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ABSTRACT

This note completes the comparison of the performance of seven replacement schemes,
as a function of the transposition-table size. A large number of chess middle-game and
endgame positions has been studied. It turns out that the number of nodes of a subtree
is a better estimate for potential savings than the depth of a subtree. A two-level table,
using the number of nodes in the subtree searched as the deciding criterion, performs
best and is recommended. Previous results based on fewer experiments are confirmed.

1 Background

This note is a sequel to our previous article (Breuker et al, 1994) in which we compared the
performance of seven replacement schemes on 18 middle-game positions. We then concluded
that the number of nodes of a subtree is a better estimate of the work performed (and therefore
potentially to be saved) than the depth of that subtree. Moreover, we arrived at the tentative
conclusion that the traditional one-level implementation (one position per entry) was not the
best. A two-level scheme, first proposed by Ebeling (1986), seemed to work better. However, the
observations were only based on 18 consecutive middle-game positions taken from one champion’s
game. Therefore, it was only a preliminary result we arrived at.

2 Experimental

In this note the experiments are extended in two ways.

e The experiments are performed on 94 middle-game positions (including the 18 already
tested), taken from six games between top-level Grandmasters.

o The experiments are conducted on 112 endgame positions?, taken from five historic games
between well-known chess (Grand)masters.

The test positions are listed in the Appendix. In the experiments time stamping is used (Breuker et al.,
1994). It only requires one additional bit per table position and requires little additional com-
putation. The seven replacement schemes (DEEP, NEw, OLD, Bic1, BicALL, TWODEEP and
TwoBIG1) have been tested on eight different table sizes, viz. from 8K to 1024K positions®, each
time doubling the number of positions in the table. The middle-game positions have been searched
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2The endgame positions consist of positions both with and without blocked pawns.

3K positions is equal to 1024 positions



Nunber of nodes searched (in nillions)

. —=— TwoBi g1

215
— B— TwoDeep
205 S
195 - -for 7 ply, while the endgame positions have been searched for 10 ply. The | ., BAl ves-
tigated during a search is used as a measure, including all nodes, i.e., sum des
185 — 4 Deep
& - New
175
® ad

165

~ - .
~ . L

155 Wur results i,QA graphical format. ~For each table size the number of positions has

been keptcs Stﬁlt.\'@l implies_that the. three Big schemes (Bic1, Bic ALL, TwoBiG1) use

145 -+ slightly morennhowi@th@ ?clmmes\siﬁce a Bt heme entry needs an additional field

(to store the information Jbeulﬂl\e\smrﬂ\ subtree Eeﬁgffc‘m\ch&ii claimed that these minor

135 + differences do not affect the interpreta 1511\% —Further, we note- _the two-level N

N — — —— — A= == - -

schemes (TwoBIG1 and TWODEEP) have half the number of entries mompared to-tRe-otherfive—3%

125 schemes. 1 1 1 1 1 1
8 24

In Figure 1,1§he results of?f%e experiment6540n the midci]lg?game positigfr{s6 are depictea:!'zThe graph 10
shows the number of nodes investige(Hi 2ailliBri$ Pas H B@8ktion of the transposition-table size.

The number of nodes is the sum of the nodes investigated for the 94 test positions.

Figure 1: Effect of table size in the middle game; 7-ply searches.



Nunber of nodes searched (in nmillions)

1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200

\ —=— TwoBi gl
- — B— TwoDeep

5 - -+ - Hgl
The four main observations given by Breuker et al. (1994) still hold: —— Bl
i — 4 Deep

e As table size increases, the~number of nodes searched tends to constancy.
by the larger percentage of tree -4 New
obablhty of harmful collisions (1 e., : e g4

\n@\h\two -level schemesﬁ
?\ — - -
o Our data confirm-Ebaling’s (1986) stz

L 8-
ing’ based on 10 posﬂlW@DEE;P;“re—
B duces search times by 5 to 10% for = hsition nu;ompared wité .

