 Q-KN3
41. QxQ PxQ 42. N-N3 P-Ké6
43. K-N1 R-K1 44. K-B1 P-Q6
45. K-N1 P-Q7 46. R-Q1 B-R5
47. R—N1 P-B5 48. N-K2 B-B7
49. R—R1 P-Q8=Q+ 50. RxQ BxR
51. N-B3 P-K7 52. NxP RxN
53. P-QR4 P-B6 54. P-R5 P-B7
55. P-R6 P-B8=Q 56. P-R7 Q-B3
57. P-R8=Q+ QxQ 58. Resigns

ACM, 1976, Demonstration

WHITE  Brieger (2131) BLACK CHESS 4.5
1. P-K4 N-QB3 2. P-Q4 P-Q4
3. P-K5 P-B3 4. P-KB4 B-B4
5. P-KN4 B-KS5 6. N-KB3 NxP/Q5
7. NxN BXR 8. P-K6 P-QR3
9. B-03 P-QB4 10. P-N5 Q-03
11. Q-R5+ K-Q1 12. Q-B7 K-B2
13. N-B5 Q-N3 14. N-N3 B-B6
15. N-B3 PxP/N4 16. PxP/N5  P-Q5
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17.
19.
21.
23.
25.

B—KB4+
NxB
Q-B5
Q-Q5
Q-Q7

K-B3
QxP
K-B3
Q-N5+
PxP

18.
20.
22,
24,
26.

B—K5

R-Q1
Q-K4+
K-K2

Time Forfeit

Appendix

B-Q4
KxN

K-N3
P-R3
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Second Appendix
CHESS 4.5 and CHESS 4.6:
Competition in 1977 and 1978

Peter W. Frey

Northwestern University

Early in 1976, there were very few knowledgeable individuals who would
have wagered that a computer chess program could hold it own against a
strong human player (USCF rating above 2000). Slate and Atkin, in partic-
ular, estimated the strength of their program at this time to be about 1800 on
the USCF scale. Although it is no small achievement to develop a program
which can play at this level, a rating of 1800 is not particularly impressive
in world-class chess. This level of skill is clearly inconsistent with the claim
that a machine will soon be the world champion.

In the last two years, improvements in the program and the availibility
of more powerful computing equipment have led to a reassessment of
machine chess ability. After a period of high expectations and relatively
little progress in the early 1970s, these recent developments are quite en-
couraging. The first signal came in July, 1976 when CHESS 4.5 won the
Class B section of the Paul Masson American Chess Championship in
California. The message became louder in February, 1977 when CHESS
4.5 won the 84th Minnesota Open Tournament against expert and high
Class A players. One of the games in particular demonstrated that CHESS
4.5 could play an entire game of reasonably good chess. The game with
Charles Fenner, in fact, was one of the best games ever played by a
computer.

84th Minnesota Open, Round 2
February 19, 1977

WHITE CHESS 4.5, BLACK Computing
CYBER 176 Charles Fenner (2016) Time

1. P-K4 P-QB4 Book

2. N-KB3 P-K3 Book
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20

21,
22.
23.
24.

24.
25.
26.
27.
28.
29.
30.
31.
32,

96 seconds per move average

©E®NO U AW

P-Q4
NxP
P-QB4
B-Q3
0-0

. N-N3
. N-B3
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

B-N5
BxN
Q-K2
K-R1
P-B4
QxN
R/BR-Q1
P-KB5
P-N3
PxP
RxP
QxP/3
PxP
RxQ
N-Q5

N-N6+
RxP/7
RxB+
R-QB8+
PxR
K~N1
N-Q5+
N-R5+

PxP
P-QR3
N-KB3
Q-B2
B-B4
B-R2
N-B3
N-K4
PxB
P-Q3
B-Q2
NxB
0-0-0
B-B3
B-N1
P-KR4
P-R5
PxP/6
R/Q-N1
QxP
RxQ

Fenner offers a draw, 4.5 declines

B-K1
K-Q1
B-B3
K-B2
RxR
BxP+
R—KR1
K-B3
Resigns

Appendix

Book
Book
Book
Book
110
67
64
83
128
59
47
59
345
99
95
99
62
71
88
67
161
197

67
266
67

102
269
173
204

In March, 1977, Donald Michie attempted to set up an official match

between CHESS 4.5 and David Levy to determine if a computer was cap-
able of defeating the International Master. If Levy lost, Kozdrowicki,
Michie, McCarthy, and Papert would be able to collect on their famous
wager. If no program beats Levy by September, 1978, then Levy will col-
lect. Although Slate and Atkin were not optimistic about their program’s
chances, they consented to the match and David Cahlander arranged for
the CYBER 176 to be available at Control Data headquarters in Minne-
apolis. The match was held on April 1, 1977 at Carnegie-Mellon Univer-

sity in Pittsburgh.
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WHITE CHESS 4.5,
CYBER 176

P—K4
N-KB3
P-Q4
NxP
N-QB3
P-B3

. B-K3
Q-Q2
B-QB4
10. NxN
1. 0-0
12. P-B4
13. B-K2
14. P-QN3
15. P-QR3
16. P-QN4
17. P-B5
18. B-R6
19. K-R1
20. QxQ
21. R-B3
22. BxB
23. R—QN1
24. R/3-B1
25. R/N-Q1
26. P-QR4
27. P-N5
28. PxP/5
29. R-Q3
30. R-N3
31. R/1-B3
32. P-R4
33. PxP
34. R-K3
35. P-R5
36. N-Q5
37. R-QR3
38. PxB
39. B-Qt
40. K-R2
41. B-N3
42. BxQ
43. R—K3 and resigns

PND U WN

©

122 seconds per move average
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Levy Challenge Game

April 1,1977

BLACK David Levy

P-QB4
P-Q3
PxP
N-KB3
P-KN3
B-N2
0-0
N-B3
P-QR3
PxN
N-Q2
N-N3
B-K3
N-B1
Q-R4
Q-B2
B-Q2
Q-N3+
Q-Q5
BxQ
B—N2
KxB
N-N3
R/B-QN1
P-B3
P-QR4
PxP/N
R-QB1
R-B4
R/1-QB1
P-R5
P-R6
PxP
B-K3
P-N4
P-R7
BxN
RxP/7
R-Q7
R-B8
P-R8=0Q
RxR

Computing
Time

Book
Book
Book
Book
Book
Book
Book
Book
Book
70
209
193
80
59
163
93
121
644
115
75
118
143
107
153
46
129
68
134
143
243
118
64
391
249
245
75
142
148
318
137
118
63
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This convincing win gave notice that Levy is not planning to lose his
wager. It would appear that Levy’s considerable experience with computer
chess is an important asset when he competes against a machine. His play-
ing style in this game clearly took advantage of the machine’s inability to
make long-range plans.

During the spring and summer of 1977, several changes were made in
the Northwestern chess program in preparation for the Second World Com-
puter Chess Championship to be held in August in Toronto, Canada. As a
reflection of these changes, the program’s name was altered from CHESS
4.5 to CHESS 4.6. One of the modifications was the capacity to “think” on
the opponent’s time. While the opponent is thinking or calculating, CHESS
4.6 works on a reply to the move which seems most likely. If the opponent
subsequently makes this move, the machine is prepared to make a quick
reply. If not, then CHESS 4.6 starts afresh and calculates a reply in the
normal fashion.

In addition, several coefficients in the evaluation function were changed
(the primary change involved a heavier weighting for King safety), the
quiescence search was expanded to include additional checking moves, and
the efficiency of the transposition table was enhanced. A new option was
also introduced which permits moves to be entered in algebraic notation.

CHESS 4.6 had a successful tournament at Toronto, winning all 4 of its
matches. The major event of the tournament was expected to be the game
between CHESS 4.6 and the Russian program, KAISSA. Unfortunately,
the tragedy of Stockholm reoccurred, except this time in reverse. KAISSA
was unexpectedly beaten in the first round by DUCHESS, an American
program written at Duke University. Because of this loss, KAISSA never
had enough points to be paired with CHESS 4.6. In a replay of Stockholm,
a demonstration match between KAISSA and CHESS 4.6 was arranged
after the regular tournament.

Demonstration Game, Second World Computer Championship
August 8, 1977

Computing

WHITE—KAISSA (USSR) BLACK CHESS 4.6 (USA) Time
1. P-K4 N-QB3 Book
2. N-KB3 P-K3 Book
3. P-Q4 P-Q4 Book
4, B-Q3 PxP 222
5. BxP B-Q2 288
6. 0-0 N-B3 65
7. R-K1 NxB 78
8. RxN B-K2 84
9. P-B4 P-B4 67
10. R-K1 0-0 77
11. N-B3 P-B5 74
12. Q-Q3 Q-K1 196
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13. P-KN3 PxP 135
14. P/RxP Q-B2 215
15. B-B4 P-KN4 84
16. P-Q5 PxP 329
17. NxP/Q PxB 61
18. NxB+ NxN 343
19. QxB N-N3 300
20. QxQ+ RxQ 286
21. P-KN4 R-Q2 349
22, R/R-Q1 R/1-Q1 84
23. RxR RxR 242
24, K-N2 K-N2 70
25, N-N5 R-Q7 75
26. R—QN1 R-B7 118
27. P-N3 N-K4 216
28. R—KR1 RxP/R 221
29. R-R4 N-Qb6 77
30. N-R3 R-N7 413
31. P-N5 K-N1 233
32. NxP RxP/ 7+ 411
33. K-N3 RxN 216
34. RxR NxR 83
35. KxN K-B2 148
36. P-N4 K-K3 161
37. K-K4 P-QR3 185
38. K-B4 K-Q3 158
39. K-K4 P-B4 179
40. PxP+ KxP 143
41, K-Q3 P-QR4 174
42, K-B3 P-R5 135
43. K-Q3 K-N5 137
44, K-B2 KxP 115
45. Resigns

163 seconds per move average

On the basis of the tournament results, Levy concluded that “American
computer programs dominate the world scene even more than Eastern
European chess players dominate the human circuit” (Chess Life and
Review, Jan., 1978, p. 33).

One of the surprising discoveries in computer chess is that a full-width
program can compete effectively at speed chess. In fact, the evidence sug-
gests that these programs may be better at speed chess (relative to humans)
than at regular tournament chess. Because the machine cannot manipulate
the chess pieces,* special rules are employed for speed chess. The human
player has 5 minutes total time as usual. The machine is set to average 5
seconds per move. If the machine has not given mate or announced mate

1 Slate and Atkin are working on a robot arm which may correct this limitation.
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by move 60, it loses on time.
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An interesting example of blitz chess played under these special rules

occurred in September, 1977 in London at the Aaronson chess tournament.
The opponent was Michael Stean, a grandmaster with a rating of 2485.
David Levy moved the pieces for the program.

WHITE CHESS 4.6,

Blitz Chess against Michael Stean in London

CYBER 176

—_ -

12,
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.
26.
27.

28.

29.
30.
31.
32.
33.

PO NOoGTR WM

P-K4
P-Q4
N-QB3
PxP
B-K3
B-QON5+

. N-B3

0-0
BxN+
Q-Q3

. R/R-Q1

September 18, 1977

BLACK Michael Stean (2485)

P-QN3
B-N2
P—-QB4
PxP
P-Q3
N-Q2
P-K3
P-QR3
QxB
N-K2

Stean: The damned computer has one of my pawns.

Q-B4
R/B-K1
Q-N3
K-R1
B-N5
BxB
P-QR4
Q-R2
P-QN3
N-KN5
N/ 3xP
RxP
NxQ
N/5-K4
P-B4
P-R3

R-QO1
N-N3
B-K2
Q-B3
0-0
B-R1
NxB
R—-N1
R-N5
P-B4
PxP
RxP/7
QxR
RxP/N7
R-N5
N-B4

Stean: This computer is a genius.

K-R2
Stean: Help.

Q-KB2
NxR
Q-B3
RxN
QN4

N-N6+

RxN
P-R3
NxN
R-N1
R-KB1
BxR

Computing
Time

Book
2

10

3

WO N WD

—
E =N

B~

WW—= PO =200 WU O©WW
-~

20

10
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34.
35.
36.
37.
38.
39.

QxP/6+
QxB
Q-K5
QxP/5

Q-QB8+

QxP

K-R1
R-B3
R-QN3
RxP
K-R2
Resigns

7 seconds per move average

W~ O U =

Sometimes the computer makes moves which have a mechanical appear-

ance. An observer might comment that only a dumb machine would play
like that. There are other times, however, when the program makes moves
which are quite creative and seem to be alarmingly human. In the follow-
ing match, which has been dubbed the “game of symmetry,” the machine
seems to be hiding an impish smile.

WHITE Bill Elger (1668)

©

10.

11.
12.
13.

14.

15.
16.
17.
18.
19.
20.
21.
22.

NP oD

P-QB4
N-QB3
PxP

. P-K4

P-Q4
QxQ
K-Ot1
B-KB4
B-K5
N-B3
B-N3
P-QR3
B-Q3
B-B2
P-R3
R-K1
K-K2
K-K3
N-K5
P-B4
K-B2
Resigns

The Twin-Cities Open

April 29, 1978

BLACK CHESS 4.6,
CYBER 176

N-KB3
P-Q4
NxP
N-N5
QxP
N-B74
NxQ
P-QB3
N-K3
N-Q2
P-QN4
P-N4
N/2-B4
B—KN2
B-N2
R-Q1+
B-QR3
B-R3
P-KN5+
PxP ep.+
R-Q7+

100 seconds per move average

Computing
Time

Book
Book
Book
Book
55
145
51
74
66
52
77
104
379
292
65
64
80
200
121
100
165

In May, 1978, CHESS 4.6 entered a simultaneous exhibition sponsored
by the Minnesota Chess Association. Walter Browne, current United States
champion, took on 44 different opponents at one time. In a simultaneous
exhibition, the grandmaster proceeds from one board to the next in steady
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procession and each opponent is required to move when the grandmaster
reaches his table. In this environment, successive moves may be separated
by rather long breaks, especially during the middle-game. Because of this
arrangement, CHESS 4.6 had more time to calculate each move than nor-
mally would be the case in a regular tournament. Walter Browne also had
the considerable handicap of playing 43 other opponents at the same time.
Despite this, Browne indicated before the exhibition that he fully expected
to beat the machine. The result did not fulfill this expectation; in fact,
CHESS 4.6 played a remarkably solid game.

Walter Browne Simultaneous Exhibition

May 6, 1978
BLACK CHESS 4.6, Computing
WHITE Walter Browne (2547) CYBER 176 Time
1, P-Q4 N-KB3 Book
2. P-QB4 P-B4 Book
3. N-KB3 PxP Book
4. NxP P-K4 Book
5. N-N5 B-B4 Book
6. N/1-B3 0-0 162
7. P-K3 P-Q3 142
8. B-K2 P-QR3 158
9. N-R3 N-B3 248
10. N-B2 B-B4 241
11. 0-0 Q-Q2 255
12. P-QN3 K-R1 395
13. B-N2 R-KN1 356
14. N-R4 B-R2 458
15. B-R3 P-R3 272
16. R-B1 R/R-Q1 503
17. N-N4 NxN 254
18. BxN Q-B2 70
19. Q-K1 B-B4 527
20. B-KB3 B-Q6 395
21. BxB PxB 410
22. B-K2 B-B4 426
23. P-B3 P-K5 535
24, P-B4 B-Q2 468
25. N-B3 Q-R4 364
26. OQ-R4 B-B3 349
27. R-QB2 P—QN4 285
28. P-KN4 P-N5 387
29. N-Q1 R-Q3 517
30. N-B2 R/1-Qt 302
31. R-Q1 RxR+ 295
32. BxR R-Q3 357
33. Q-N3 Q-01 511
34. R-B1 R-Q7 255
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35. P-N5 PxP 460
36. PxP N-R2 560
37. P-N6 PxP 486
38. QxP Q-R5 226
39. Q-B5 B-Q2 330
40. Q-B4 QxQ 292
A1, PxQ P-Ké 319
42, N-K4 P-K7 248
43. BxP RxB 203
44, NxP B-B1 176
45. R—O1 R-K1 139
46. P-QR3 PxP 116
47. R-R1 P-N4 176
48. PxP R-K4 85

49. P-N4 P-R4 92

50. N-Q3 RxP+ 69

51. K-B2 PxP 61

52. NxP R-OR4 115
53. K-K3 B-K3 72

54. K-Q4 N-N4 81

55. N-B2 P-R7 79

56. N-N4 R-R5 45

57. K-B5 N-K5+ 118
58. K-N5 B-Q2+ 90

59. N-B6 N-B6+ 67

60. K-B5 BxN 48

61. KxB RxP+ 90

62. K-Q6 R-Q5+ 52

63. K-K5 R-Q8 31

64. Resigns

Many observers (including Levy) have remarked that computer pro-
grams are especially weak in the endgame. The play of CHESS 4.6 in the
last 15 or so moves of this match is anything but weak. It may be that this
game is an exception to the rule or it may be that the endgame weakness
theme has been overplayed.

At the present time (July, 1978), David Slate is working on a new ver-
sion of the Northwestern program, CHESS 5.0. The new program is written
entirely in Fortran and can be easily converted to run on other machines.
In addition, the new program has a cleaner structure than its assembly-
language predecessor and can be modified more easily. If completed by the
end of August, this program is destined to compete with David Levy to
conclude the famous wager, If present plans are fulfilled, CHESS 5.0 will
run on one of the most powerful computers, the Cray-1. The match late
this summer may be interesting,
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David J. Slate and Peter W. Frey

Northwestern University

A great deal has transpired in the world of computer chess since 1978
when the first edition of this book was published. The technical aspects
of chess programming have not changed very much and thus the informa-
tion provided in the original chapters is still current. Despite the lack of
progress in theory, hardware modifications and software finesse have defi-
nitely produced a noticeable improvement in across-the-board play.

Here we present a selection of games played by computers in organized
competition since the publication of the first edition. Some of these games
were chosen because they represent exciting chess and are enjoyable for
that reason alone. Others illustrate trends that have developed over the
last few years, such as the ascendance of super-brute-force chess com-
puters using custom-made chess-specific hardware, and the proliferation
and marked improvement of microprocessor-based programs. In addition,
a few games were selected because they demonstrate problems in chess
programming or problems with the way that computer chess tournaments
are currently run.

It was very difficult to make this selection. There have been many
tournaments and many interesting games. A comprehensive record of
computer chess play is available through the newsletter published by the
International Computer Chess Association (ICCA). The interested reader
can receive additional information by writing directly to the ICCA at
Vogelback Computing Center, Northwestern University, Evanston, Illinois,
60201, USA.
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Game 1: 1978 North American Computer Chess Championship
Round 2, December 3, 1978, Washington, D.C.

Belle (White) vs. Chess 4.7 (Black)

Belle consists of specially constructed computer-chess hardware driven by
a DEC PDP-11 computer. Tt was designed, built, and programmed by
Ken Thompson and Joe Condon of Bell Telephone Laboratories in Murray
Hill, New Jersey. Ken is an officer and active participant in the ICCA.
A description of the most recent version of Belle appears as one of the
two new chapters that were prepared for the second edition of this book.

Chess 4.7, by David Slate of Northwestern University and Larry Atkin,
formerly of Northwestern, was the reigning world champion at the time
this game was played. Chess 4.7 had developed a reputation as the most
successful example of the “brute-force” tree-searching techniques, exam-
ining an average of 3600 positions per second on the Control Data Cyber
176. In this game, it became a victim of brute force, losing a tense tactical
battle to Belle, who at this time weighed in at about 5000 positions per
second.