The results of the expenments on the en.dgame p051t10ns are deplcted in Figure 2., The graph |

again shows the number of nodes 1nvest1gated (in millions) as a function of the transp(;sltlon—table |

8 size. The nidiber of nodes3% the sum of &fte nodes invdddshated for tHer912 test posﬁi@ns. 1024

Tabl e size (in K positions)

Figure 2: Effect of table size in the endgame; 10-ply searches.

From this graph it follows that the conclusions given for the middle-game experiment also hold for
the endgame, with one exception. In middle-game positions it is clear that the concept Bia works
better than the concept DEEP: schemes BiG1 and BiG ALL use fewer nodes than scheme DEEP,
and scheme TwoBIG1 uses fewer nodes than scheme TwoDEEP. However, the difference between
the two concepts has disappeared in the endgame. This is explained as follows. If a subtree
contains many forcing moves or is well-ordered, many cutoffs occur. Since in the middle game
the mobility of each player is higher than in the endgame (Hartmann, 1989), such pruning will
on average cause larger savings in middle-game positions than in endgame positions. Therefore,
the size of search trees of equal depth will vary more in middle-game positions than in endgame
positions. The concept DEEP does not have a preference for any of two such subtrees, whereas



the concept BIG has a preference for the largest subtree. Thus, in the middle game the size (as
compared to the depth) of the search tree investigated will be a better characteristic measuring
the work performed than it is in the endgame.

4 Two Conclusions

Based on preliminary experiments we have stated that “On logical grounds, one is tempted to
conclude that the number of nodes of a subtree is a better estimate of the work performed (and
therefore potentially to be saved) than the depth of that subtree” (Breuker et al., 1994). Our recent
experiments support this tentative conclusion for middle-game positions. There the schemes based
on the concept BiG perform better than the schemes based on the concept DEEP. In endgame
positions the difference has been disappeared. The lower mobility then diminishes the differences
in effects by the two measures.

Based on the 7-ply results in middle games and the 10-ply results in endgames we also confirm our
previous suggestion that a two-level scheme is better than any one-level scheme. Hence it follows
that DEEP, the most widely used scheme, is not best. Based on these conclusions we recommend
using scheme TwoBIG1.
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Appendix: The Test Positions

The transposition-table experiments on middle-game positions use the following 94 positions:



the 6 White-to-move positions from move 15 onwards of

Kasparov—Ivanchuk, Amsterdam (round 1) 1994

1. ed e5 2. ONf3 H\c6 3. d4 exd4 4. & \xd4 H\6 5. §\xc6 bxcb 6. e5 We7 7. We2 £N\d5 8. c4 2ab
9. b3 g6 10. £a3 Wgb 11. g3 HNed 12. Hixe3 £xad 13. Hed WeT 14. N6+ L8 15. g2 Sba+
16. f1 1d8 17. Wh2 &a3 18. We3 2b4 19, Wh2 Sa3 20. We3 oba 1-1

the 18 White-to-move positions from move 15 to move 32 of

Kasparov—Short, Amsterdam (round 2) 1994

1. e4 €6 2. d4 d5 3. &N\e3 N6 4. b HNfAT 5. f4 ¢5 6. Nf3 HN\eb 7. £e3 exd4d 8. HNxd4d b 9.
Wd2 0-0 10. 0-0-0 a6 11. h4 &HHxd4 12. £xd4 b5 13. Eh3 b4 14. HNad S xd4 15. Wxd4 16 16.
Wxb4 fxeb 17. Wd6 W6 18. f5 Whe+ 19. bl Exfb 20. X3 Hxf3 21. gxf3 W6 22. 2 h3 Hf7
23. c4 dxc4 24. {Ne3 WeT 25. Web b8 26. HNed b6 27. HNgb+ be8 28. Wed g6 29. Wixeb
EDb7 30. £d6 c3 31. 2xe6+ £xeb 32. Exeb 1-0

the 20 Black-to-move positions from move 15 to move 34 of

Timman—Kasparov, Amsterdam (round 3) 1994

1. d4 566 2. {Hf3 g6 3. Sgh £g74. c3b65. 2xf6 &x66. ¢4 2bT7. £d3c¢58.d5e69. &4
0-0 10. 0-0 {Hab 11. Wd3 HNe7 12. d6 {HNed 13. {\bd2 &g7 14. h4 ab 15. a4 Wh8 16. 5 6 17.
h5 fxe5 18. hxg6 h6 19. ZHfel Wxd6 20. Wxd6 {\xd6 21. Hxed Lxeb 22, Hxeb Ef4 23. 4d3
Haf8 24. f3 ab 25. f2 dog? 26. Zhb HNed 27. Fog3 /N6 28. Zeb {\d5 29. ded HAf6 30. {\cd
NfA 31. 4xbT Hxgb+ 32. Hh2 HExg2+ 33. vhl db 34. §\xb6 Eb8 35. Exeb Hxb7 36. Ed6
Hgh 37. Edl d4 38. {cd 9h7 39. Hel Zhb+ 40. ogl Eg7+ 0-1

the 24 Black-to-move positions from move 15 to move 38 of

Ivanchuk-Kasparov, Amsterdam (round 4) 1994

1. ed cb 2. {)Hf3 d6 3. d4 cxd4 4. {HHxd4 6 5. {Ne3 a6 6. £4 WeT 7. W3 g6 8. Le3 £g7 9. h3
eb 10. fxeb dxeb 11. 2h6 2xh6 12. ¥xf6 0-0 13. /"\d5 Wab 14. b4 WdS 15. HNeT+ WxeT 16.
WixeT7 exd4 17. &c4 £\c6 18. Weh 2e3 19. EHfl £0\d8 20. Zf3 2e6 21. Exe3 dxe3 22. 2 xeb
Nxeb 23. Wxe3 ab 24. bs Hac8 25. 0-0-0 Ecb 26. Z=d5 b6 27. Wes Zc7 28. Wd6 Z=fe8 29.
Hd2 Eb7 30. g4 &\eb 31. WH6 h6 32. e5 He8 33. h4 Hh7 34. hb gb 35. =d6 Eeb6 36. Wds
HeT 37. a3 a4 38. Hb2 Ebe7 39. Exb6 1-0

the 15 White-to-move positions from move 15 to move 29 of

Kasparov—Timman, Amsterdam (round 5) 1994

1. ed e5 2. N3 N6 3. {Nxeb d6 4. INF3 HNxed 5. d4 d5 6. £d3 {Neb 7. 0-0 Se7 8. Hel Hgd
9. c4 N6 10. {Ned dxed 11. Sxcd 0-0 12. d5 HHab 13. £d3 c6 14. h3 &h5 15. Heb £g6 16.
Hgh 6d6 17. Ze2 £b4 18. A xf6 gxf6 19. Zcl Hc8 20. Hed 15 21. Hgd Wxd5 22. a3 £.d6 23.
Nxfh Hed8 24. Eeb Sxeb 25. HeT+ g7 26. Hxdd £xb2 27. HHf4 £xd3 28. Hxd3 A xcl 29.
Wxcl Exd3 30. Wbt 1-0

the 11 Black-to-move positions from move 15 to move 25 of

Short—Kasparov, Amsterdam (round 6) 1994

1. e4 ¢5 2. {3 €6 3. 53 ab 4. d4 cxd4 5. §51xd4 d6 6. g4 b5 7. a3 h6 8. g2 &b7 9. 0-0 HNd7
10. f4 Ec8 11. £e3 gb 12. We2 gxf4 13. HExfd 5 14. Ef5 exd4 15. 4xd4 HNeb 16. HNdd &g7
17. Eafl Eh718. ¢vhl £h8 19. ¢3 {e7 20. £xeb dxeb 21. W3 HN\xfh 22. Wxf5 H g7 23. HNf6+
L8 24. AT+ g8 25. N6+ LS 33