Notes accompanying the game score are by Hans Berliner (HB) of
Carnegie-Mellon University, and by David Slate (DS). David’s remarks
include information from the machine records which were printed at the
tournament site by Belle and Chess 4.7.

White Black
Belle Chess 4.7
1. e2-e4 Nb8-c6
2. d2-d4 d7-d5

3. Nb1-c3

HB: This is undoubtedly the best move against this frequently
essayed opening of Chess 4.7. Black is forced to play 3. . . . e7—e6, after
which he gets a cramped French Defense position because c7—cS cannot
be played immediately. If instead Black played 3. . . . d5xe4, White would
reply d4—d5 with an advantage.

3.... .. e7-eb
4. Ng1-f3 Bf8—b4
5. e4—e5 Ng8-e7
6. Bc1-d2 Ne7-f5
7. Nc3-e2 Bb4—e7
8. ¢c2-¢c3 0-0
9. Ne2-f4 f7-f6

HB: White has achieved a slight space superiority and Black must
now break here in order to alleviate the pressure since the usual c7-c5
requires too much preparation.
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10. Bf1{-d3 féxe5
11. d4xe5b

HB: After 11. Nf3xeS Black can play Be7-f6 with a satisfactory
game,

1 g7-g5!

HB: A fine, though antipositional idea. Black must create some
room for himself on the K-side before White gets too strong there. The
weakening of the K-side is two sided as White must also weaken himself
or submit to the loss of a pawn.

12. g2-g4!

HB: Best. After 12. Nf4-h5, g5-g4 followed by Nc6bxeS Black
will gain enough time and space to be able to overcome any adverse effects
due to his open king’s position.

DS: Belle’s 12. g2—g4 was predicted by Chess 4.7.

12...... Nf5-g7!
13. Nfd-g2 b7-b6?

HB: Here I suspect most Masters would play the “automatic” 13.
... Rf8xNf3 14, Qd1xRf3, Ncoxe5, 15. Qf3-e2, Ne5xBd3, 16. Qe2xNd3,
e3—e4. This results in settling upon White a very inferior pawn position
and inactive minor pieces against Black’s fine center and active minor
pieces; cetrainly worth half a pawn. In view of what transpires, Black’s

play must be judged inferior. In any case, White is not interested in pre-
venting this line.

14. Qd1-e2 Bc8-b7
15. Rh1-g1

HB: Probably White does not play the beckoning 15. h2-h4 be-
cause of Rf8xNf3, 16. Qe2xRf3, Ncb6xe5, 17. Qf3—e2, Ne5SxBd3-}, 18.
Qe2xNd3, g5xh4, which gives Black two pawns for the exchange; how-
ever, it would be appropriate for White to prepare for this thrust along
the rook file by 15. O-0O-0O. If above, 17. Bd3xh74, Kg8xBh7, 18.
hdxg5+, Kh7-g8, 19. Qf3-h3, with a wild position that White need not
let himself in for. The text is weak.

15. ... .. a7-ab
HB: Both sides are hard put for a good idea. On this and the next

moves, Rf8xNf3 is stronger than ever before, and White should castle
on the queen’s side.
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16. a2-a4 Kg8-h8
17. h2-h3 Khg-g8
18. Rg1-h1 h7-hé
19. h3-h4 d5-d4

HB: Why has Black not tried this obvious move before? The an-
swer is that it leads to a ferocious attack for White. White should now
play 20. Qe2-e4!, Rf8xNf3, 21. Qe4-h7-+ (not Qe4xRf3, Ncobxe5 with a
good game for Black), Kg8-f8, 22, Bd3-g6!, Be7-f6!, 23. e5xBf6,
Qd8xf6, 24. h4xg$S, h6xg5s, 25. Bgb—e4, Ri3xf2, 26. Bd2xg5 with a win-
ning position for White. Black, seeing much danger, but not being able
to see to the end of all this, considers this to be his best chance. He would
have been better advised to have played 19. . . . Rf8xNf3 (better late than
never), 20. Qe2xRf3, Ncéxe5, 21. Qf3—e2, NeSxBd34, 22. Qe2xNd3,
e6-e5, 23. Qd3—g6, Qd8-d6, 24. Qg6xQd6, c7xd6, with Black having
somewhat the worst of it.

DS: Here Chess 4.7 did predict 20. Qe2—e4, Rf8xNf3 as Hans sug-
gests, but then predicted the inferior continuation 21. Qe4xRf3, Nc6xeS,
with slight advantage to Black.

20. hdxg5? Nc6-b4!!

HB: A tremendous move which now makes White play correctly
to save himself. After the correct 21. c¢3xNb4, Bb7xNf3, 22. Bd3-h7+,
Kg8-h8! (not Kg8xBh7, 23. Rh1xh6+4, Kh7-g8, 24. Qe2—d3, Bf3xNg2,
25. Qd3-h74 leading to mate), 23. Rh1xh6! (not 23. Qe2-d3, Be7xg5,
24. Qd3—g6!, Bf3xNg2, 25. Bd2xBg5, Qd8xBg5 and Black has a decent
position), Bf3xQe2, 24. Bh7-b1+, leading to a draw by repetition. Less
exact would be 21. Rhixh6?!, Rf8xNf3! 22, ¢c3xNb4, Be7xg5, 23. Rh6-
h2, a5xb4, with a wild position which appears to favor Black.

DS: Here Chess 4.7 did a six-ply search and predicted an eight-ply
(remember the quiescence search) principal variation which exactly
matched the moves actually played through 24. Nf3xd2. This included the
blunders by both sides: 21. g5xh67??, Nb4xBd34??. Unfortunately, Chess
4.7 scored this line as only a small advantage for White, not realizing the
power of White’s resulting attack, and not seeing the strength of the alter-
native 21. . .. d4xc3.

21. g5xh6??
HB: A blunder that should lose because now the attack on the rook
file is gone.
DS: Belle predicted 21. . . . Nb4xBd3+, 22. Qe2xNd3, Rf8xNf3,
23. h6-h74, Kg8-£7, 24. Qd3xd4, with a small advantage for Black.
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21, ... .. Nb4xBd3+-??

HB: Black returns the compliment and lands in an irrevocable loss.
From the theoretical point of view this must be the worst move ever made
by any version of the Northwestern program; it turns a sure win into a
sure loss. From a practical point of view the situation is anything but easy.
21. ... d4xc3 wins by force as White then has three pieces en prise and
cannot begin to save all of them. If 22. B-h74, Kg8xBh7, 23. h6xNg7--,
Kh7xg7, 24. Bd2-h6--, Kg7—g8, 25. Ral-d1 (Bh6xRf8, Qd8xBf8 leaves
Black in complete control), Bb7xNf3!!, 26. Rd1xQd8, Ra8xRd8, 27.
Bh6xRf8, Bf3xQe2 and Black wins. Less precise is 21. . . . Bb7xNf3,
22. h6xNg7!, Bf3xQe2, 23. g7xRf8=Q-, Be7xQf8, 24. Bd3-h74 and
White still has many chances. After the text move, NxB, however, Black
is hopelessly lost.

DS: Chess 4.7 changed its predicted line, but still saw only a small
advantage for White, and, of course, missed 21. . . . d4xc3. It thought
for 888 seconds, and had to terminate its eight-ply search before com-
pleting it. The principal variation it found was 22. Qe2xNd3, d4xc3, 23.
Qd3xc3, Rf8xNf3, 24. h6-h7-4, Kg8-h8.

22. Qe2xNd3

DS: Belle predicted 22. . . . d4xc3, 23. Qd3—g6, c¢3xBd2--, 24.
Nf3xd2, Rf8—f7, 25. h6-h7+4, Kg6-h8, 26. QgbxRf7 with slightly more
than a pawn advantage for White.

22. ... .. d4xc3

DS: Now Chess 4.7 calculated an advantage of nearly two pawns
for White.

23. Qd3-g6!
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HB: This must be what was not appreciated by Chess 4.7. White’s
attack is now overwhelming and Black dare not capture any more material.
23. ... .. c3xBd24-

DS: Chess 4.7 now sees White’s advantage at three and one-half
pawns. Its view of the impending disaster was 24, Nf3xd2, Rf8—f7, 25.
h6xNg7, Rf7xg7, 26. Qgbxe6-+, Rg7-f7.

24. Nf3xd2 Rf8—£7
25. h6xNg7 Rf7xg7
26. Qgbxe6+ Rg7-£7
27. Qe6-he! Rf7-g7
28. Qh6-h8+ Kg8—f7
29. e5-e6+
HB: Winning the exchange and more; in effect, ending the game.

29. ... .. Kf7xe6
30. Qh8xRg7 Bb7xNg2
31. Rh1-h6+ Keb-d7
32. 0-0-0

HB: After all these hours of indecision about where to take up a
royal residence! The rest is silence. It is interesting that two such search-
oriented programs whose strong suit is obviously tactics should make so
many tactical errors. The answer is in the fact that the outcomes of the
various tactical forays were far from easy to evaluate insofar as mating and
material threats abounded even after a quiet move terminated the quies-
cence search. Thus even Chess 4.7, with its excellent judgment of posi-
tions, was fooled.

32. ..... Bg2-d5
33. Nd2—e4 Kd7-c8
34. Rh6-h8 Bd5xNe4
35. Rd1xQd8 Be7xRd8
36. Qg7-e7 Kc8-b7
37. Qe7xBed-+ Kb7-a7
38. Rh8—g8 Ra8-b8
39. g4-g5 Bdg-e7
40. Rg8xRb8 Be7xg5+
4. fo—f4 Bg5xf4+-
42. QedxBf4 Ka7xRb8
43. Kec1-d2 Kb8-b7
44, Kd2-d3 Kb7-c8
45, b2-b4d a5xb4
46. Qf4xb4 Kc8-d7
47. Qb4-b5-+ Kd7-d8
48. Kd3-d4 Resigns
(1-0)
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This win for Belle was a portent of things to come. Chess 4.7 reflected
a decade of progress for a particular philosophy of chess programming
and had reached somewhat of an asymptote for this strategy as imple-
mented on a conventional supercomputer. Belle incorporated this same
philosophy but in a more powerful hybrid machine. In succeeding years,
Ken Thompson and Joe Condon increased their speed advantage and the
authors of Chess 4.7 quietly readied their creation for the museum. David
Slate had already begun to work on a new program, Nuchess, which placed
more emphasis on chess knowledge while still maintaining a powerful
search component.

Game 2: North American Computer Chess Championship
Round 4, December 5, 1978, Washington, D.C.

Blitz (White) vs Belle (Black)

This short game was a lovely display of the tactical power of Belle.
The win gave Belle a spotless 4-0 record for the tournament and first
place. Ken Thompson was very pleased with this game and he appeared
at the following year’s tournament in a custom designed tee shirt with the
final position printed on the front and the game score emblazoned on
the back.

Blitz, authored by Robert Hyatt of the University of Southern Missis-
sippi, is also a search-oriented, brute force chess program. Although it
fared poorly in this game, it was reincarnated two years later on a
CRAY-1 to do some tactical crunching of its own.

The commentary for this game is provided by Hans Berliner of Carnegie-
Mellon University, the former World Champion of Correspondence Chess.
Hans described this game at the time it was played as “undoubtedly the
most brilliant game of chess yet played by a computer.” He added that
“if Mikhail Tahl or Bobby Fischer had played it, the game record would
undoubtedly be making the rounds of the chess journals.”

White Black
Blitz Belle
1. e2—e4 e7-eb5
2. Ng1-f3 Nb8-c6
3. Nb1-c3 Ng8-f6
4, Bf1-b5 Nc6-d4
5. Bb5-c4

HB: White is best advised to head for the draw with 5. Nf3xNd4,
e5xNd4, 6. ed—e5, d4xNc3, 7. e5xNf6, Qd8xf6 (not c3xd2-- because after
Bclxd2 White has an advantage), 8. d2xc3 with a known drawn position.
This is why White seldom plays 4. Bf1-b5 in this opening. As the game
shows, Black is prepared for this variation in its opening book and White

is not. White can also play 5. Bb5—ad, but this cedes Black the initiative
for a pawn.
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5. ..... Bf8-c5
6 Nf3xe5?

HB: Not advisable. This pawn cannot be held and the capture by
White only furthers Black’s development. White is under the illusion that
he is winning something.

6...... Qd8-e7

DS: So far, all of Belle’s moves have been made from its predigested
library of opening moves.

7. Bb5xf747?

HB: This is already ruinous; the “attack upon” and “win” of pawns
only loses pieces. However, after any knight retreat Black rapidly gains
the upper hand with d7-d5 (a move that would not be possible if White
had played 5. Bb5—a4). From now on it is all Black’s show.

7. ... .. Ke8-f8

DS: At this point in the game, Belle predicted 8. d2-d3, Qe7xeS5,
9. f2-f4, Qe5-¢7, 10. Bf7—c4, d7-d6 with about a pawn advantage for
Black.

8. Ne5-g6+7?

HB: White probably thinks that after 8. . . . h7xNg6, 9. Bf7xg6,
he will have three pawns for the knight. If he had looked a little farther,
he would discover, however, that Rh8-h6 for Black snares the bishop.
This probably accounts for his change of heart on the next move.

8. ..... h7xNg6
9. Bf7-c4 Nfé6xed
10. 0-O
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10. . .. .. Rh8xh2!!

HB: A “stock” sacrifice which in this case has some beautiful points.
Black must have been able to see 7 ply ahead (including detecting mate
on the last ply) in order to make this move. Not bad for a machine!

DS: Belle predicted 11. Nc3xNe4, Qe7-h4, 12. Ned4—g3, Qh4xNg3,
13. Bc4—d5 with an advantage of 3.38 pawns for Black.

11. Kg1xRh2

HB: 1If 11. Nc3xNe4 then Qe7-h4, 12, Ned4—g3, Qh4xNg3!!, 13.
f2xQg3+-, Nd4—f3 mate, with an even more beautiful ending.

L PR QeT7-h4+

DS: Belle saw the mate here but did not predict that White would
delay it as long as possible. Belle’s principal variation was 12. Kh2-¢l,
Ned4—g3, 13. Nc3—-e4, Qh4-h1 mate.

12. Kh2-g1 Ne4-g3!!

HB: The coup de gras! Now White can capture a piece giving check
and threatening the queen, only to be mated on the next move. Very
appealing to human eyes, but just good old search for Belle. Now, White
delays the immediate mate one move. The two main lines are indeed very
appealing.

13. Qd1-h5 g6xQh5
14. f2xNg3+ Nd4—£3!1 mate

(0-1)

This game demonstrates the power of combining a comprehensive
opening library with a competent search mechanism which sees far enough
ahead to take advantage of tactical opportunities. Belle’s developing moves
in the opening in response to Blitz’s pawn hunger probably reflect that
Belle was still in its opening library. The beautiful mop-up at the end
demonstrates the merciless precision of a full-width search mechanism
when the opponent gets into serious trouble. The power of this exhaustive
lookahead search becomes much more impressive as depth increases. The
move 10. . . . Rh8xh2 was possible because Belle could see far enough
ahead to appreciate its devastating impact. Programs which lack goal-
directed search mechanisms or the ability to see as far ahead as Belle
would probably not have initiated this continuation.
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Game 3: 1979 North American Computer Chess Championship
Round 3, October 29, 1979, Detroit, Michigan

Chess 4.9 (White) vs Duchess (Black)

Duchess, by Tom Truscott, Bruce Wright, and Eric Jensen of Duke Uni-
versity has been one of the stronger chess programs in tournament play
since it first entered the competition in 1974. In 1977, Duchess tied for
first place in the North American Championship.

The 1979 tournament was the last hurrah for Chess 4.X. It temporarily
snatched the title back from Belle but in subsequent years could not match
the additional depth that Belle achieved through hardware improvements.
In this game with Duchess, Chess 4.9 played a nice combination to get a
winning advantage.

The annotation for this game is provided by Mike Valvo, an Interna-
tional Master and David Levy’s replacement as the tournament director
in the recent major computer chess competitions. Mike’s comments reflect
his conversations with his technical consultant, Ken Thompson. Informa-
tion from the machine record is also provided by David Slate.

White Black
Chess 4.9 Duchess
1. e2-e4 d7-d5
2. e4dxd5 Qd8xd5
3. Nb1-c3 Qd5-d6

MV: The center counter defense is not played very often by Black
in tournament competition and this last move, Qd6, is so rare that theory
only mentions one game in which it was tried. Its sole benefit seems to be
that Chess 4.9 is now out of its extensive book on this line of play.

4. d2-d4 Bc8-f5
5. Ng1-13 Nb8-c67!
MYV: Rather provocative; 5. . . . ¢7—c6 is more sensible.
6. Nc3-b5 Qd6-d7
7. Bc1-f4 Ra8-c8
8. Nf3—e5!

MV: Tempting is 8. d4-d5 but White has no reply after 8. . . .
Nc6-b4. For example, 9. Nf3—e5, Qd7xd5!, 10. Qd1xQd5, Nb4xQds, 11.
0-0-0, e7-¢6!

8. ..... Nc6xNe5
9. d4xNe5!

MV: The natural 9. Bf4xe5 allows Black to regroup. The point of
9. d4xNeS5 is that the d4 square becomes available for the White knight.

DS: Chess 4.9 predicted 9. . . . a7-a6, 10, Qd1xQd7, Bf5xQd7,
11. Nb5—c3, g7-g6, 12. Bf4—e3, Bf8-h6, with about one-third pawn ad-
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vantage for White. Chess 4.9 had previously predicted correctly Black’s
6th, 7th, and 8th moves.

9. ..... Qd7—-c6

MYV: Black is in severe difficulties, but alternatives offer little; for
example, 9. . . . Qd7xQd1+, 10. RalxQd1, a7-a6, 11. Nb5-d4, Bf5-d7,
12, e5—6!

10. Qd1-£31?

MV: Not 10. Nb5xa7 because of Black’s reply, 10. . . . Qc6—e4+4,
11. Bf4—e3, Rc8-d8 and Black slips away. However, 10. Qdl-e2 seems
best here: 10. ... Qc6xc2, 11. Qe2xQc2, Bf5xQc2, 12. Ral—cl1, Bc2-¢4,
13. Nb5xc7+, Ke8-d8, 14. e5-¢6.

10. ... .. Qc6xQf3
11, g2xQf3 a7-ab
12. Nb5-d4 Bf5-d7
13. 0-0-0 97-g6
14. Nd4-h3 Rc8-d8
15. Nb3-a5 Bd7-c8
16. Rd1xRd8+ Ke8xRd8
17. Bf1—c4 Kdg-e8
18. Rh1-d1 Bf8-h6
19. Bf4-d2 Bh6-g7?

MV: Black has defended well, but now lets the entire game slip.

It is necessary to play 19. ... Bh6xBd2{ and after 20. Rd1xBd2, ¢7-¢6
Blacks stands well.

20. Bd2-c3 c7-c6
MYV: Black should have played 20. e7—¢6.

21. e5-eb Bg7-h6+-

22. Kc1-b1 f7-f6
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23. Nab5xbT!

MV: An elegant temporary sacrifice.