The transposition-table experiments on endgame positions use the following 112 positions:

the 28 White-to-move positions from move 31 onwards of

Gossip—Mason, New York (round 20) 1889

1. e4 6 2. d4 db 3. H\c3 OB 4. eb OHNFAT 5. f4 ¢5 6. dxch {6 7. N3 2xch 8. {e2 WWib6 9. c3
&2+ 10. d2 We3+ 11. b2 Wed+ 12. ¥d3 b 13. Wxed Hxed 14. HNedd £d7 15. {\xcb



bxc6 16. £d3 {\ch 17. Se2 b7 18. Efl &b6 19. £d2 cb 20. £ab EbS 21. Zael £)d8 22.
£d3 ab 23. el a4 24. a3 {\bT7 25. 15 c4 26. fxe6 2xe6 27. £c2 {HNeb 28. £\d4 0-0 29. £\xeb
fxe6 30. Exf8+ Zxf8 31. 2e3 5\b3+ 32. £xb3 2xe3 33. HExe3 cxb3 34. Ze2 214 35. bd2
Hf7 36. He3 Ef24+ 37. He2 Hxe2+ 38. bxe2 bgb 39. el b5 40. od4 hb 41. g3 gb 42. h3
h4 43. g4+ Hf4 44. Heb Lxed 45. Hb4 d4 46. bxad d3 47. Hxb3 Hed 48. a4 el 49. ab d2
50. b4 1% 51. b3 Wal 52. c4 Hd4 53. Hbs We3 54. He6 Wxb3 55. a6 Wxcd+ 56. Hb7
Wh54 57. a7 goeb 58. a8 oc6 0-1

the 21 White-to-move positions from move 34 onwards of

Rabinovich—-Romanovsky, Leningrad championship 1934

1. c4 Nf6 2. Ned 6 3. d4 d5 4. HO\f3 Hed 5. e3 e6 6. £d3 5 7. W2 /nd7 8. b3 2b4 9. & b2
Wab 10. Hcl 0-0 11. 0-0 £d6 12. HNe2 Wd8 13. HNeb Wha 14. £3 HNecd 15. g3 Wh6 16. /N4
Nxd3 17. Hexd3 gh 18. g2 N6 19. Ecel g4 20. fxgd {HNxgd 21. Hgfd N6 22. He2 EfT 23.
b4 Hed 24. &b Eb8 25. a3 b6 26. {Hxed fxed 27. Hef2 £d7 28. ¢ &xf4 29. Exf4 Exf4 30.
Hxfa b5 31. W2 ded 32. 16 S g6 33. W4 Wxfd 34. Hxf4 h5 35. h3 g7 36. 4c3 &5 37T,
g4 hxg4 38. hxgd £g6 39. Hg2 Hh6 40. Zf6 He8 41. Lel beT7 42. Efl Za8 43. Hh3 ab 44.
Hgd Zh8 45. Ah4 Zf8 46. Hxf8 bxf8 47. &g3 b 48. & xeb Hf7 49. Hh4 beb 50. Hegb Leld
51. bh6 &7 52. Lg7 Le8 53. gb Lfb 54. Hf8 1-0

the 17 White-to-move positions from move 26 onwards of

Capablanca—Alekhine, Buenos Aires world championship (round 5) 1927

1. d4 d5 2. c4 e6 3. {Ne3 Nf6 4. ©gb H\bAT 5. €3 c6 6. a3 Se7 7. 43 0-0 8. £d3 dxcd 9.
S xcd HNd5 10. L xeT WxeT 11. Eecl HNxed 12. Exc3 eb 13. dxeb HNxeb 14. {HNxeb Wxe5 15. 0-0
Heb 16. & xeb Wxe6 17. X d3 W6 18. Wh3 We7 19. Efdl Had8 20. h3 Zxd3 21. Hxd3 gb 22.
Wdl Web 23. Wd2 ab 24. Hd7 b5 25. We3 Wxc3 26. bxed Zc8 27. Hfl g7 28. ZaT a4 29.
c4 Hf6 30. Zab beb 31. Le2 bxcd 32. Hcb bdb 33. Excd Ea8 34. Zda+ beb 35. Hd3 cb

36. Zh4 hb5 37. g4 hxgd 38. HExgd Fod6 39. Ef4 £5 40. Eh4 <odb 41. be2 Zab 42. el %—%

the 17 White-to-move positions from move 38 onwards of

Fischer—Reshevsky, New York championship (round 5) 1962

1. ed cb 2. {Nf3d6 3. d4 cxd4 4. {Hxd4 M6 5. {3 ab 6. h3 g6 7. g4 27 8. gb {/\h59. Se2eb
10. £h\b3 /Nf4 11. /Hd5 HHxdb 12, Eixdb Heb 13. g4 Sxgd 14. hxgd Wes 15. Wdl {)\d4 16. c3
{Nxb3 17. axb3 We6 18. Fab 6 19. Wrds Wxdb 20. Exdb bdT7 21. gxf6 &xf6 22. gb LeT 23.
He2 Zafs 24. He3 Hc8 25. b4 b5 26. Eddl re6 27. Hal Ec6 28. Eh3 £f829. Ehl Fc7 30.
Eh4 d5 31. Hal 2c6 32. exd5+ Lxdb 33. Hdl+ beb 34. EdS Lf5 35. Za8 Heb 36. Zh3
g7 37. Exh8 £xh8 38. Exh7 He8 39. Ef7+ cbgd 40. £3+ g3 41. Fod3 ed+ 42. fxed Hd8+
43. £d4 g4 44. FEfl deb 45. e3 Hc7 46. Zgld Hhb 47. Hf3 Bd7 48. eb BT+ 49. Hed
E15 50. ¢6 £d8 51. &6 & xf6 52. gxf6 Hxf6 53. beb =2 54. Zel 1-0

the 29 White-to-move positions from move 38 onwards of

Lisitsin—-Capablanca, Moscow (round 5) 1935

1. &3 d5 2. c4 c6 3. e3 N6 4. e Lgd 5. cxdb H\xdb 6. Le2 e6 7. d4 {NdT 8. 0-0 Bc7 9.
£6d2 246 10. &Hed HVTE6 11. HH\xd6+ Wxd6 12. HNeb Sxe2 13. Wxe2 0-0 14. HEcl HN\b6 15. £Nd3
Ze8 16. Efel /H\bd7 17. h3 Wd5 18. b3 Wb5 19. &c3 &Ndb 20. Wd2 HHxed 21. Wxc3 Had§
22. a4 WWb6 23. b4 N6 24. Wed HNed 25. ab WeT7 26. ab Hc8 27. axb7 Wxb7 28. Hal ZEc7
29. Zecl b8 30. We2 We8 31. Zab Zb6 32. Wad ¥Wbh8 33. 3 /N6 34. Ech £)\db 35. Excb
Ecxch 36. Exc6 HExcb 37. Wxeb HNxe3 38. {Neb {Ndb 39. bb b6 40. {/Nd7 WdS 41. &HHxb6 axb6
42, Wed hb 43. Hfl g6 44. Ll He7 45. Hfl Wd6 46. bgl W4 47. We3 HhT 48, Hfl Wis
49. Weq be7 50. Hf2 Weh 51. We2 Hf6 52. Wb2 Wd5 53. Le3 eb 54. f4 exfd+ 55. Hxf4 beb
56. h4 16 57. e3 Wed 58. g3 g5 59. hxgh fxg5 60. Wh2 Wh3+ 61. Jed g4 62. We2 Wxg3 63.
Wed+ e 64. Wes W3+ 65. beb W6+ 66. bdb Wd6+ 0-1