DS: In computing its previous move, 22. Kc1-b1, Chess 4.9 thought
for ten minutes and foresaw the upcoming sacrifice, rating this line of play
as 2.5 pawns in White’s favor. The principal variation it saw at that time
was 22. . . . f7-f6, 23. Na5xb7, Bc8xNb7, 24. Bc3-aS, Ke8-{8, 25.
Rdi-d7, Bb7-a8, 26. Rd7-d8, Ki8—g7, 27. Rd8xBa8. A terse message
appeared on Chess 4.9’s hardcopy at this time, “Be Careful.”

23. ... .. Bc8xNb7
24. Bc3-a5 Ke8-f8
25. Rd1-d7

MV: The point of the “sacrifice.” In order to avoid an immediate
mate, Black must lose the bishop. The remainder requires no comment.

25. ... .. Bh6-f4
26. h2-h3 Bf4—e5
27. Rd7xBb7 g6-g5
28. Bc4xab h7-h5
29. a2-al Rh8-h6
30. Bab—c4 f6-15
31. Ba5-d2 Rh6-g6
32. a4-ab Be5-d4
33. a5-ab Bd4xf2
34. ab-a7 Bf2xa7
35. Rb7xBa7 g5-g4
36. Bd2-c3 Ng8-f6
37. Bc3-b4 Nf6-g8
38. Ra7-a8+ Kfs—g7
39. Bb4-c3+ Kg7-h6
40. Bc3-d2+ Khé-g7
41. f3xgd h5xg4
42. h3xg4 Rgbxg4
43. Bc4-d3 f5-f4
44, Bd2-c3+ Kg7-h6
45. Ra8-f8 c6-c5
46. Bc3-e5 f4-£3
47. Rf8xf3 c5-c4
48. Rf3-f4 Rgd-g1+
49. Bd3-f1 Kh6-g5
50. Rf4—f7 Kg5-h6
51. Kb1-a2 Rg1-h1
52. Bf1xc4 Rhi-et
53. Be5—-g7+ Khé-g5
54. Bg7-18 Rel-e4
55. Rf7-g7+ Kg5-f6
56. Bc4—d3 Re4—-ad+
57. Ka2-b3 Rad-a7
58. Rg7xNg8 Kf6xe6
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59. Bd3-c4+ Keb-e5
60. Rg8-g7 Ra7-b7+
61. Kb3—c3 Resigns

(1-0)

The mop-up by White is slow and methodical, with Chess 4.9 taking
awhile to hit upon an effective plan. Despite this, the outcome is not seri-
ously in doubt after the midgame foray in which White forced the win of
Black’s bishop. Down by two pieces and a pawn and facing a futile battle,
Black properly resigned after White’s 61st move.

Game 4: 1979 North American Computer Chess Championship
Round 4, October 30, 1979, Detroit, Michigan

Duchess {White) vs Chaos (Black)

Chaos, a strong contender since 1973, currently hails from the University
of Michigan. It is the work of Fred Swartz, Mike Alexander, Jack O’Keefe,
and Victor Berman. In the 1979 tournament, Chaos ran on the powerful
Amdahl V/6. The program has a more selective search and a more com-
plex evaluation function than the “brute force” programs. Consequently,
it searches many fewer nodes per second than most of the competition.
The program is also characterized by its sheer size, taking up as much
memory as half a dozen of its opponents.

This game is interesting because of its wild start and the tenacity that
Chaos displayed fighting back from an early disadvantage. As a result
of opening exchanges, Duchess (White) was up the exchange and two
pawns. But then Duchess failed to find a winning idea, Chaos fought back,
and finally an opposite-color-bishops endgame was reached in which,
although still ahead by two pawns, Duchess could not find a way to make
progress. Normally this type of game is adjudicated by the tournament
director to reduce expenses and to prepare for the next round. In this
case, the game was in the final round, and since both teams had continued
access to their computers, the game was allowed to continue.

For the next 60 moves (about six hours), the two players shuffled pieces
back and forth, a pawn was occasionally moved, and Duchess even suc-
ceeded in winning another pawn. In the end, the game was adjudicated
as a win for Duchess even though there was little indication that she had
found a winning plan. After 110 moves the patience of the spectators,
the participants, and presumably even the programs, had been exhausted.
The tournament director, David Levy, had already left to keep a London
appointment. He had deputized two chess players to be awakened, if nec-
essary, to adjudicate the game. Endgames which go on interminably have
been a frustrating problem at many of the computer tournaments. A similar
difficulty occurred at the 1981 Philidor vs L’excentrique game which also
appears in this Appendix. Comments are by Peter Frey.
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White Black
Duchess Chaos
1. e2-e4 c7-c5
2. Nb1-¢3 Nb8-c6
3. g2-g3 e7-eb
4. Ng1-f3 d7—d5
5. e4xd5 e6xd5
6. d2—-d4 Bc8-g4
7. Bf1-e2 Ng8-f6
8. Bc1-g5 Bg4xNf3
9. Be2xBf3 Qd8-e7+
10. Ke1-f1 c5xd4
11. Nc3xd5 Qe7-d8
12. Qd1-e2+ Ke8-d7
13. Qe2-b5 Ra8-b8
14, Nd5xNf6+ g7xNf6
15. Qb5-f5+ Kd7-c7
16. Bg5xf6 Bfg—e7
17. Bf6xRh8 Qd8xBh8
18. Qf5xf7
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At this point in the game, the contest seems to be all but over. White
has treated Black’s Sicilian opening with very little respect. Black has two
fewer pawns than White and is down the exchange with little compensa-
tion. Given this miserable start, the Chaos programming team was all but
ready to pack up and get an early start for home. After her powerful
beginning, Duchess continued to make progress for the next few moves

but in the long run, failed to seize upon a winning plan.

19. Qf7xQg8
20. Bf3-e4
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21. f2—f4 Nc¢6-a5
22. Kf1-e2 Na5-c4
23. Rh1-bi Be7-16
24, Ke2-d3 Nc4-b6
25. Rbt-el Kc7-b8
26. Rat-b1 Nb6-a4
27. Be4-15 h7-h5
28. Bf5—g6 Nad-c5+
29. Kd3-c4 Nc5-d7
30. Rel1-e8+ Rh8xRe8
31. Bg6xRe8 Nd7-b6+
32. Kcd-—¢5 h5-h4
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Computer chess is often viewed as a research paradigm for machine
intelligence, especially for investigations of long-range planning. In this
particular game, Duchess seems determined to demonstrate that machines
have no facility for planning ahead. In this position, almost any chess
amateur would proceed to activate White’s pawn majority on the king side
and march on bravely until Black had to sacrifice material to prevent an
aspiring pawn from being promoted. After 32. . . . h5-h4, Black gives
White the opportunity to create adjacent passed pawns, a truly formidable
advantage in a situation like this. Instead, White chooses the immediate
gain of a pawn at the expense of preserving its powerful pawn formation
on the king side. In pawn and minor piece endings, many of the strong
chess programs are unaware of simple strategic ideas that most class D
human players have mastered.

33. g3xh4 Kb8—c8
34. h4-h5 Kc8—-d8
35. Be8-b5 Kd8-c7
36. h5-h6 a7-ab

37. Bb5-d3 Bf6-h8
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38. Bd3-f5 Nb6-a4+4-
39. Kc5-b4 b7-b5
40. Kb4-a5 Ke7-b7
41, Bf5—e4+- Kb7-a7
42. h6-h7 Nad-b6
43. h2-h4 Nb6-c4+
44. Ka5-b4 Ka7-b6
45. ¢2—-¢3 ab-a5+

With three pawns, a knight, and a bishop, Black is launching a fierce
attack. With six pawns, a rook, and a bishop, White is running for cover.
What is going on here?

46. Kb4-b3 d4xc3
47. Rb1-d1 Nc4-d2+
48. Rd1xNd2 c3xRd2
49, Kb3-c2 b5-b4
50. h4-h5 Kb6-¢5
51. Kc2xd2 Bh8xb2
52. h5-h6 Bb2-h8

Black’s attack on the queen side has netted two pawns and a rook at
the cost of one pawn and a knight. Black has also generated a promotion
threat and White must now play carefully.

53. Kd2—-e3 Kc5-c4
54, Bed—c2 Kc4-d5
55. Bc2-b3+4- Kd5-¢5
56. Ke3-e4 Kc5-d6
57. Ked—f5 Kd6-d7
58. Kf5—g6 Kd7-e7
59. f4-f5 Bh8-e5
60. Bb3-c2 Be5-f6
61. Bc2—e4d Bf6-h8
62. Bed4—f3 Bh8-e5
63. Bf3—c6 Be5-f6
64. Bc6-€e8 Bf6-e5
65. Be8-b5 Be5-h8
66. Bb5-c4 ab-a4

67. Bc4—g8 Bh8-f6
68. Bg8-d5 Bf6—e5

The kings have moved to the king side and White is attempting to ad-
vance his pawns. The Black king is aiding his bishop in a blocking action
while the White bishop waltzes gaily about to a tune that only he seems
to hear. If White has a plan here it is far too sophisticated for flesh and
blood players to understand.

69. Kg6-g5 Be5-f6+
70. Kg5-f4 Ke7-f8
71. Kfd—-ed Kfg—e7

272



Appendix to the second edition

72. Bd5-e6 ad-a3

73. Ked-d3 Bf6-h8
74. Kd3-c4 Bh8-c3
75. Ke4—-c5 Ke7-d8
76. Kc5-d6 Kd8-e8
77. Be6-b3 Bc3-b2
78. Kd6-e6 Bb2-h8
79. Bb3-ad+ Ke8-f8
80. Baj—dt Kf8-e8
81. 5-f6 Ke8—8
82. Bd1-b3

After the White king probes Black’s defense on the queen side he re-
turns to the king side for another round there. Finally, White activates its
pawn on the f-file and places its bishop to defend the a2-g8 diagonal.
White now appears to have a simple win: f6—f7 followed by a march by
the White king to devour Black’s remaining two pawns in exchange for
White’s two pawns on the h-file. After this exchange, White can advance
its pawn on the a-file and Black can only defend by sacking its bishop for
the pawn. White should then be able to promote its remaining pawn with
little difficulty. Unfortunately, this plan requires a lookahead search which
is considerably deeper than any current computer program can see.

82. ..... Kf8—e8
83. Bb3-ad+ Ke8—f8
84. Bad-d1 Kfg—e8
85. Bd1-b3 Ke8-f8
86. Bb3-c4 Kf8-e8
87. Becd-b5+ Ke8-8
88. Bh5-a4 b4-b3
89. Badxb3

White has won another pawn and is in even better shape to initiate the
plan mentioned above. With the current position, this plan forces Black
to trade its last pawn for one of White’s pawns on the A-file. With passed
pawns on both side of the board, White should win easily.

89...... Kf8—e8
90. Bb3-c2 Ke8—f8
91. Bc2-d3 Kf8-e8
92. Bd3-b5+ Ke8-f8
93. Bb5-ab

If the White bishop remains on the a4—e8 diagonal, the Black bishop
can capture the pawn at f6 with impunity. The White king dare not re-
capture since this will produce a stalemate.

93. . .... Kf8-e8
94. Ba6-d3 Ke8—f8
95. Bd3-e2 Kf8—e8
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96. Be2-h5+ Ke8-f8
97. Bh5-g4 Kf8—e8
98. Bg4-f3 Ke8—f8
99. Bf3-e4 Kf8—e8
100. Bed—g6+ Ke8-f8
101. Bg6-f5 Kf8—e8
102. Bf5-e4 Ke8-f8
103. Be4-b1 Kf8-e8
104. Bb1-f5 Ke8-18
105. Bf5-¢2 Kfg—e8
106. Bc2-ad+ Keg-f8
107. Bad-d1 Kf8-e8
108. Bd1—e2 Ke8-f8
109. Be2—f3 Kf8-e8
110. Bf3-c6+ Ke8-f8
111. Bcb6-d5
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With the White bishop wandering about aimlessly, the participants and
observers finally gave up. The game was concluded with the result to be
determined by best play adjudication. This gave a win to White since a
win clearly is present. The fact that White seems totally incapable of
finding the win in no way influences this decision. This would appear to
be a questionable rule. If White cannot find a win on its own, why should
the tournament rules specify that White be given the win?

Game 5: Chessmates Grand Prix
Round 1, June 7, 1980, Evanston, lllinois

Ken Mohr (White) vs Bebe (Black)

Many people have wondered if a programmer has to be a very good chess
player himself in order to create a strong chess program. No one has a
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definitive answer to this question and there are reasonable arguments for
both sides of the question. The performance of Bebe, a newcomer to the
computer chess scene, indicates however that a person unfamiliar with
chess can produce a very formidable program. Bebe is the creation of
Tony Scherzer of SYS-10, Inc., a small computer company in Hoffman
Estates, Illinois. Tony, who has both software and hardware experience,
decided one day a few years ago that it would be fun to build a chess
playing machine. His lack of either chess or computer-chess experience
did not concern him and he proceeded, in the spirit of Belle, to design
and build a special chess-playing machine. He started by designing a
16-bit computer with a microprogrammed, pipelined, bit-slice architec-
ture which executed instructions at 6 million per second. He then wrote
a program of the brute-force variety in the general purpose set of instruc-
tions for this machine. In order to increase execution speed, he re-
coded time-critical functions in machine microcode. Eventually he built
special hardware to do move generation and position evaluation. The
result of this effort was a new machine which was similar in many ways
to Belle, It was somewhat slower (about 22,000 positions per second)
but also less costly.

The name Bebe is short for “black box,” a colloquial term for a ma-
chine whose internal workings are mysterious and hidden from inspection.
This was appropriate for Tony and his assistants because very early in
its development the machine surpassed them in chess-playing ability and
they no longer felt competent to evaluate the results of their further modi-
fications of Bebe. To demonstrate the flavor of this interesting creation,
we have selected one of Bebe’s earliest tournament efforts. The opponent
was a human player with a USCF rating of 2086. The game is very typical
of the wild tactical battles that a computer can generate when its opponent
attacks aggressively.

Early in the game, White gives up two pawns in an attempt to catch
Black with a piece pinned to its king. Black successfully defends its ma-
terial so White tries a new idea, attacking the vulnerable king position.
True to computer form, Black cooperates by ignoring the threat and
showing more interest in capturing pawns than defending its king. White,
unable to find a clear win, makes a rook sacrifice to force the Black king
into the open. With his queen and rook, White chases Black’s king merrily
about the board but fails to deliver a fatal blow. Finally White forces
Black to trade its queen for a rook but this is too little, too late. Black’s
king evades White’s remaining checks and escorts a pawn to the eight
rank and to victory.

Shortly after this game, David Levy visited the Chicago area and paid
a visit to Tony Scherzer. He was so impressed by Bebe’s performance
that he immediately invited Bebe to the World Championship in Linz,
Austria. In this European tournament, Bebe distinguished itself in a very
unusual way; it managed to draw all four of its games. Comments on this
game are by Peter Frey.
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White
Ken Mohr

1.

©END G AW

e2—ed
. Ng1-f3
. Bf1-b5
Bb5-a4
Ba4-b3
0-0
d2-d4
ed—e5
. Bb3-d5
. Nf3—g5
. Bd5xBb7
. Rfi-et

Black
Bebe
e7-e5
Nb8-c6
a7-a6
b7-b5
Ng8-f6
Bc8-b7
e5xd4
Nf6—e4
Ned—c5
Ncéxe5
Nc5xBb7
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. Bf4xNe5

. OQf3-¢3

. Nb1-d2
. f2-f4

. Ng5-h3

f7—f6
Nb7-d6
c7—c6
Qd8-e7
Nd6—c4
Nc4xBe5
0-0-0
Qe7-b4

Black is putting up a spirited defense. At times it is unclear who is
attacking and who is defending. White is hard pressed to find a way of
turning his positional pressure into a clear advantage.

20. f4xNe5
21. a2-a4
22. Ratxad
23. Ra4xab

Qb4xNd2
b5xa4
Qd2xc2
Kc8-b7

Black’s amazing courage indicates that he is clearly not your standard
flesh and blood chess player. After giving up most of his pawn cover, the
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Black king boldly sallies forth to attack the offending White rook. To
paraphrase a familiar line, the computer enters where angels fear to tread.

. Ral-a7+
. Qe5-¢7+
29. Rctl-at+
. Qc7-b7+
31. Ral-c1+

féxe5
d4-d3
Qc2-b3
Kb7xRa7
Ka7-ab
Ka6-b5
Kb5~c4

White has launched a blistering attack on the Black king. Black cur-
rently enjoys a material advantage, but it is not clear whether the Black
king will live long enough to benefit from these extra troops. Even if the
Black king can avoid being mated, his escape may come at the expense

of several major pieces.
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31, ... .. Qb3-¢c2
32. Qb7-a6+ Kc4-b3
33. Qab-b6+ Bfs-b4
34. Re1xQc2 d3xRc2
35. Qb6-e3+ Kb3xb2
36. Qe3-d4+ Bb4—c3
37. Qd4-b6+ Kb2-a2
38. Qb6-a6+ Ka2-b1
39. Qa6-d3 Kb1-b2
40. Qd3-e2 Rd8—e8
41. Resigns

The White queen has run out of checks and the Black pawn at ¢2 has
become an unstoppable threat. With the Black rooks coming into play,
all hope for White has evaporated. After observing the tactical resource-
fulness of the computer in this game and the weak long-range planning of
Duchess in the previous game, why should a human player try to shoot
it out with any of the stronger chess programs? A quiet positional battle
is much better fighting turf for humans.

Game 6: Third World Computer Chess Championship
Round 2, September 26, 1980, Linz, Austria

Nuchess (White) vs Belle (Black)

This tournament marked the official debut of Nuchess, by David Slate
and William Blanchard. Nuchess is a completely new program which
aspires to combine chess knowledge with the strength of a powerful search
mechanism. To make programming easier, it is written in FORTRAN
rather than assembler as the previous Northwestern University chess pro-
grams. By using FORTRAN, Slate and Blanchard hoped to be able to
add a more sophisticated evaluation function and quiescence search with-
out the tedious effort that assembly language would require. A style of cod-
ing was selected which made it easier to add chess-specific knowledge
without sacrificing too much of the efficiency which had become a trade-
mark of the earlier Chess 4 series. At this early stage of its development,
Nuchess differed from Chess 4.9 in being slower (2000 positions per sec-
ond vs 3600) and having a slightly better understanding of threatened
pieces and passed pawns in its quiescence analysis.

Belle had also been completely redesigned for this tournament. At the
end of 1979, Ken Thompson announced that he was going to build an
incredibly fast machine with a speed approximating a million nodes per
second! Belle did not achieve this goal for the tournament at Linz, but
did come in at an impressive 160,000 positions per second. Note that this
is an 80 to 1 advantage over Nuchess.

This game, a king’s gambit accepted by transposition, soon lands in
murky waters. White wins back his pawn and another to boot, but Black

278



Appendix to the second edition

works against White’s pinned d-pawn and awkwardly placed pieces forcing
White to lose the exchange. White has aspirations of winning another
pawn as compensation but has not looked deep enough. In trying to hold
onto its material, White allows Black’s rook to penetrate to the eight
rank and attack the king. In an apparent attempt to intensify its attack,
Black gives back the exchange for a pawn. Black’s aggressive behavior
causes little trouble for the White king but does succeed in winning an-
other White pawn, evening up the material and producing a sharp posi-
tion in which both sides have active pieces and passed pawns. After con-
siderable maneuvering in an attempt to win, White is forced by Black’s
dangerous passed a-pawn to settle for a draw by perpetual check. Notes
are by David Slate based on Nuchess’ hardcopy.

White Black
Nuchess Belle
1. f2—f4 e7—-e5
2. e2-e4 e5xf4
3. Ng1-13 d7-d5
4. edxd5 Ng8-f6
5. Bfi-b5+ c7-c6
6. d5xc6 Nb8xc6
7. d2-d4

This is the first move out of book for Nuchess. Its 5-ply search pre-
dicted 7. . . . Qd8-a5+, 8. Nbl—c3, Bf8-b4, 9. Qdl1-d3, Bc8—f5, 10.
Qd3xBf5, Bb4xNc3, 11. Nf3-d2, and scored the final position as a quarter
pawn advantage for White.

7.0 ... Bf8-d6
8. 0-0 0-0
9. Nb1-c3 Bc8-g4
10. Bb5-c4 Bd6-b4
11. Nc¢3-e2 Bb4-d6
12. Ne2xf4

A 4-ply search evaluated this position as a 0.38 pawn edge for White
and predicted a series of captures: 12. . . . Bd6xNf4, 13. BeclxBf4,
Bg4xNf3, 14, Rf1xBf3, Qd8xd4, 15. Qd1xQd4, Nc6xQd4. The exchange
which followed, however, was not quite as bloody.

12 ... .. Bg4xNf3
13. Rf1xBf3

Nuchess did a 6-ply search before making this move and foresaw giv-
ing up the exchange on f3 as well as the capture of Black’s pawn at b7.

Its principal variation matched what actually happened except for 16. . . .
Bc5-d6.
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13. ... Bd6-c5

At this point in the game, Nuchess’ evaluation reached its most opti-
mistic value, over one pawn ahead. Its principal variation matched the
moves actually played through 17. ... Ra8-b8.

14. . .... Nc6-e5
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15. Bcd—e2 Ne5xRf3
16. Be2xNf3

The evaluation dropped to +0.54 pawns as Nuchess began to see the
problems posed by 17. Ra8-b8.

16. . .... Bc5-d6
17. Bf3xb7

The score continued to drop, this time to —0.35 pawns, as Nuchess
predicted having to give up its own pawn at b2.

17. ... .. Ra8-b8
18. Qd1-f3

Nuchess improved its outlook to a little better than even, predicting
that it would hold its pawn at b2 while allowing Black’s rook to check
onel.

18. ... .. Rfg8-e8
19. Bb7—c6 Re8—e1+
20. Kg1-f2
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20. . .... Re1xBc1
21. RaixRc1

Nuchess had not predicted that Black would give back the exchange. In
calculating for 21. RalxRcl, White scored the position as a 0.29 pawns
in its favor and foresaw all the moves that were subsequently played
through 24. . . . Rb2xa2.

21, ... .. Rb8xb2+
22. Kf2—g1 Qd8-c7

23. g2-g3 Bd6xNf4
24. g3xBf4

At this point, Nuchess thought that Black would play g7-g5, since
White’s f~pawn is pinned to the pawn at h2. Despite this potential tactical
shot by Black, Nuchess was still happy about the position.

24, . .. .. Rb2xa2
25. Rc1-b1 Qc7-d6
26. Bc6-b5 Qd6-b8
27. Bb5-d3 Qb8-€e8
28. Kgi-h1 a7-a5
29. Bd3-b5 Qe8-d8
30. Bb5-c4

Nuchess’ evaluation had been rising for the last several moves and
now reached a value of +0.84 pawns. After this, however, it started to

drop again.
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30...... Ra2-¢c2
31. Rb1-b7 Qds-a8
32. BeaAxf7+ Kg8-h8
33. Bf7-d5 Qa8-e8
34. Rb7-b1 Nf6xBd5
35. Qf3xNd5 Rc2xc3

The Black rook has won White’s valuable passed pawn. The White queen
dare not capture Black’s passed rook pawn because of 36. . . . Qe8—e4
forking the White king and rook. This tactical shot by Black improves its
position considerably. Without the adjacent passed pawns, White no longer
has a clear advantage.

36. Qd5-e5 Qe8-a8+
37. d4-d5 Rc3-c8
38. Rbi-g1

A 7-ply search by Nuchess evaluated the position at +4-0.18 pawns
with a principal variation of 38. . . . Qa8-b7, 39. f4-f5, Qb7-{7, 40.
Qe5-e6, Rc8-18, 41. Rgl-f1.

38 ... .. Qa8-b7
39. f4-f5 Qb7-f7
40. Rg1-b1

A more aggressive alternative at this juncture for White would be 40.
Qe5-¢6.

40. ... .. ab-ad
41. Rb1-b8 Rc8xRb8
42. Qe5xRb8+ Qf7-g8
43. Qb8—e5 ad-a3
44, f5-f6

An 8-ply search by Nuchess evaluated the position as 0.19 pawns in
White’s favor with the following lengthy prediction: 44. . . . h7-h6, 45.
foxg7--, Qg8xg7, 46. Qe5-e8+, Kh8-h7, 47. Qe8-e44, Qg7-gb, 48.
Qed—e7+, Kh7-g8, 49. d5-d6, a3-a2, 50. Qe7-d8-+, Kg8-h7, 51. Qd8-
¢7+. Note that Nuchess did not anticipate that Black would steer toward
a draw by repetition with, for example, 47. . . . Kh7-h8, as Black actually
played. The reason for this is that Nuchess has a “weariness” factor, which
causes the program to become more and more willing to draw as the
game “drags” on longer and longer. This “weariness” factor depends on
the move number and the number of consecutive “reversible” moves made
up to the current position. It is a dynamic factor in the draw score as
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opposed to a static rule such as the “contempt” factor discussed in con-
nection with Game 7 in this series. By move 44, the weariness factor had
reached a third of a pawn, which was more than Nuchess thought its
advantage was. Nuchess, however, does not attribute, “weariness” to its
opponent and so while it steered toward the draw, it did not assume that
Belle would try for the draw also.

44, . . ... h7-hé
45. f6xg7+ Qg8xg7
46. Qe5-e8+ Kh8-h7
47. Qe8-ed+ Kh7-h8
48. Qed—e8+ Kh8~h7
49, Qe8-e4+ Kh7-h8
50. Qed-e8+

drawn by repetition
(1/2-1/2)

This game is interesting in that it could easily have been played by two
strong amateur human chess players. There were no obvious “computer
blunders.” The two programs played quite similar games. Nuchess, in fact,
did a fairly good job of anticipating Belle’s moves. Belle made 43 moves
after Nuchess departed from its opening library. Of these 43, Nuchess
anticipated 26. With this tendency to “think” alike, it is not surprising that
each program tends to correctly anticipate the other’s potential threats.

Game 7: 1980 North American Computer Chess Championship
Round 4, October 28, 1980, Nashville, Tennessee

Challenger X (White) vs Belle (Black)

Challenger X was an experimental chess computer from Fidelity Elec-
tronics. A similar machine was eventually sold commercially as the “Cham-
pion Sensory Challenger.” Its authors are Dan and Kathe Spracklen, who
previously developed the Sargon chess program which runs on several
popular microcomputers. For this tournament, the Challenger program
was loaded on special equipment which ran the 6502 processor at 4 mega-
hertz (as compared to 1 megahertz on the Apple computer). Even at this
faster speed, the Challenger only has a small fraction of the computing
power of Belle. Despite this, the Challenger had Belle in serious trouble
and nearly drew the game. Challenger finished the tournament with a
very respectable 2.5-1.5 record.

In addition to demonstrating the improvements in microprocessor-
based chess programs, this game illustrates an interesting problem in
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games between computers and humans and between two computers: how
to evaluate a chance to draw. Most modern chess programs are able to
recognize situations in which one or both players may claim a draw. In
addition, many programs detect such conditions during their lookahead
search which enables them to play towards or away from a draw depend-
ing on how they evaluate the alternatives. The easiest solution is to count
a draw as equivalent to an “even” position, so the computer will play for
one if it thinks it is otherwise behind and avoid one if it thinks it is ahead.
But there are other possibilities. For example, one might, in advance of
a game, inform the program that its opponent is weaker (or stronger)
than it is. This can be done by defining a “contempt” factor which biases
a stronger program to avoid a draw even when the current score shows
it to be behind, or vice versa for a weaker program. This strategy is dis-
cussed in Chapter 4 of this book.

In this game with Belle, Challenger would have been well advised to
set a negative contempt factor, i.e., play for a draw even when slightly
ahead, indicating proper respect for Belle’s considerable crunching power,
For this tournament, Challenger X was hardwired into a memory module
which allowed no possibility of changing this factor which was set so that
the program would refuse to seek a draw unless it were at least a half
pawn behind. In fact, Challenger had an opportunity to draw by repetition
in the game; it declined that opportunity and then went on to lose.

There are at least two interesting lessons in this game. First, even a
microprocessor-based program can sometimes outplay a powerhouse like
Belle and reach an advantageous position. Second, although a lowly micro
may on occasion outplay Belle, it is ill-advised to treat such a beast with
contempt. For this arrogance, Belle deals out swift and certain punishment.

The commentary on this game is by David Levy, a long-time devotee
of computer chess, an International Master, and the tournament director
for all the major computer chess tournaments during the first decade of
this new pastime. Additional notes are provided by David Slate from the
printed record that Belle produced at the tournament.

White Black
Challenger Belle
1. e2—e4 e7-e5
2. Ng1-13 Nb8—c6
3. Bf1-b5s a7-a6
4. Bb5-a4 Ng8-f6
5. 0-0 Nféxe4

DL: The Open Variation, which leads to very lively play, has long
been a favorite of Viktor Korchnoi, and was used by him several times
during his 1978 World Championship match against Karpov.
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6. d2-d4 b7-b5
7. Ba4-b3 d7-ds
8. d4xeb5 Bc8—e6
9. ¢2—¢c3 Bfg-c5

DL: Up to now both programs have been following well-known
opening theory, taken directly from their opening books. Now, however,
Challenger is out of book and at once makes a serious strategic mistake.

10. Bc1-€37?

DL: This allows Black to saddle its opponent with doubled, iso-
lated pawns. Normal here is 10. Nb1-d2.

10. . .. .. Bc5xBe3
11. f2xBe3 Ra8-b8
12. Nb1-d2 Ned—c5

DL: Threatening 13. .. . Nc5-d3, forking the pawns on e5 and b2,
as well as the slower plan of 13. ... 0-0, followed by . . . Nc5-d7, . ..
Rf8—e8, . . . Nd7-f8, and . . . Nf8—g6, when the White pawn at €5 would
soon be lost.

13. Qd1-et Nc5-d3
14. Qe1-g3 0-0
15. Rat-b1?

DL: Perhaps it is a little unfair to give this move a question mark,
since the correct continuation requires a depth of analysis well beyond
the scope of Chess Challenger, but from the pure chess point of view,
White should be criticized. The correct move was 15. Bb3—c2, when Black
would almost certainly have played 15. . . . Nd3xb2, allowing the com-
bination 16. Bc2xh74-, Kg8xBh7, 17. Nf3—g5, Kh7-g8, 18. Qg3-h4,
Rf8—e8, 19. Qh4-h74, Kg8-f8, 20. Ng5xf7, Be6xNf7, 21. Rf1xBf74,
Kf8xRf7, 22. Ral-fl14, Qd8-f6 (not 22. . . . Kf7-e6 because 23. Qh7-
54, Ke6—¢7, 24. Qf5-f7 mate), 23. e5xQf6 and White will win.

DS: In its calculations for its 14th move, Belle, with an 8-ply
search, anticipated that White would respond with Ral-bl.

15. . .. .. Qdg-e7?
16. Bb3-c2 Qe7-c5

DL: Belle had pinned all of its hopes on this move when making
the previous one, but a better plan would have been 15. . . . h7-h6. Now
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White cannot capture on d3 because of . . . Qc5xe34-, but there is some-
thing better for White.
DS: Belle predicted 17. Nf3—g5 with an 8-ply search and scored the

position as equal. Up to this point it had evaluated the game as a little
in its favor.

17. Nf3—g5
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17. ... .. Nc6xe5
18. Ng5xh7 Rf8-d8
DL: Not 18. ... Kg8xh7, 19. Qg3xNe5, winning both of Black’s
knights.
DS: Belle anticipated 19. Nh7-f6- and rated the position as 0.4
pawns advantage to White. This was based on an 8-ply search.
19. Nh7-f6+ Kgs-f8
20. Bc2xNd3 Ne5xBd3
21. Nf6-h5 g7-g6
22. Nh5-f6 Be6-f5?

DL: This move soon lands Black in trouble. There were numerous

alternatives, such as 22. ... b5-b4.

DS: Belle did a 7-ply search here, predicted 23. Qg3—g5, and judged

the position as 0.2 pawns in White’s favor.

23. Qg3-g5 b5-b4
24. Nf6-h7+ Kfg—e8
25. Nh7-f6+ Ke8—f8

DL: Here, and for the next few moves, White could force a draw.

DS:

Belle saw no way to prevent the draw but thought that White

should try to do better. It predicted 25. Nd2-b3 instead of Nh7—£6+4-.
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26. Nd2-b3 Qc5-c4

DS: Belle predicted 27. Nb3—d4 with an evaluation of 0.38 pawns
advantage for White.

27. Nf6-h7+ Kf8-e8
28. c3xb4 Rb8xb4

DS: Belie did an 8-ply search on this move, predicting 29. Nb3-d4
with an advantage for White of 1.12 pawns.

29. Nh7-f6+ Ke8-f8
30. Nf6-g4 Rd8-d6
31. Ng4--h6é Qc4-e4!

DL: A dual purpose move, putting pressure on g2 (see later) and
supporting the king side.

DS: Belle’s 8-ply search predicted 32. Nh6xBfS and judged that
White had an advantage of about one pawn.

32. Rf1xBf51?

DL: An interesting sacrifice that gives up the exchange and, un-
fortunately for White, simply fails. If White had vacillated, however,
Black could have played . . . Bf5—e6 or . . . Nd3—¢5 followed by . . .
Ne5-g4, when Black has the more active game.

32...... g6xRf5
33. Qg5-g8+ Kfg-e7
34. Qg8xf7+ Ke7-d8
35. Nhéxf5 Rd6-c6
36. h2-h4
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DL: A typical computer move, and not a bad try. In many varia-

tions White only just fails to promote this pawn.
DS: Belle did not expect this move. It had been expecting 36.

Nb3-d4 or 36. Qf7-g8-. After the pawn move, Black’s evaluation im-
proved to an even game.

36. ..... Rc6-c21

PWF: The Black king is fearless. He has dismissed his defending
troops from the royal chamber and apparently plans to deal with the
wrath of White’s attack on his own.

37. Of7-f8+ Kd8-d7
38. Qf8—f7+ Kd7-c8

DS: Belle’s 7-ply search predicted 39. Qf7-g6 and now judged the
position to be a one pawn advantage for Black.

39. Qf7-g6 Kc8-b7
40. Nb3-a5+

5 ¢ :’.._
4
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1

40. .. ... Kb7-a8!!

DL: A very profound move. Black gives up a pawn with check in
order to cause its opponent to lose a tempo (a move). White then finds
its queen on the wrong flank, and in bringing it back to the K-side White

hands over the initiative for just long enough.
DS: Belle searched 7-plies, predicted 41. Qgbxa6+, and judged the

position as advantageous to Black by 1.1 pawns.

41, Qg6xab+ Ka8-b8g
42. Qab6-g6
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DL: This move is forced. White has to prevent mate on g2.
42, ... .. Nd3-e5!

DL: A deadly blow. Threatening the queen as well as . . . Re2xg24-.
DS: Belle did an 8-ply search before selecting this move and judged
the position as a three pawn advantage for Black.

43. Qg6-g8+ Kb8-a7
44. Rb1-f1 Rb4xb2

DS: At this point, Belle saw an overwhelming edge for Black. After
failing to make its brave attack stick, White is in very serious trouble.
DL: White could well resign here, to save further embarrassment.

45. Kg1-ht Rc2xg2
46. Na5-c6+ Ne5xNc6é
47. Qg8-a8+ Ka7xQa8
48. a2-ad

DL: Having delayed mate for as long as possible, White finally runs
out of checks and can find no further defense. With victory at hand, Belle
surprisingly displays a bug.

48. . . ... Ka8-b8?
49, ad-a5 Kb8-a8?
50. a5-ab Ka8-a7?
51. h4-h5 Ka7-b6?
52. a6-a7 Rg2-g1+
DL: Atlast!
53. KhixRg1 Qed—g2 mate
(0-1)

DL: This has to be one of the most exciting games in the history
of the ACM tournaments.

Game 8: Fredkin Prize Incentive Match
November 14, 1980, Carnegie-Mellon University

Belle (White) vs Gibson (Black)

This was the second Fredkin Prize Incentive Match. The first had been
held a few months earlier between Chess 4.9 and a human player with
a USCEF rating of 2050. That had ended in a tie with each player winning
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a game. In this match, Belle was paired against a human player with a
rating of 2132. The first game of the match ended in a draw. We present
here the second game, which gave Belle a 12 to ¥ victory and offered
further evidence that Belle was nearing master strength.

Belle’s win in this game did not result from an obvious blunder by its
opponent or from a single devastating tactical shot. Instead, Belle used
tactical threats to skillfully immobilize the opponent’s pieces and then
steadily increased the pressure until Black could no longer hold the posi-
tion. Hans Berliner was especially impressed by Belle’s ability in this
game to maintain control of the dark squares in such a way that Black’s
lone bishop was much less useful than White’s knight. This type of play
by Belle is significant since it is a side effect of the search process rather
than being produced by special knowledge which might have been pro-
grammed into the evaluation function.

White Black
Belle Gibson
1. e2-e4 e7-e5
2. Ng1-f3 Nb8-c6
3. Bf1-b5 a7-ab
4. Bb5-a4 Ng8-f6
5. 0-0 d7-dé
6. BadxNc6+ b7xBc6
7. d2-d4 Nf6xed
8. d4xebd d6-d5
9. Nbi1-d2 Bc8—g4
10. ¢c2-c3 Ne4xNd2
11. Beixd2 Bf8—e7
12. Qd1-a4 Qds-d7
13. e5-eb

DS: This move was selected by the 8-ply search but none of the
shallower searches. Belle predicted 13. . . . Bg4xe6 and scored the posi-
tion as 0.1 pawns advantage for White.

13. ... .. Bg4xeb
14. Nf3-e5 Qd7-d6
15. Bd2-f4 Qdé-c5
16. Qadxc6+ Qc5xQch
17. Nd4xQc6

DS: Predicting 17. . . . Be7—5 and judging the position as slightly
advantageous to Black. Belle’s evaluation reached its lowest point in the
game with this move.

17. ..., Be7-f6

290



- N w h O O N @

DS: Belle’s 8-ply search predicted 25. . . .

Appendix to the second edition

Xy
—
-

,,,,,,,,,

//J'

BT TE
W E Eim
tmomel
B Eim W
B E o
moE
A W EAM

/

5 ¢ | B&

abcdef gh

18. Rfl—el 0-0
19. Bf4—e5 Bf6xBe5
20. Nc6-e7+ Kg8-h8
21. RetxBeb Rf8—d8
22. Ral-el Rd8-d7
23. Ne7-c6 Rd7-d6
24. Nc6-d4 Ra8-e8
25. b2-b4

advantage to White of 0.28 pawns.
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25. . . ... g7-g6

26. f2-f4 Kh8—g8

27. f4-£5 g6xf5

28. Nd4xf5 Rd6-c6
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29. Rel-e3 Kg8-f8
30. Nf5-d4 Rc6-d6

Kh8—g8 and scored an
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31. Re5-h5 Kfs-g8
32. Re3—-e5 c7-cb
33. Re5-g5+

DS: Belle’s 8-ply search predicted 33. . . . Kg8—f8 and judged the
position as 1.2 pawns in White’s favor. This is the first point at which
Belle thought it was winning material. The 2- and 3-ply iterations wanted
to play Re5-g5-+ but did not realize that it would win material. The 4-ply
search selected Rh5-h6 because it did appear to win a pawn. The selection
of Re5-g5-+ by the 8-ply search occurred because Belle foresaw the pawn
capture and judged the resulting position as better than that resulting after
33. Rh5-h6.

3. ..... Kg8-hs
34. Rh5-h6 Re8—g8
35. Rg5-h5

DS: Now Belle sees winning two pawns. It is interesting that all
the iterations wanted to play 35. Rg5-h5 but not for the same reasons.
The 2-ply search thought it was good positionally. Iterations 3 through 6
thought it would win one pawn. Iterations 7 through 9 saw it winning
two pawns.

35. .. ... Rg8-g6
36. Rh6xh7+ Kh8-g8
37. Rh7-h8+ Kg8-g7
38. Rh5-h7+ Kg7-f6
39. Rh8-a8 Kf6-e5
40. Ra8xa6

DS: At this point, Belle realized that she would soon safely acquire
a third pawn.
40. . .... Ke5-e4
41. Rabxc6 Rd6xRc6
42, Nd4xRc6 Be6-d7
43. Rh7-h4+ Rg6-g4

PWF: Not Ke4—d3 because Nc6-e5-+ and Black loses his bishop.

44. Rh4xRgd+ Bd7xRg4
45, h2-h4 f7-f6
46. b4-b5 Ke4—d3
47. Nc6-e7 Kd3xc3
48, b5-bb ds—d4
49. b6-b7 da-d3
50. b7-b8=Q d3-d2
51. Qb8-b3+ Resigns

DS:

(1-0)

In this game, Belle correctly anticipated its opponent’s move

22 times. Discounting the moves from the opening library when no predic-
tion is made, this approximates 50%.
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Game 9: Fredkin Prize Incentive Match
Second game, August 26, 1981, Vancouver, B.C.

Belle (White) vs Storey (Black)

Carl Storey, a Canadian with a USCF rating of 2206, defended the honor
of human masters everywhere against the upstart computers by winning
both games against Belle and a $2500 prize. He may have read a book or
two on computer chess before the match. His playing style could be called
“textbook” anticomputer technique: Play careful, quiet, positional chess,
and wait for an opportunity to lure the machine into an endgame it doesn’t
understand. Probe the machine’s defenses until it makes a strategic error
and then infiltrate and mop up.

The commentary for this game is based on comments by Hans Berliner
published in the ACM Sigart Newsletter, April, 1982, and from Belle’s
printed record as analyzed by David Slate.

White Black
Belle Storey
1. e2-e4 g7-g6
2. d2-d4 Bfg8—g7
3. Ng1-f3 d7-d6
4. Nb1-c3 Ng8-f6
5. Bf1-e2 0-0

6. 0-O c7-c6
7. a2-a4 Qd8-c7
8. h2-h3 e7-e5
9. Rf1—e1 Nb8-d7
10. Be2-f1 Rf8—e8

HB: Both sides have followed standard book openings so far.

11. d4-d5 a7-ab
12. Bc1-g5

HB: Thisis an unusual move for White.

120 . ... h7-h6
13. Bg5-e3 c6xd5
14. Nc3xd5 Nf6xNd5
15. Qd1xNd5 Nd7-f6
16. Qd5-c4 Qc7xQc4
17. Bf1xQc4 Nf6xed

HB: The position already favors Black somewhat; however, 17. . . .
Bc8-d7 would have been even stronger for Black.
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18. Be3xhé Bg7xBh6
19. Re1xNed Bc8-f5
20. Re4-h4 Bh6-g7
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21. Bc4-d5 Re8-e7
22. c2—c3 eb-e4
23. Nf3-d4 Bg7xNd4
24. c¢3xBd4 Kg8—g7

25. Rh4-f4 Ra8-e8
26. b2-b4 Bf5-c8
27. Ral-a3 f7-f5

28. Ra3-g3 ed-e3?

29. f2xe3 Re7xe3
30. Kgi-h2 Re3xRg3
31. Kh2xRg3 Re8-ef1
32. Bd5-b3 b7-b6
33. Rf4-f3 Ret-e4
34. Rf3-d3 Bc8-b7
35. Bb3-d1 Red-e1
36. Kg3-f2 Re1-e7

HB: Belle’s best chance here is 21. Nf3—g5, Re8—e7, 22. Ng5-e4,
with tactical chances.

PWF: The game to this point is very instructive. Storey selected a
quiet opening and has managed to trade pieces and pawns without enter-
ing into any wild tactical battles. The material is equal and Black seems to
have a slight positional advantage. Compare this middle game to the
shoot-out in Game 5 where the human opponent lost to Bebe.

HB: A better move for Black would have been 28. . . . Kg7-f6.



Appendix to the second edition

R EE
1%W%_%:%

 mcE m
T
' e .

abcdefgh

\

N W A (._YI_-O~ N

PWF: Who is winning here? Certainly an amateur chess player
would not know. What should White do? Not an easy question at all.
Belle’s problem is that there are no obvious short-range goals and there-
fore even a relatively deep lookahead does not find anything useful to
do. To play this position properly, the program has to possess special
knowledge about this type of endgame position. Computer chess programs
currently do not have such knowledge.

37. Bd1-f3?

HB: This move is suicidal; after this move the only hope for White
is 38. g2xBf3. Even then it is doubtful that the position could be saved.

DS: All iterations chose this move, but only the last one (9-ply)
correctly anticipated that Black would trade the bishops. Belle saw only
asmall (0.13 pawns) advantage for Black at this point.

37. . . ... Bb7xBf3
38. Kf2xBf3 Re7-c7
39. Rd3-b3 Rc7-c4
40. ad4-ab b6-b5
41, Kf3-e3

DS: After a 10-ply search, Belle concluded that it was a pawn
down. But this score oscillated over the next few moves between about
minus one pawn and minus one-half pawn.

4. ... .. 96-g5

42. Ke3-d3 Kg7-f6
43. Rb3-c3 Rc4xRe3+
44. Kd3xRc3
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DS: All of the iterations chose this move, but the deeper Belle
looked, the worse its evaluation became. The 3-ply search scored it as
—0.09 pawns. The 13-ply search scored it as —1.38 pawns. It is clear
that Belle’s static evaluation function was unable to see the hopelessness
of its situation, but the deep lookahead search began to get the idea.

4. .. ... f5-f4
45. Kc3-d3 Kf6-f5
46. d4-d5 Kf5-e5
47. Kd3-e2 Ke5xd5
48. Resigns

(0-1)

HB: This game provides an apt demonstration for the computer
chess community that going 11 plies deep in an endgame is not enough
for Master play unless the terminal nodes are evaluated with a lot of
knowledge.

Game 10: 1981 Mississippi State Championship
Round 4, September, 1981, Hattiesburg, Mississippi

Joseph Sentef (White) vs Cray Blitz (Black)

Cray Blitz was developed at the University of Southern Mississippi by
Robert Hyatt and Albert Gower. Previously known as Blitz (see Game 2),
the program was modified in 1980 to run on the CRAY-1, one of the most
powerful computers ever built, and has been a formidable brute-force
chess player ever since. In September, 1981, Cray Blitz became the first
computer to win a State championship in the United States. It went 5-0
in the Mississippi State Championship tournament but was ineligible to
accept the title.

The game presented here was against Joseph Sentef, a master and
former State champion with a USCF rating of 2262. The game is another
example of the wild, hair-raising tactical battles that often result when
human players try an aggressive approach against one of the stronger
computer chess programs. The computer miraculously survives an attack
on its king and then wins quickly when its opponent blunders under time
pressure after the long tense struggle.

The commentary on this game is based on an annotation by Robert
Hyatt, He provides interesting technical data on the program’s perform-
ance, including the number of nodes examined, the machine’s evaluation,
and the reply it anticipates. Hyatt also includes occasional remarks as the
game progresses.
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White
Sentef

. c2-c4
. Nb1-¢c3
Ng1-f3
c4xds
. d2-d4
. g2-g3
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Black
Cray Blitz

Ng8-f6
c7-cb
d7-d5
c6xd5
Nb8—c6
Nf6-e4

Cray Blitz has a limited opening library on the English opening. In se-
lecting this move, it examined 384,000 nodes, expected White to reply
with Bf1—g2, and evaluated the position as 0.18 pawns in Black’s favor.

7. Bf1—g2
8. b2xNc¢3
9. 0-0

10. Qd1-c2

NedxNc3
e7-eb
Bf8-d6
0-0

The machine’s deliberation included 508,000 nodes and produced an
expectation of Ral-bl with an evaluation of 0.12 pawns for Black.

11. Nf3-g¢5
12. f2-f4

13. Qc2-d3
14. Be1-~d2
15. Bd2-c1

f7-£5

Nc6-a5
Qds-d7
Na5-c4
Qd7-a4

This move was selected after considering 356,000 nodes. The machine
expected a reply of e2—e3 and judged the position to be 0.22 pawns in

Black’s favor.
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16. g3-g4

h7-hé

297



Appendix to the second edition

White pondered for 30 minutes before launching his attack on the king
side. Cray Blitz was totally unaware of what was to come. It examined
378,000 nodes, thought it was winning a pawn (1.24 pawns in Black’s
favor), and expected g4xf5.

17. g4xf5 h6xNg5
18. fAxg5 Bd6-a3
19. g5-g6 Ba3xBc1
20. Ra1xBc1 Nc4-d6

Cray Blitz is starting to perceive the danger and recalls its knight for
defensive work close to home. The evaluation dropped to 0.89 pawns
and the 11-ply principal variation anticipated that the game would continue
21. Qd3-h3, Rf8xf5, 22. Qh3-h74, Kg8-f8, 23. Qh7-h8-, Kf8—e7,
24, Qh8xg7+, Ke7-d8, 25. Rf1xRf5, Nd6xRf5. This is exactly what
happened.

21. Qd3-h3 Rf8xf5
22. Qh3-h7+ Kgs-f8
23, Qh7-h8+ Kfs-e7
24. Qh8xg7+ Ke7-d8

At this point, the machine senses the potential trouble which is ahead.
After examining 359,000 nodes, it judges the position as being in White’s
favor for the first time (—0.43 pawns). It predicts 25. Qg7-h8 -+, Kd8-e7,
26. g6-g7, Nd6-£7, 27. Rf1xRf5, e6xf5, 28. Bg2xds5.

25. Rf1xRf5 Nd6xRf5

White is under time pressure and decides to capture immediately at £5.
Cray Blitz recaptures with his knight and now judges the position as
favorable (+0.41 pawns). The White pawn at g6 now looks less dan-
gerous.

26. Qg7-f6+ Nf5-e7
27. g6-g7 Qald—e8
28. Bg2-3 Kd8-d7
29. Re1-f1 Ne7-g8

The machine believes it will be able to hold the position. It judges that
it is still slightly ahead (0.31 pawns) and anticipates 30. Qf6—g5 followed
shortly by a queen exchange.

30. Qf6—g5 Qe8—e7
31. Qg5-g6 Kd7-d6
32. e2-¢e4 d5xed

White took ten minutes before making the pawn advance to e4. He is
now in serious time trouble. Black did not expect this move. It now judges
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the position as favorable to White (—0.22 pawns) and anticipates 33.

Qg6-g3+.
33. Bf3xed

Qe7-h4
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34. Qg6-g3+

Qh4xQg3+

Cray Blitz examined 610,000 nodes before capturing at g3. It now
judged the position as clearly in White’s favor (—1.46 pawns) and antici-
pates 35. h2xQg3, Bc8—d7, 36. Rf1-£8, Ra8—c8, 37. Rf8xRc8, Bd7xRc8,
38. Bed-h7, Ng8—e7, 39. g7-¢8-=Q, Ne7xQg8, 40. Bh7xNg8.

35. h2xQg3
36. Rf1-f8

Bc8-d7
Ra8-c8

The machine looked at 1,395,000 nodes and judges the position as
—1.31 pawns. It anticipates 37. Rf8xRc8. White has less than 8 minutes

to make his next 14 moves.

37. Be4-h7

Rc8xc3

Blitz’s outlook suddenly improves. It now judges the game as dead even.

38. Rf8xNg8
39. Kg1-f2
40. Bh7-e4
4. Kf2-e3
42. Rg8-a8

Rc3xg3+
Rg3—g5
b7-b6
e6-e5
Rg5-g3+

White now has one minute to make his next eight moves. Cray Blitz
judges the position in its favor (+0.64 pawns) and anticipates 43. Be4—f3.

43. Ke3-f2
44. d4xe5+
45. Bed4—f3

Rg3xg7
Kd6xe5
Bd7-€e6
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The smoke has cleared and Black has an extra pawn. The machine now
evaluates the position in its favor by 0.76 pawns and predicts Ra8—e8.
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46. a2-a4

Rg7-f7

Cray Blitz’s evaluation improves by almost a pawn. It now judges the
position at 4-1.66 after examining 733,000 positions. The principal varia-
tion was 47. Ra8—e8, Rf7-f4, 48. a4—a5, b6xaS, 49. Kif2—e3, Kf4—{7,

50. Bf3—e4.

47. Kf2-e3?

Rf7xBf3+

White’s mistake under time pressure ends the battle. The machine now
evaluates the position as 4-4.09 pawns. White is down a bishop and a pawn

no matter what he does.

48. Ke3xRf3 Be6-d5+
49, Kf3-e3 Bd5xRa8
50. a4-a5 Ba8—e4
51. Ke3—-d2 Ke5-d4

The machine now perceives the pawn promotion. Its evaluation jumps

to +10.87 pawns.
52. Kd2-c1 b6-b5
53. Kc1-b2 Kd4-c4
54. a5-ab b5-b4
55. Kb2-a2 Kcd-c3
Resigns
(0-1)
After 55. . . . Kc4—c3, Blitz announced mate in 6.
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Game 11: Second World Microcomputer Chess Championship
Round 2, September, 1981, Travemunde, West Germany

Fidelity X (White) vs Princhess 2.9 (Black)

Microcomputers that play chess, unheard of only a few years ago, now
have their own tournaments. The better programs even give the main-
frames a tough battle. The surprising ability of current microcomputer
programs seems to indicate that in a few years just about anyone will be
able to afford a chess computer which plays at a very respectable level.

The game presented here is between two of the better programs. Fidel-
ity X, the eventual winner of the tournament, is a more recent version of
Challenger X which participated in Game 7, It is a small unit designed
specifically for chess. The program was produced by Dan and Kathe
Spracklen. Princhess 2.9 is the creation of Ulf Rathsman of Sparga, Swe-
den. It finished second in the tournament with a 5-2 score.

Fidelity X won a pawn early in the game with a simple tactical shot.
Princhess fought back, however, and finally evened the material in the
endgame. But then, apparently underestimating the importance of a passed
pawn, Princhess let Fidelity X push its pawns while ignoring its own. This
finally led to its downfall. Commentary by Peter Frey.

White Black
Fidelity X Princhess 2.9
1. e2-e4 e7-e5

2. Ng1-f3 Nb8—c6

3. Bf1-b5 Nc6-d4

4, Nf3xNd4 e5xNd4

5. 0-0 Bf8—c5

6. d2-d3 Ng8-e7

7. Be1-g5 c7—c6

8. Bb5-c4 f7-f67

N W A~ 00O NN
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Black’s opening moves are notably weak. Its attempt to dislodge the
White bishop at g5 by 8. .. . {7-f6 is bad for two reasons. It weakens
the king’s position and at the same time opens the door to a simple tactical
shot for White.

9. Bg5xf6 g7xBf6
10. Qd1-h5+ Ne7-g6
11. Qh5xBc5 Qd8-b6
12. Qc5xQb6

With the Black king trapped without pawn cover, White should keep its
queen in order to mount an attack on the vulnerable Black monarch.
Trading queens at this juncture is very beneficial for Black. A stronger
move for White would have been 12. Qc5-d6.

12, . ..., a7xQb6
13. Nb1-d2 d7-d6
14. Nd2-f3 b6-b5
15. Bc4-b3 ¢c6-¢c5
16. Bb3—d5 Ng6-f4
17. Bd5-b3 Bc8—g4
18. Nf3-d2 Bg4—-e2
19. Rf1-el Ra8-c8
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White has been playing passively and now finds itself short of space.
Careful play is now required or Black’s aggressiveness may begin to pay
dividends.
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20.
21.
22.
23.
24,
25.
26.
217.
28.
29.
30.
31.
32,

g2-g3
Kgi-g2
f2—{3
Bb3-d5
a2-a4
Nd2-c4
Nc4-b6
Nb6xBd7
f3-f4
Bd5-c4
Bc4--b5
Ra1xa4
Bb5xRa4d
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Nf4-h3+4
Be2—-g4
Bg4-d7
Rc8-c7
b5xa4
Ke8-e7
Nh3-g5
Rc7xNd7
Ng5-f7
Rh8-a8
Rd7-d8
Ra8xRa4

/fI

.
7

L Y v
2§

i

\

557 2 v

j[¢
? /{é

R

A

7 4

.

7.

BN
N

N

wn; e b wanis
abcdef gh
32...... b7-b5
33. Ba4-b3 Nf7-h6
34. e4-e5 foxe5
35. f4xebd Nh6—f5
36. Rel—e4 Nf5-e3+
37. Kg2-h3 d6xe5
38. Redxe5+ Ke7-d6
39. Re5-eb+ Kd6-c7
40. c2—c3 Rds—d6
41. Reb-e7+ Kc7-c6
42. Re7xh7 d4xc3
43. b2xc3 Rd6xd3
44. Rh7-h6+ Kc6-c7
45. Rh6-h74 Kc7-b6
46. Rh7-h6+- Kb6-a5
47. Bb3-eb Rd3xc3
48. Be6-c8
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After an interesting battle, the material is equal. The game has become
a contest to see who can promote a pawn first. Although both sides have
opportunities, Black has the more favorable position.

49. Rh6-a6+
50. Kh3-g4
51. Kg4—g5
52. h2-h4
53. Bc8-15
54. g3-g4
55. g4xNf5

Ne3-d5
Ka5-b4
Re3—-c4+
Rc4—-e4
Red4-e5+
Nd5-e3
Ne3xBf5

The White pawns are on the move. The Black pawns are passive spec-

tators.

Re5-e4
Red—e5+4+
Re5—e3
Re3-g3+
Rg3-f3+
Rf3xf7+
Kb4-c3
Resigns

(1-0)

This game between two of the strongest microcomputer programs indi-
cates that there is still a significant difference between microcomputer
chess and mainframe chess. Fidelity X played a steady if not spectacular
game. Princhess was notably weak in the opening, aggressively strong in
the middle game, and woefully uninformed about what is required in the
endgame. With the rapid advances in computer miniaturization and with
small-system programmers gaining chess experience, one can be optimistic

about future improvements in this area.
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Game 12: 1981 North American Computer Chess Championship
Round 3, November 9, 1981, Los Angeles, California

Philidor (White) vs L'excentrique (Black)

Philidor, running on an Osborne-1 microcomputer, is the creation of
David Broughton, Mark Taylor, David Levy, Mike Johnson, and Kevin
O’Connell, and was represented at the tournament by David Levy. This
marked a major change of roles for the British master. In the past, Levy
had been the director of almost all of the major computer chess tourna-
ments and had gained considerable publicity by betting that no computer
could beat him in a tournament-style match. Perhaps Levy is hedging
his bets on the philosophy that if “you cannot beat them, you might as
well join them.” At ACM 81, Philidor did very well for a micro, scoring
2.5-1.5.

L’excentrique, by Claude Jarry of McGill University in Montreal, is
an efficient implementation of the brute force strategy, searching 20,000
nodes per second on an Amdahl V7. The program is almost devoid of
chess knowledge and emphasizes deep search with minimal time spent
evaluating terminal nodes. Monty Newborn, who was Jarry’s advisor at
McGill, says that L’excentrique is compact, clean, and simple. This ap-
proach appears to have some merit because the program has performed
well in tournament competition, including a win over Chess 4.9 at the
world championship in 1980.

The game came down to a king and pawn ending in which, despite its
two-pawn advantage, Philidor could find no way to make progress. Both
sides began to make aimless king moves. At the prearranged adjournment
time, the tournament director assessed the situation and determined that
White had a won position and awarded the game to Philidor. Commentary
on this game is by Mike Valvo.

White Black

Philidor L’excentrique
1. e2-e4 c7-c6

2. d2-d4 d7-d5

3. e4-€5 Bc8-f5

4. Ngi-e2 e7-eb6

5. Ne2-g3 Bf5-g6

6. Bf1-d3 h7-h5?

In this variation of the Caro Kann opening, either 6. . . . Bg6xBd3 or

6. ...c6-c5 are to be preferred.
7. 0-0
White could have gained a positional advantage by 7. Bd3xBg6.

306



Appendix to the second edition

7.0, .. h5-h4
8. Ng3-e2 Bg6xBd3
9. Qd1xBd3 Nb8-d7
10. Nbi-d2 Bfg—e7
11. c2—c3 Qd8—c7
12. Nd2-f3

The thematic break initiated by 12. f2-f4 is more than adequately met
by 12....g7—g6.

12. ... .. 0-0-0
13. Be1-f4 b7-b5?

“Beauty is skin deep, but ugly goes clean to the bone.” After this,
Black’s game is technically lost.

14. a2-a4 Qc7-b7
15. b2-b4

15. a4xb5, c6xb5, 16. Ral-a5, a7-a6, 17. Rfl-al, Nd7-b8§, 18. b2-b3!
and White has excellent attacking prospects.

15. ..... b5xad

15. . . . a7-a6 offers better defensive prospects. White can, however,
triple on the a-file and coupled with knight maneuvers to c5, force Black
to concede.

16. Raixa4 f7-15
17. Bf4—e3

Pointless. 17. Rf1—-al wins material.

17. ... .. Nd7-b6
18. Rad—a2 Nb6-c4

18. . . . Kc8-d7 offers prospects of defending the a-pawn.
19. Be3-f4

It is still not too late for Rfl—-al with ideas similar to those mentioned
earlier.

19. .. ... Ke8-d7
20. Ra2-a4

White seems to have no idea about what’s going on.

20 .. ... a7-ab
21. g2-g3 h4-h3
22. Rad-a2 Rh8-h5
23. Rfi—e1
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Why?
23. ..... Rd8-f8
24, Bfd—ci1 g7-g5
25. Nf3-d2 Nc4xNd2
26. Bc1xNd2 Rf8-a8
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Black is in trouble. 26. . . . Qb7-b5 is no better; 27. Qd3xQb5, a6xQb5,
28. Ra2-a7+, Kd7-c8, 29. Rel-al and White can then position his
knight on a5.

27. Rel-at
Finally!

27. . . ... Qb7-b5
28. Qd3xQbs c6xQb5
29. fo—f4 g5-g4
30. Ra2xab Ra8xRa6
31. RaixRa6 Be7-d8
32. Rab-d6+ Kd7-e7
33. Bd2—et

The obvious move for a human here would be 33. Ne2—1. Note that
33. Rd6—c6, Ke7-d7, 34. Rc6—c5, Bb6 does not win a pawn for White.

33...... Bds—c7
34. Rd6-a6 Ng8-hé
35. Be1-d2

The obvious move here is still Ne2—c1.

35. ..., Nh6-f7
36. Ra6-c6 Ke7-d7
37. Rcb-ab

White realizes that Rc6—c5 fails as described before.
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37. . ..., Nf7-d8
38. Ne2—c1

Finally!
38...... Rh5-h7
39. Nc1-d3 Kd7-c8
40. Nd3-c5 Bc7-b8?

Black overlooks 40. . . . Rh7-¢7, 41. Ra6-a84, Bc7-b8, 42. Ra8—a$5,
Re7-a7!

41. Nc5xe6 Rh7-h6!
42. Ne6-c7 Rh6xRa6
43. Nc7xRa6 Nd8-e6
44. Bd2-e3 Bb8—c7
45. Kgi-f1 Kcs—d7
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46. NabxBc7

After this, the game is a draw. The only winning chance was 46. Na6—
cS++.
46. . .. .. Ne6xNc7
47. Kf1-e2 Nc7-a8

Humans would abandon this position as a draw. But Black has a losing
plan beginning with this move.

48. Ke2-d3 Na8-b6
49. Be3-d2 Nb6-c4
50. Bd2—ct

White avoids the exchange, preventing Black’s attempt at hari-kari.

50...... Kd7-e7
51. Be1—d2 Nc4xBd2??
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The purpose of the knight’s migration and the only way to lose.

52. Kd3xNd2 KeT—7
53. Kd2-e3 Kf7-e7
54. Ke3-f2 Kf7-d7
55. Kf2-e3 Kd7-c7
56. Ke3—-d3 Ke7-d7
57. Kd3-d2 Kd7-e7
58. Kd2-e3 Ke7-d7
59. Ke3—d3 Kd7-e7
60. Kd3—d2 Ke7-d7
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By prior arrangement, the game was adjudicated at midnight. Mike
Valvo determined that best play for both sides would produce a win for
White. It is extremely doubtful, however, that Philidor could find the
winning sacrifice. This raises the question of adjudication by best play
without regard to level of the players.

The uncomfortable outcome of this match is quite similar to that in the
Duchess-Chaos match in Game 4. Adjudication by best play not only
can give a win to a program which, in all likelihood, would never find it
on its own, but also can lead to subjective decisions. Recent analysis ques-
tions whether the position above is a win for White. Black, with proper
play, may be able to hold the position.

One of us (PWF) would like to see the tournament rules modified to
hasten the rate of play and remove the need for matches to be adjudicated
by the tournament director. One possible way to do this would be to set a
1 minute per move time control for the entire match and declare any
game which is not decided in 100 moves a draw. The 1 minute time limit
would decrease the depth of search by slightly more than one-half ply.
This would decrease the level of performance slightly but the benefits
of the change outweigh this negative factor. Against human opponents,
the machines could adopt whatever time limit had been established for
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that particular tournament. The 100-move rule would make it necessary
for the programs to deal effectively with endgame play. The current rules
allow some of the programs to essentially avoid dealing with this important
aspect of the game, The 100-move rule would penalize programs very
heavily for not being able to play efficiently in the endgame. This is desir-
able and fair.

With both of these rules in effect, the computer chess tournaments
would not drag on late into the night for four consecutive days. The maxi-
mum length of time for any one game would be 3 hours and 20 minutes.
It would be possible to play two games a day and finish a four-round
tournament in a weekend. The telephone expense of the tournament would
be reduced considerably and many teams would be able to maintain time
on the mainframe of their preference if weeknight games were not required.
From the point of view of the spectators, the matches would be more
exciting with moves coming every minute or less in each game. With all
games completed in less than 4 hours and with no problems over adjudi-
cation, the pairings for the next round could be done before the pro-
grammers started to make preparations for the next match. These benefits
seem to outweigh the fact that the level of play would be reduced slightly.

Game 13: 1981 North American Computer Chess Championship
Round 4, November 10, 1981, Los Angeles, California

Cray Blitz (White) vs Belle (Black)

This brute-force battle, which decided the 1981 championship, is both
exciting and instructive. In spite of rumors to the contrary, even the strong-
est programs make tactical mistakes. The nature of an exhaustive, full-
width search is such that brute-force programs tend to “see” all of the
short-range (a few moves deep) exchanges, some of the middle-range
tactics, but very little of the long-range (ten moves deep or more) tactical
threats. Thus the computer has a definite horizon which is much sharper
than that of the human player. Humans sometimes fall prey to a short-
range shot but at the same time can apprehend some very deep tactical
threats, When a computer wins by making a nice tactical combination,
it is often because the relevant exchanges just happened to lie within its
search boundary. The machine’s horizon depends not only on the nominal
depth of its full-width search but also on the nature of the quiescence
analysis done at the terminal nodes. Programs typically search sequences
of captures at the end nodes of the full-width tree and sometimes also
extend the lookahead for certain kinds of checks and other threats. Also,
some of the programs do not search all lines full-width to the same fixed
depth. For example, Belle and Nuchess do not count checks as plies, so
even a “5-ply” search may examine five checking moves by one side and
the responses to them by the opponent. All of these factors influence a
program’s ability to calculate tactical variations accurately.
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In this game, a crucial position arose after Belle’s 27th move. Belle
had calculated on its 26th move that Cray Blitz would play 28. Qe6xNb6
and Belle would then have mating threats that would force Blitz to sacri-
fice a queen for a rook. Belle expected to be slightly ahead after its 31st
move. Belle completely missed the effectiveness for Blitz of 28. Bclxhé.
On the other side of the board, Cray Blitz also missed 28. Bclxh6 and
thought it was winning a whole piece after Qe6xNbé, failing to see Belle’s
threat. The game then went exactly as Belle had predicted through move
31 and both sides (especially Blitz) were surprised to find that Belle
easily won the resulting queen vs rook and bishop ending. The reason that
Cray Blitz did not perceive what was about to happen when it played 28.
Qe6xNb6 is that it did “only” a 6-ply search and fell prey to the “horizon
effect” produced by its own checks on moves 29 and 30 which delayed
Black’s mating threat and effectively pushed it past the 6-ply limit.

These two delaying moves, while not likely to confuse a human master,
add 4 plies to the crucial variation and thus invalidated the accuracy of
Blitz’s 6-ply search. Belle, which does not count a checking move as a
ply, suffered only a 2-ply delay in its search and was not so easily fooled.
The importance of adding sophistication to the quiescence search is em-
phasized by submitting this position to Nuchess which has special heuris-
tics for this aspect of the search. With a nominal 4-ply search which
examined 29,411 nodes, Nuchess saw at move 28 what Blitz failed to see
after processing 183,992 nodes. Nuchess, however, missed Bclxh6é just
like the other programs and evaluated the position after 31. . . . Qd3xRf1
as a close game just as Belle had done.

The evaluative commentary for this game is provided by Mike Valvo.
The notes by David Slate are based on information from the machines’
records.

White Black
Cray Blitz Belle

1. e2—-e4 e7-e5
2. Ng1-f3 Nb8—c6
3. Bf1—c4 Ng8-f6
4. Nf3-g5 d7-d5
5. edxd5 Nc6-a5
6. Bc4-b5+ c7—c6
7. d5xc6 b7xc6
8. Qd1-£3 Ra8-b8
9. Bb5xc6+ Na5xBc6
10. Qf3xNc6-+ Nf6—-d7
11. d2—d3 Bf8—e7
12. Ng5-¢e4

DS: Until now both machines were playing from their opening
book. After 12. Ng5—¢4, Black is out of its book and has to calculate on
its own for the first time.
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Bc8-b7?

MV: This is the wrong move for Black. Instead, Belle should have
played 12. . .. Rb8-b6!? and then 13. Qc6-a4, f7-£5, 14. Ned4-g3, O-O
and Black has adequate compensation for the pawns with moves like
Bc8-b7, Rb6-b4, and Be7—c5.

DS: After Black’s unexpected move, White is now out of book also.

13. Qc6-a4 Qd8—c7

14. Nb1-c3 Bb7-c6

15. Qad-c4 Qc7-c8

16. Nc3-d5 Bc6xNd5
17. Qc4xBd5 Qc8xc2

18. 0-O

MV: At this point, Black is simply a pawn down without any im-
mediate prospects to win it back. Any attempt to play positionally on the
weak white pawns is dealt with by either d3-d4 or f2-f4.

f7-f6?

MV: Now Black cannot castle. Black would have done better to
play a pawn down with 18. ... Qc2—c8 and 19. . . . O-O.

DS: Belle’s computations for this move took 9 minutes and in-
volved a complete 7-ply search and the first move of the 8-ply search.
It judged the situation as a 1.05 pawn advantage for Blitz and expected
19....Ned—c3.

19. f2—f4?

MV: White would be better to consolidate with 19. Bcl-e3. The
text allows Black to castle.
DS: Blitz completed a 5-ply search and the first move of the 6-ply
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search. Its calculations took just 1 minute and produced an evaluation
of 1.24 pawns in its favor with the expectation of 19. . . . Be7—c54
leading to massive bloodshed on c5 and elsewhere.

19. ..., Nd7-b6
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20. Qds5-a5

MV: The win has already slipped away. If 20. Qd5-b5-, then
Nb6-d7, 21. Qb5—c4, Rb8—c8 and Black has some compensation.

20. ..... Qc2xd3
21. Qab5xa7 0-0
22. Qa7xBe7

MV: If Ned4—g3 or Ned4—c3 instead, Black has winning chances:
22....Be7-c5+, 23. Kgl-hl, e5—¢4.

22, ..... Qd3xNe4
23. Qe7-e6+ Kg8-h8
24, f4xed f6xe5

25. Rf1xRf8+

MV: White is already in trouble. Probably better to play 25.
Bcl-g5, Qe4—d4--, 26. Kgl-hl, Qd4xb2 and White should survive.

25, .. ... Rb8xRf8
26. h2-h3 Qed-el+

DS: Belle did an 8-ply search in 3%2 minutes, judged the position
as 0.21 pawns in its own favor, and predicted 27. Kgl-h2, h7-h6, 28.
Qe6xNb6, Rf8-f1, 29. Qb6-d8-+4, Kh8-h7, 30. Qd8-d34-, e5—e4, 31.
Qd3xRf1, QelxQfl.

27. Kg1-h2 h7-h6
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. Qe6xNb6?7?

MV: White is totally lost after this move. Instead, 28. Bclxh6!!
forces at least a draw. For example, 28. . . . QelxRal, 29. Qe6-g6,
Rf8-g8, 30. Bh6-f4, Rg8—d8, 31. Bf4xe5, Rd8—d7 and White can draw
with 32. Qg6-e8-- or attempt to win with 32. Qg6xNb6,

DS: In selecting this move, Blitz did a complete 5-ply search and
the first move at the 6th ply. It evaluated the position as 4.11 pawns in
its own favor and predicted 28. . . . Rf8—f2, 29. a2-a3, Qel-f1, 30.
Qb6—g6, Kh8—g8.

28...... Rf8—f1
29. Qb6-d8+ Kh8-h7
30. Qd8-d3+ e5-e4
31. Qd3xRf1 Qe1xOf1
32. a2-a3 ed-e3
33. Bcixe3

DS: Blitz perceives that the Bishop has to capture the pawn or the

pawn will reach the eighth

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
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Be5-c3
Kh2-h1
h3xg4
Kh1-h2
Kh2-g1
Kg1-f1
Resigns

(0-1)

Qf1xRa1
h6-h5
g7-g5
Qal-el
Qe1-f2
g5-g4
h5xg4
Qf2-hd+
g4-g3
Kh7-g6



10.

11.

12.

13.

14.

References
and
bibliography

Abrahams, G. Not Only Chess. London: Allen & Unwin, 1974,

Adelson-Velskiy, G. M., Arlazarov, V. L., Bitman, A. R., Zhivotovskiy,
A. A., and Uskov, A. V. Programming a computer to play chess. Russian
Math. Surveys, 1970, 25, 221-262.

Adelson-Zelskiy, G. M., Arlazarov, V. L., and Donskoy, M. V. Some
methods of controlling the tree search in chess programs. Artificial In-
telligence, 1975, 6, 327-360.

Andric, D. Blitz blitz. Chess Life & Review, 1970, 25, 308.
Atkin, L. R. CHESS 3.6: A chess-playing computer program. Master’s
thesis, Northwestern University, Evanston, Illinois, June, 1975.

Atkin, R. Multidimensional structure in the game of chess. Int. J. Man-
Machine Studies, 1972, 4, 341-362.

Baylor, G. W. A computer model of checkmating behaviour in chess.
Heuristic Processes in Thinking (de Groot and Reitman, eds.), Moscow:
Nauka, 1966.

Baylor, G. W. and Simon, H. A. A chess mating combinations program.
Proc. Spring Joint Computer Conference, April, 1966, 431-447.

Bell, A. G. Game Playing with Computers. London: Allen & Unwin,
1972.

Berliner, H. J. A comment on improvement of chess-playing programs.
SIGART Newsletter, 1974, 48, 16.

Berliner, H. Some necessary conditions for a master chess program. Proc.
Third Intern. Joint Conference on Artificial Intelligence, 1973, 77-85.

Berliner, H. Chess as problem solving: The development of a tactics
analyzer. Unpublished doctoral thesis, Carnegie-Mellon University, 1974.

Bernstein, A. and Roberts, M. de V. Computer vs. chessplayer. Scientific
American, 1958, 198, 96-105.

Bernstein, A., Roberts, M. de V., Arbuckle, T., and Belsky, M. A chess-

315



References and bibliography

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.
25.
26.

27.

28.

29.

30.

31.

32.

33,

34.

3s.

36.

316

playing program for the IBM 704 computer. Proc. Western Joint Com-
puter Conference, 1958, 13, 157-159.

Binet, A. Psychologie des grands calculateurs et joueurs d’Echecs. Paris:
Hachette, 1894.

Binet, A. Mnemonic virtuosity: A study of chessplayers. Genetic Psy-
chology Monographs, 1966, 74, 127-162. [Translated by M. L. Simmell
and S. B. Barren from Revue des Deux Mondes, 1893, 117, 826-859.]
Botvinnik, M. Will computers get self-respect? Sovietsky Sport, 1975
(June 15).

Botvinnik, M. M. Computers, Chess, and Long-range Planning. New
York: Springer-Verlag, 1970. [Translated by A. Brown.]

Carroll, C. M. The Great Chess Automation. New York: Dover, 1975.

Charness, Neil. Memory for chess positions: The effects of interference
and input modality. Unpublished doctoral dissertation, Carnegie-Mellon
University, May 1974.

Chase, W. G., and Clark, H. H. Mental operations in the comparison of
sentences and pictures. Cognition in Learning and Memory (L. G. Gregg,
ed.). New York: John Wiley, 1972.

Chase, W. G. and Simon, H. A. The mind’s eye in chess. Visual Informa-
tion Processing (W. G. Chase, ed.). New York: Academic Press, 1973.

Chase, W. G. and Simon, H. A. Perception in chess. Cognitive Psychology,
1973, 4, 55-81.

Chess Informant, Vol. 15. Belgrade: FIDE, 1973, p. 50.
Chess Life & Review, 1975, 30, 506, 652.

Church, R. M. Strategies of pattern transformation. Paper presented at
the annual meeting of the Psychonomics Society. Boston, 1974.

Clarke, M. Some ideas for a chess compiler. Artificial and Human
Thinking (Elithorn and Jones, eds.). Amsterdam: Elsevier, 1973.

Cleveland, A. A. The psychology of chess and of learning to play it.
American Journal of Psychology, 1907, 18, 269-308.

Collins, J. W. My Seven Chess Prodigies. New York: Simon and Schuster,
1974.

de Groot, A. D. Perception and memory versus thought: Some old ideas
and recent findings. Problem Solving: Research, Method, and Theory (B.
Kleinmuntz, ed.). New York: John Wiley, 1966.

de Groot, A. D. Thought and Choice in Chess. The Hague: Mouton,
1965.

de Groot, A. D. and Jongman, R. W. Heuristics in perceptual processes.
International Congress of Psychology, Moscow, August 1966,

Djakow, 1. N., Petrowski, N. W., and Rudik, P. A. Psychologie des
Schachspiels. Berlin: Walter de Gruyter, 1927.

Edwards, D. J. and Hart, T. P. The o8 heuristic. Artificial Intelligence

Memo No. 30 (Revised), MIT Research Laboratory of Electronics and
Computation Center, Cambridge, Massachusetts, 1963.

FElithorn, A. and Telford, A. Game and problem structure in relation to
the study of human and artificial intelligence. Nature, 1970, 227, 1205-
1210.

Elo, A. E. The USCF Rating System. U.S. Chess Federation Publication,



37.

38.

39.

40.

41.

42.
43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

References and bibliography

1966. Described also in: Harkness, K. Official Chess Handbook, New
York: David McKay, 1967, 183-205.

Euwe, M. Computers and chess. The Encyclopedia of Chess (A. Sun-
nucks, ed.). New York: St. Martin’s Press, 1970.

Evans, L., Gligoric, S., Hort, V., Keres, P., Larsen, B., Petrosian, T., and
Portisch, L. How to Open a Chess Game. New York: RHM Press, 1974.

Evans, L., and Korn, W. Modern Chess Openings, 10th Ed. New York:
Pitman, 1965.

Feigenbaum, E. and Feldman, J. (eds.), Computers and Thought. New
York: McGraw-Hill, 1967.

Fine, R. The Ideas Behind the Chess Openings. New York: David
McKay, 1943.

Fine, R. The Psychology of the Chessplayer. New York: Dover, 1967.
Fine, R. The psychology of blindfold chess: An introspective account.
Acta Psychologica, 1965, 24, 352-370.

Fine, R. Basic Chess Endings. Philadelphia: David McKay, 1941,

Fuller, S., Gaschnig, T., and Gillogly, J. Analysis of the Alpha-Beta
Pruning Algorithm, Technical report, Department of Computer Science,
Carnegie-Mellon University, July, 1973, S1pp.

Gillogly, 1. J. The technology chess program. Artificial Intelligence, 1972,
3, 145-163.

Good, 1. J. A five year plan for automatic chess. Machine Intelligence 11,
(Meltzer and Michie, eds.). Edinburgh: University of Edinburgh Press,
1966.

Greenblatt, R. D., Eastlake 1II, D. E., and Crocker, S. D. The Green-
blatt chess program. Proc. AFIPS Fall Joint Computer Conference, 1967,
31, 801-810.

Hammond, K. R. Computer graphics as an aid to learning. Science, 1971,
172, 903-908.

Harkness, K. and Batell, J. S. This made chess history, Chess Review,
1947 Feb.-Nov. (monthly column).

Harris, L. R. The heuristic search under conditions of error. Artificial
Intelligence, 1974, §, 217.

Harris, L. R. The heuristic search and the game of chess. Proc. Fourth
Intern. Joint Conference on Artificial Intelligence, 1975.

Hart, P., Nilsson, N., and Raphael, B. A formal basis for the heuristic
determination of minimum cost paths. IEEE, 1968, 4, 100-107.

Hearst, E. Psychology across the chessboard. Psychology Today, 1967
(June), 28-37.

Hubermann, B. J. A program to play chess end games. Stanford Tech-
nical Memo CS 106, 1968, Computer Science Department, Stanford Uni-
versity.

Hunt, E. B. Artificial Intelligence. New York: Academic Press, 1975.

James, W. The Principles of Psychology, Vol. 2. New York: Henry Holt
& Co., 1890. (Republished by Dover Publications, 1950.)

Kister, J., Stein, P., Ulam, S., Walden, W., and Wells, M. Experiments
in chess. Journal of the Association for Computing Machinery, 1957, 4,
174-1717.

317



References and bibliography

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.
74.

75.

76.

77.

78.
79.

80.

81.

82.

83.

318

Knuth, D. E. and Moore, R. An analysis of alpha-beta pruning. Artificial
Intelligence, 1975, 6, 293-326.

Kotov, A, Think Like a Grandmaster, Dallas: Chess Digest, 1971. [Trans-
lated by B. Cafferty.]

Kozdrowicki, E. W. and Cooper, D. W. Coko III: The Cooper—Koz
chess program. Communications of the ACM, 1973, 16, 411-427.

Kozdrowicki, E. W. and Cooper, D. W. When will a computer be world
chess champion? Computer Decisions, 1974 (Aug.), 28-32.

Kozdrowicki, E., Licwinko, J. S., and Cooper, D. W. Algorithms for a
minimal chessplayer: A blitz player. Inter. J. Man—Machine Studies,
1971, 141-165.

Krogius, N. V. Chess Psychology. Chicago: Alfred Kalnajs, 1972.

Leedy, C. and Dubeck, L. Physiological changes during tournament chess.
Chess Life and Review, 1971, 26, 708.

Leiber, F. The 64-square madhouse. In The if Reader of Science Fiction.
New York: Doubleday, 1966.

Levy, D. Computer chess—past, present and future. Chess Life & Review,
1973, 28, 723-726.

Levy, D. Sacrifices in the Sicilian. New York: David McKay, 1974,

Lighthill, J. Artificial Intelligence: A General Survey. London, England:
Science Research Council, 1972.

Lorayne, H. and Lucas, J. The Memory Book. New York: Ballantine
Books, 1975.

Luce, R. D. and Raiffa, H. Games and Decisions. New York: Wiley,
1957.

Miller, G. A. The magical number seven, plus or minus two. Psychologi-
cal Review, 1956, 63, 81-97.

Newborn, M. Computer Chess. New York: Academic Press, 1975.

Newell, A., Shaw, J., and Simon, H. Chess-playing programs and the
problem of complexity. IBM J. Res. Develop., 1958, 2, 320-335.

Newell, A., and Simon, H. A. Human Problem Solving. Englewood
Cliffs, N.J.: Prentice-Hall, 1972.

Newell, A. and Simon, H. An example of human chess play in the light
of chess-playing programs. Progress in Biocybernetics (Weiner and
Schade, eds.). Amsterdam: Elsevier, 1965.

Nilsson, N. Problem Solving Methods in Artificial Intelligence. New
York: McGraw-Hill, 1971.

Polya, G. How to Solve It. Princeton: Princeton University Press, 1945.

Scott, J. J. A chess playing program Machine Intelligence IV (Meltzer and
Michie, eds.). Edinburgh: University of Edinburgh Press, 1969.

Scurrah, M. and Wagner, D. A. Cognitive model of problem solving in
chess. Science, 1970, 169, 290-291.

Shannon, C. E. Programming a computer for playing chess Philosophical
Magazine, 1950, 41, 256-275.

Shannon, C. E. Programming a computer to play chess. Scientific Ameri-
can, February, 1950, 48-51.

Simon, H. A. How big is a chunk? Science, 1974, 183, 482—488.



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.
103.

104.

References and bibliography

Simon, H. A. and Chase, W. G. Skill in chess. American Scientist, 1973,
61, 394-403.

Simon, H. A. and Gilmartin, K. A simulation of memory for chess posi-
tions. Cognitive Psychology, 1973, 5, 29-46.

Simon, H. A. and Newell, A. Heuristic problem solving: The next ad-
vance in operations research. Operations Research, 1958, 6, 1-10,

Simon, H. and Simon, P. Trial and error search in solving difficult

problems: Evidence from the game of chess. Behavioral Science, 1972,
2, 425-429.

Slagle, J. R. Artificial Intelligence: The Heuristic Programming Approach.
New York: McGraw-Hill, 1971.

Slagle, J. and Dixon, J. Experiments with some programs which search
game trees. Journal of the Association for Computing Machinery, 1969,
16, 189-207.

Sternberg, S. High-speed scanning in human memory. Science, 1966, 153,
652-654.

Tan, S. T. Representation of knowledge for very simple pawn endings in
chess. Unpublished doctoral thesis, Department of Machine Intelligence,
University of Edinburgh, 1972.

Tikhomirov, O. K. and Poznyanskaya, E. D. An investigation of visual
search as a means of analyzing heuristics. Soviet Psychology, 1966, §,
2~15. [Translated from Voprosy Psikhologii, 2, 39-53.]

Tikhomirov, O. K. and Vinogradov, Yu. E. Emotions in the heuristic
function. Soviet Psychology, 1970, 8, 198-223.

Tiller, T. (ed.) Chess Treasury of the Air. Baltimore, Maryland: Penguin
Books, 1966.

Turing, A. M. Computing machinery and intelligence. Mind, 1950, 59,
433-460.

Turing, A. Digital computers applied to games. Faster than Thought: A
Symposium on Digital Computing Machines (B. V. Bowden, ed.).
London: Pitman, 1953.

von Neuman, J. and Morgenstern, O. Theory of Games and Economic
Behavior. Princeton, N.J.: Princeton University Press, 1944.

Wagner, D. A. and Scurrah, M. J. Cognitive Psychology, 1971, 2, 454—
478.

Wickelgren, W. How to Solve Problems. San Francisco: W. H. Freeman,
1974.

Winograd, T. Understanding natural language. Cognitive Psychology,
1972, 3, 1-191.

Zobrist, A. L. and Carlson, F. R., Jr. An advice-taking chess computer.
Scientific American, 1973, 228, 92-105.

Zweig, S. The Royal Game. New York: Viking Press, 1944.

Averbakh, Y. and Maizelis, I. Pawn Endings. London: B. T. Batsford,
1974. [First published in Russian.]

Michie, D. A theory of evaluative comments in chess. Technical report,
CS74015-R, Virginia Polytechnic Institute and State University, Blacks-
burg, Virginia, 1974.

319



References and bibliography

105.

106.

107.

108.

109.

110.

111.

112,

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

320

Adelson-Velskiy, G. M., Arlazarov, V. L., and Donskoy, M. V. Algo-
rithms of adaptive search. In Elcock, E. W., and Michie, D. (Eds.),
Machine Intelligence 9. New York: Wiley, 1979, 373-384.

Arlazarov, V. L. and Futer, A. L. Computer analysis of a Rook end-game.
In Elcock, E. W. and Michie, D. (Eds.), Machine Intelligence 9. New
York: Wiley, 1979, 361-371.

Ashby, W. R. Can a mechanical chess player outplay its designer? British
Journal of Philosophy of Science, 1952, 3, 44-57.

Atkin, R. H. and Witten, I. H. A multidimensional approach to posi-
tional chess. International Journal of Man-Machine Studies, 1975, 17,
727-750.

Atkin, R. H., Hartston, W., and Witten, 1. H. Fred CHAMP, positional-
chess analyst. International Journal of Man-Machine Studies, 1976, 8,
517-529.

Atkin, R. H. Positional play in chess by computer. In Clarke, M. R. B.
(Ed.), Advances in Computer Chess 1. Edinburgh: Edinburgh Univer-
sity Press, 1977, 60-73.

Baudet, G. M. On the branching factor of the alpha—beta pruning algo-
rithm. Artificial Intelligence, 1978, 10, 173-199.

Baudet, G. M. The design and analysis of algorithms for asynchronous
multiprocessors. Ph.D. Thesis, Computer Science Dept., Carnegie Mellon
University, 1978.

Bellman, R. Stratification and control of large systems with applications
to chess and checkers. Information Sciences, 1968, 1, 7-21.

Bell, A. G. and Jacobi, N. How to read, make, and store chess moves.
Computer Journal, 1979, 22, 71-75.

Berliner, H. J. A representation and some mechanisms for a problem
solving chess program. In Clarke, M. R. B. (Ed.), Advances in Com-
puter Chess 1. Edinburgh: Edinburgh University Press, 1977, 7-29.
Berliner, H. J. On the use of domain-independent description in tree
searching. In Jones (Ed.), Perspectives in Computer Science. New York:
Academic Press, 1977.

Berliner, H. J. A chronology of computer chess and its literature. Arti-
ficial Intelligence, 1978, 10, 201-204.

Berliner, H. J. Computer Chess. Nature, 1978, 274, 745-748.

Berliner, H. J. The B* tree search algorithm: A best-first proof proce-
dure. Artificial Intelligence, 1979, 12, 23—40.

Birmingham, J. A. and Kent, P. Tree-searching and tree-pruning tech-
niques. In Clarke, M. R. B. (Ed.), Advances in Computer Chess 1. Edin-
burgh: Edinburgh University Press, 1977, §9-107.

Bramer, M. A. Representation of knowledge for chess endgames: towards
a self-improving system. Ph.D. Thesis, Open University, Milton Keynes,
1977.

Bramer, M. A. Representing pattern-knowledge for chess endgames: an
optimal algorithm for King and Pawn against King. In Clarke, M. R. B.
(Ed.), Advances in Computer Chess 2. Edinburgh: Edinburgh Univer-
sity Press, 1980.

Bramer, M. A. and Clarke, M. R. B. A model for the representation of
pattern-knowledge for the endgame in chess. International Journal of
Man-Machine Studies, 1979, 11, 635-649,



124,

125.

126.

127.

128.

129.

130.
131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.
146.

References and bibliography

Bratko, I. and Michie, D. A representation for pattern-knowledge in
chess endgames. In Clarke, M. R. B. (Ed.), Advances in Computer
Chess 2. Edinburgh: Edinburgh University Press, 1980.

Bratko, 1., Kopec, D., and Michie, D. Pattern-based representation of
chess end-game knowledge. Computer Journal, 1978, 21, 149-153.
Bratko, I. and Niblett, T. Conjectures and refutations in a framework for
chess endgame knowledge. In Michie, D. (Ed.), Expert Systems in the
Micro-electronic Age. Edinburgh: Edinburgh University Press, 1979,
83-101.

Clarke, M. R. B. A quantitative study of King and Pawn against King.
In Clarke, M. R. B. (Ed.), Advances in Computer Chess 1. Edinburgh:
Edinburgh University Press, 1977, 108-118.

Clarke, M. R. B. (Ed.) Advances in Computer Chess 1. Edinburgh:
Edinburgh University Press, 1977.

Clarke, M. R. B. (Ed.) Advances in Computer Chess 2. Edinburgh:
Edinburgh University Press, 1980.

Ewart, B. Chess: Man vs. Machine. A. S. Barnes, 1980.

Fishburn, J. and Finkel, R. Parallel alpha-beta search on Arachne. Tech-
nical Report 394, University of Wisconsin—Madison, 1980.

Frey, P. W. and Atkin, L. R. Creating a Chess Player, Byte, Oct. 1978,
182-191, Nov. 1978, 162-181, Dec. 1978, 140-157, Jan. 1979, 126-145.
Gillogly, J. J. Games. Encyclopedia of Computer Science and Tech-
nology, 1977, 8, 392-408.

Haldane, J. B. S. The mechanical chess-player. British Journal of the
Philosophy of Science, 1952, 3, 189-191.

Harding, T. D. The Chess Computer Book. New York: Pergamon Press,
1982.

Hayes, J. E. and Levy, D. N. L. The World Computer Chess Champion-
ship. Edinburgh: Edinburgh University Press, 1976.

Horowitz, 1. A. and Mott-Smith, G. Point Count Chess. Allen and Un-
win, 1973.

Jones, R. D. The design and implementation of a chess playing program
for the IBM 360. M.Sc. Thesis, University of Toronto, 1971.

Jones, M. Parallel search of chess game trees. M.Sc. Thesis, School of
Computer Science, McGill University, 1978.

Kopec, D. and Niblet, T. How hard is the play of the King-Rook-King-
Knight ending? In Clarke, M. R. B. (Ed.), Advances in Computer
Chess 2. Edinburgh: Edinburgh University Press, 1980, 57-81.

Levy, D. N. L. Computer Chess 1977: World Computer Chess Cham-
pionship, US Computer Chess Championship. Rockville, MD: Computer
Science Press, 1978.

Levy, D. N. L. 1975 U.S. Computer Chess Championship. Rockville,
MD: Computer Science Press, 1976.

Levy D. N. L. 1976 U.S. Computer Chess Championship. Rockville,
MD: Computer Science Press, 1977.

Levy, D. N. L. The robots are coming: Or are they? Chess Life and Re-
view, May 1976, 250-260.

Levy, D. N. L. Chess and Computers. Batsford Press, 1976.

Levy, D. and Newborn, M. More Chess and Computers. Rockville, MD:
Computer Science Press, 1981.

321



References and bibliography

147.

148.

149,

150.

151.

152,

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.
165.

166.

322

Marsland, T. A., Campbell, M. S., and Rivera, A. L. Parallel search of
game trees. Technical Report TR80-7, Department of Computing Sci-
ence, University of Alberta, 1980.

Messerschmidt, H. J. Parallel programming for a chess endgame data-
base. Software—Practice and Experience, 1980, 10, 475-487.
Michalski, R. and Negri, P. An experiment on inductive learning in chess
and games. In Elcock and Michie (Eds.), Machine Intelligence 8. Edin-
burgh: Edinburgh University Press, 1977, 175-192.

Michie, D. King and Rook against King: Historical background and a
problem on the infinite board. In Clarke, M. (Ed.), Advances in Com-
puter Chess 1. Edinburgh: Edinburgh University Press, 1977, 30-59.
Michie, D. A theory of advice. In Elcock and Michie (Eds.), Machine
Intelligence 8. Edinburgh: Edinburgh University Press, 1977, 151-168.
Michie, D. A prototype knowledge refinery. In Clarke, M. (Ed.), Ad-
vances in Computer Chess 2. Edinburgh: Edinburgh University Press,
1980.

Moussouris, J., Holloway, J., and Greenblatt, R. CHEOPS: A chess-
oriented processing system. In Elcock and Michie (Eds.), Machine In-
telligence 9. New York: Wiley, 1979, 351-360.

Negri, P. Inductive learning in a hierarchical model for representing
knowledge in chess end games. In Elcock and Michie (Eds.), Machine
Intelligence 8. Edinburgh: Edinburgh University Press, 1977, 193-204.
Newborn, M. M. Computer chess: recent progress and future expecta-
tions. In Moneta, J. (Ed.), Information Technology. Amsterdam: North
Holland, 1978.

Newborn, M. M. The efficiency of the alpha-beta search on trees with
branch-dependent terminal node scores. Artificial Intelligence, 1977, 8,
137-153.

Newborn, M. M. Recent progress in computer chess. In Yovits, M. (Ed.),
Advances in Computers, Vol. 18. New York: Academic Press, 1979,
59-117.

Pearl, J. Asymptotic properties of minimax trees and game searching
procedures. Artificial Intelligence, 1980, 14, 113-138.

Piasetski, L. An evaluation function for simple King and Pawn endings.
M.Sc. Thesis, McGill University, 1976.

Pitrat, J. A program for learning to play chess. In Chen, C. H. (Ed.),
Pattern Recognition and Artificial Intelligence. New York: Academic
Press, 1976, 399-419.

Pitrat, J. A chess combination program which uses plans. Artificial In-
telligence, 1977, 8, 275-321.

Pitrat, J. The behaviour of a chess combination program using plans. In
Clarke, M. (Ed.), Advances in Computer Chess 2. Edinburgh: Edin-
burgh University Press, 1980, 110-121.

Proskurowski, W. Ordering method to accelerate the solution of mate-in-
two chess problems by computer. Computer Journal, 1974, 17, 80-81.
Reinfeld, F. Win At Chess. New York: Dover Books, 1958.

Soule, S. and Marsland, T. A. Canadian computer-chess tournament.
SIGART, 1975, 54, 12-13.

Spracklen, D. and Spracklen, K. SARGON: A Computer chess program.
Rochelle Park, NJ: Hayden Book Co., 1978.



167.

168.

169.

170.

171.

172,

173.

174.

References and bibliography

Spracklen, K. and Spracklen, D. First steps in computer chess program-
ming. Byte, Oct. 1978, 86-98.

Spracklen, D. and Spracklen, K. An exchange evaluator for computer
chess. Byte, Nov. 1978, 16-28.

Tan, S. T. Describing pawn structures. In Clarke, M. (Ed.), Advances in
Computer Chess 1. New York: Edinburgh University Press, 1977, 74-88.
Waterman, D. A. Generalization learning techniques for automating the
learning of heuristics. Artificial Intelligence, 1970, 1, 121-170.

Wilkins, D. E. Using patterns and plans to solve problems and control
search. AIM-329, Computer Science Dept., Stanford University, 1979.
Wilkins, D. E. Using patterns and plans in chess. Artificial Intelligence,
1980, 14, 165-203.

Wilkins, D. E. Using knowledge to control tree searching. Artificial In-
telligence, 1982, 18, 1-51.

Zobrist, A. L. A hashing method with applications for game playing.
Technical Report 88, Computer Science Dept., University of Wisconsin—
Madison, 1970.

323



ACM Annual Tournaments 4, 5, 79, 82,
83, 156, 163, 203, 250, 258

Active areas of game tree 160, 161
Adelson-Velskii, George M. 86, 118
Admissibility 158

Adorjan 71

Aggressive moves 194-195
Alekhine, Alexander 185, 189

Alexander, Mike

Algorithm 47

Alpha-Beta algorithm 66, 74, 83, 88,
101-103, 105, 108, 109, 112, 119, 121,
157, 158, 160, 165

Alpha-Beta window 102

Area control 149, 151

Arlazarov, Vladimir L. 118

Atkin, Larry 7, 82, 168, 201, 243

ATTACK 214

Attack tables 85, 86, 89

Attacked-piece term 95

Automatons 54, 200

269

Backed-up score 64

Back-rank mate 99

Back-rank threat 162, 163
Backward pawns 60, 96, 137
Backward pruning 65, 66
Backward search 59, 153

Base moves 46, 91, 101, 111, 112
Beal, Donald 14

Subject index

Beating a machine

Bebe 274

Becker, Steven 25

Belle 201-210, 258, 263, 278, 283, 289,
293, 310

Benko, Pal 5

Berglund, Jan 13

Berman, Victor 269

Berliner, Hans 5, 7, 57, 61, 70, 73, 92,
117, 155, 157, 160, 165, 171, 175, 184,
188, 189, 190, 258, 262, 290

Berliner’s B* search 224

Best-first searching algorithm 213

Best n 91, 93

Better chess programs
154, 155, 197-199

Binet, Alfred 48, 178

Bishop evaluation 98

Bit boards 58, 59, 85, 86, 89

Bit maps 58, 59, 85, 86, 89

Blanchard, William 278

Blindfold chess 47, 48, 133

Blind search 67

Blitz 263

“blitz” games 245

Blocking piece 146

Blunders 187

Boolean instructions 58, 86, 89

Botvinnik, M. M. 34, 140, 141, 175,
176, 180, 186, 189

Branching factor 66

195, 196

79, 80, 115-118,

325



Subject index

Breadth-first search 63

Bronstein, David 172

Broughton, David 305

Browne, Walter 254, 255

Brute-force technique 69, 92, 93, 101,
113, 188

Byrne, Robert 179

Calculation and chess skill

Capablanca, José 51, 177

Captures 66, 67, 68, 104

Capture search 91, 92, 109, 110

Carlson, Fredric 59, 116, 171, 173, 174,
191

Castling 4, 47, 64, 65, 88, 98

Causality facility 73, 92

Center control 46, 47, 60, 64, 65, 144,
145, 147

Center tropism 97, 99, 100

Challenger X 283

CHAOS 14, 15, 16, 19, 21, 22, 24, 25,
26 27, 193, 203, 245, 269

Chase, William 39, 42, 44, 45, 51, 185,
186, 188, 191

Checking moves
110

Checkmate drive 100

Chellstorp, Craig 6

CHESS 3.0 7,8

CHESS 3.6 82-84

CHESS 4.0 13-16, 19-24, 82, 84, 163,
193

CHESS 4.4 24-32,74,77

CHESS 4.5 55, 80, 83-118, 157, 168,
187, 201-205, 243, 245, 248, 249

CHESS 4.6 251

CHESS 4.7 258

CHESS 4.9 266

CHESS 5.0 256

Chess-specific central processor 157

Choose-a-move task 38, 45, 183, 184

Chunking 40, 42, 44, 48, 191

Church, Russell 138, 189, 192

Ciocaltea 152

Cleveland, A. A. 188

COKO III 9, 10, 11, 12, 73

Condon, Joe 258

Cooper, Dennis 9, 170

Cost effectiveness 117

Cray-l 256

Cray Blitz 296, 310

36, 179-180

68, 69, 103, 107, 108,

326

Crook, Russell 22
Critical Squares 125, 126, 130

Dartmouth chess program 163

Darwinian evolution 67

Data structures 85-87, 120, 121, 145

de Groot, Adrian 36-39, 41, 44-46, 48—
50, 52, 62, 68, 133, 158, 175, 180, 182-
186, 188, 190, 193, 198

Depth-first search 63, 83

Depth of search 38, 69, 74-76, 120, 122,
124, 129, 135, 158, 189, 196

Development 47, 77, 97, 98, 147

Discovered attack 136, 138, 147

Discovery block table 146

Discovery target table 146

Djakow 39

Donskoy, Michail 16, 118

Doubled pawns 60, 96

Doubled rooks 97

Duchess 266, 269, 278

Dutka, Jacques 7

Dynamic analysis 46, 48, 51, 72, 73, 75

Elger, Bill 254

Elo, Arpad 37, 172

End game 79, 119-130, 196

en passant status 4, 88, 90

ENPRIS 214, 215

Equipment failure 4

ETAOIN SHRDLU 24

Euwe, Max 175, 193

Evaluation function 64, 65, 84, 85, 93—
100, 115, 122, 123, 181, 193

Evaluation static 46, 48-51, 60, 61, 68,
74, 75, 92, 108, 120, 138, 160

Evaluations, conditional 61, 192

Exchanging pieces 194

Exhaustive search 36, 61, 73-77, 132

Exponential explosion 61, 62, 69

Eye-movements in chess 44

Fenner, Charles 248

Fidelity X 301

Fine, Reuben 48, 120, 124, 125, 127-
129, 177

Fischer, Bobby 51, 131, 175

Forking move 58, 59, 69, 136, 137, 138

Forward pruning 69-73, 101, 117, 120,
123, 130, 135

Forward search 134, 135, 138



Frey, Peter 91, 269, 275
Full-width search 73-77, 88, 91, 92,
101, 115, 118, 156, 157, 165, 187, 188

Galvanic skin response 50, 133

Gambit 193

Game tree 62, 63

Genius and chess skill 182

Gibson 289

Gillogly, James 61

Gilmartin, K. 39, 41, 42

Goal-directed search 46, 52

Goals 46, 134, 137, 149, 151, 194

Gold, Israel 119

Gorlen, Keith 7, 82

Gower, Albert 296

Greenblatt, Richard 60, 70, 80, 87, 135,
136, 170

Hansen, Ron 22

Harkness, Kenneth 172

Hart, T. P. 158

Hash function 87

Hash tables 86-88

Heuristic search 47, 79, 157-166

Hill-climbing strategy 73, 144

Horizon effect 73, 75-77, 92, 160, 189,
190

Horowitz, Al 5

Hort, Vlastimil 152

Human competition 29-31, 201-205

Hung pieces 95

Hunt, Earl 167, 172, 188, 197

Hyatt, Robert 263, 296

IFIP Tournament 5, 13-21

Incremental updating 85, 121, 152

Indirect power 146, 147, 153

Indirect safety 147, 148

Inference 53

Information-gain per evaluation
160

Information processing 183

Intuitive moves 50, 132

IQ and chess skill 176, 177

Isolated pawns 60, 96

Iterative search 101-110, 117

158,

James, William 181, 188
Jarry, Claude 305
J. Biit 7-12

Subject index

Jensen, Eric 266
Johnson, Mike 305

Kabn 70

KAISSA 12, 13, 16-21, 55, 157, 168,
171, 187, 251

Kalme, Charles

Karpov, Anatoly

Keres, Paul 184

Killer heuristic 67, 88, 105, 106, 123

King opposition 123, 125, 126

King safety 46, 60, 98, 99, 137, 147

King tropism 97, 98

Kirdetzoff 70

Knight evaluation 97

Knowledge source (KS) 216-218

Korchnoi, Viktor 284

Kotok-McCarthy program 6

Kotov, Alexander 52, 141, 218

Kozdrowicki, Edward 9, 170

59,171, 173-175
178, 181, 284

Larsen, Bent 151, 177, 178

Lasker, Emanuel 177

Learning 52, 118, 181, 191-193

Leiber, Fritz 196

Lever 162

Levy, David 1, 3, 5, 13, 24, 29-32, 35,
75,79, 81, 119, 171-173, 175, 243,
250-252, 269, 275, 284, 305

L’excentrique 305

Lombardy, William 173, 179

Long-range planning 73, 75, 76, 92, 141,
188-189, 195

Look-ahead procedure 36, 46, 60-65

Lorayne, H. 191

Lucas, J. 191

MacHack 135, 170

Machine intelligence 54

Mazilbox board representation 55, 56

Marsland chess program 7

Marsland, Tony 5

Master-level play 116

Mastery of chess 52, 53

Material ratio 60, 94

Material score 46, 60, 86, 87, 94, 147,
148, 150, 193

Mating plan 151

Memory and chess skill
183

Memory, chess-specific 39

39-44, 177-178,

327



Subject index

Memory, content-addressable 40, 54, 81

Memory, generative 48

Memory, location-addressable 40

Memory, long-term 40, 41

Memory, short-term 39, 40, 42, 180

Method of analogies 53, 67, 68, 118

Michie, Donald 115

Miller, George 40

Minimax algorithm 62, 63, 64, 119, 121

Mittman, Ben 119

MOBIL 214, 215

Mobility 46, 47, 60, 64, 65, 145, 146,
147

Mohr, Ken 274

Mop-up evaluation 99, 100

Morgenstern, Oskar 62

Move generation 56-59, 89, 90, 104

Move ordering 66, 67, 101-106, 165

Newborn, Monroe 1, 4, 5, 14, 16, 119,
135, 141, 170, 172, 175, 195

Newell, Allen 46, 65, 130, 135, 169,
183, 186

Nilsson, Nils

Node 62

Nuchess 278

68, 158

Obvious moves 102

O’Connell, Kevin 305

O’Keefe, Jack 269

Olafsson 150

Open files 97

Opening  77-79

Opening library 78, 102, 144, 177-178,
196

Optimality 158

OSTRICH 16-19, 21

Overloaded piece 47

Overworked piece 136, 138, 146

PARADISE 211, ff.

Parry, James §, 22

Passed pawn 60, 96, 122, 123

Pattern analysis 136, 190-191

Pattern recognition 44, 45, 49, 51, 52,
54, 59, 79, 81, 92, 136, 140, 144, 171,
191

Pawn cover 99

Pawn promotion 109, 138, 151, 161

Pawn structure 60, 87, 96, 136, 137,
152, 153, 162, 188

328

Pawn tropism 98, 99

Peace of mind 93

PEASANT 119-130

PERCEIVER 188

Perception in chess 37-39, 51

Petrosian, Tigran 177, 181

Petrovsky, N. W. 39

Philidor 305

Photographic memory 178

Piasetski, Leon 119, 120

Piece-pathway analyses 92

Pins 60, 68, 136, 138, 146, 147

Planning 43, 45, 142, 189

Plausible move generator 42, 45, 49, 51,
62, 69-73, 83, 91, 92, 155

Poe, Edgar Allan 179

Portisch, Lajos 177

Positional evaluation 83, 95-99, 108,
109

Posnyanskaya, E. D. 44

Power list 147

Power table 145

Princhess 2.9 301

Principal variation 74, 103

Problem reduction 137, 138

Problem solving 41, 54, 134, 168, 169

Productions 42, 43

Program improvement
154, 155, 197-199

Programming language 84, 116

Progressive deepening 46, 68, 133, 158,
189, 190

Pseudolegal moves 90

79, 80, 115118,

Queen evaluation 98
Quiescence 68, 69, 77, 91, 105, 109, 110,
117, 122, 123, 159, 161, 165

Rathsman, UIf 301

Rationale for chess programming 32,
33, 168-170

Reaction time 133, 139, 140

Readers of KOMSOMOLSKAIA
PRAVDA 12,13

Reconstruction task 44, 45

Refutation move 66

Repetition of position
122

Reshevsky 51

Reti, Richard 49, 180

RIBBIT 21-25

100, 103, 107,



Rook evaluation 97

Rudik 39

Rules for machine chess 2, 4, 61, 120
Russian chess program 4, 6

Sacrifice of material 71, 72, 75, 132,
163, 164, 193, 194, 196

Safety table 145, 148

Samuels, A. L. 193

Sanctuary squares 98

Scherzer, Tony 275

Scurrah, M. 46

Selective search 37, 46, 47, 49, 62, 69—
73, 84, 91, 92, 93, 101, 117, 187, 188

Semi-open files 97

Sentef, Joseph 296

Set functions 58, 86, 89

Seventh-rank occupation 97

Shallow search 73

Shannon, Claude 54, 55, 57, 60-62, 119,
129, 134-136

Shaw, John 635, 130, 169, 186

Simon, Herbert 35, 39-42, 4446, 51,
65, 130, 135, 167, 169, 183-186, 188,
191

Simultaneous exhibition 29

Skewer 136, 138

Slagle, James 68

Slate, David 7, 25, 82, 168, 171, 201,
243, 256, 258, 278, 284, 311

Smothered mate 43

Smyslov, Vassily 179

SORTIE 24,25

Speed chess 44, 62, 131, 179, 204, 205

Spielmann, Rudolf 189

Spracklen, Dan and Kathe 301

Square control 97, 98, 145, 146

Stean, Michael 253

Sternberg, S. 133

Storey 293

Strategy, long-term 335, 43

Strength of play 81, 113, 135, 136, 167,
170-176

Swartz, Fred 269

Swiss pairing system 2

Table manipulation 143
Tactical sitnations 138, 179, 180
Tal, Mikhail 150, 151, 179, 180

Subject index

Tapered n-best strategy 91

Target 149, 151, 153

Tarrasch 184

Taylor, Mark 305

TECH II 21, 73, 157

Tempo gain 147, 151

Terminal position 46, 61, 68, 119, 122,
123

Thinking 168, 169, 182, 183

Theorem proving 68

Thompson, Ken 258, 278

Tikhomirov, O.K. 44, 50

Time control 4, 5, 73, 102, 117, 124,

141, 204
Tompa 71
Tournament format 3, 204
Tournament sites 1, 2, 201

Trade-down bonus 94

Transpositions 88

Trans/ref table 87, 88, 103, 104, 106,
107

Trapped piece 76, 77, 146

TREE FROG 24, 27, 28, 77

Trial and error 134

Truscott, Tom 266

Turing, Alan 60, 119, 129

Turing test 34

Type-A strategy 61, 69, 113

Type-B strategy 62, 69, 83, 91, 117

TYRO 116

Valvo, Mike 305, 309, 311
Verbalizing chess decisions
Vinogradov 50

Visual imagery in chess
Von Neumann, John 62
Vulnerability 146

180-182

47, 48

Wagner 46
Will to win 50
Wright, Bruce 266

X-ray attack 136

Znosko-Borovsky 177

Zobrist, Al 59, 116, 171, 173, 174, 191
Zugzwang 125, 126

Zweig, Stefan 182

329



Texts and Monographs in Computer Science

Suad Alagi¢ and Michael A. Arbib
The Design of Well-Structured and Correct Programs
1978. x, 292pp. 14 illus. cloth

Michael A. Arbib, A.J. Kfoury, and Robert N. Moll
A Basis for Theoretical Computer Science
1981. vii, 220pp. 49 illus. cloth

F.L. Bauer and H. Wossner
Algorithmic Language and Program Development
1982. xvi, 497pp. 109 illus. cloth

Edsger W. Dijkstra
Selected Writings on Computing: A Personal Perspective
1982, xvii, 362pp. 1 illus. cloth

Peter W. Frey, Ed.
Chess Skill in Man and Machine, 2nd Edition
1983, xiv, 329pp. 104 illus. cloth

David Gries, Ed.
Programming Methodology: A Collection of Articles by Members of IFIP WG2.3
1978. xiv, 437pp. 68 illus. cloth

David Gries
The Science of Programming
1981. xvi, 366pp. cloth

A.J. Kfoury, Robert N. Moll, and Michael A. Arbib
A Programming Approach to Computability
1982. viii, 251pp. 36 illus. cloth

Brian Randell, Ed.
The Origins of Digital Computers: Selected Papers
3rd Edition. 1982. xvi, 580pp. 126 illus. cloth

Arto Salomaa and Matti Soittola
Automata-Theoretic Aspects of Formal Power Series
1978. x, 171pp. cloth

Jeffrey R. Sampson
Adaptive Information Processing: An Introductory Survey
1976. x, 214pp. 83 illus. cloth

William M., Waite and Gerhard Goos
Compiler Construction
1984, xiv, 446pp. 196 illus. cloth

Niklaus Wirth
Programming in Modula-2
2nd Corr. Edition. 1983. iv, 176pp. cloth



Springer Books on Professional Computing

Computer Confidence: A Human Approach to Computers
Bruce D. Sanders. viii, 90 pages. 23 figures. 1984. ISBN 0-387-90917-6

The Unix System Guidebook: An Introductory Guide for Serious Users
Peter P. Sylvester. xi, 207 pages. 6 figures. 1984. ISBN 0-387-90906-0

The American Pascal Standard: With Annotations
Henry Ledgard. vii, 97 pages. 1984. ISBN 0-387-91248-7




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




