FHEEHRN O DIEREREDHTEICEL S
D ProbCut D4 gEMm £

mE LY R SRS R R w2

BE :

FPHARL DAV Ea—2 TV A Y, BEOEEHE %17 MK 2 T —ARBERE2T> T 5.
Ub UBHIBBASE SR H < ETHEE T2 REHE 2 ML UTRZ L TDOMETH Y Z DMifEDL & DORE L
FLTWDEDTHDINDMNERN. TORMENS ENZITHENEL D200 %32 Z LT D
BREEWMEHETIZEDTHE0EEZ2D L THETHD. KPIETIHEVERTH LN D FEE & 2%
WEER T O ND FMIEDEI OB 2R 5. £ 72RO EROEHEM AR OEER TE L N D 3Rl & 0o
BRTEOLNDTHMIEDZEDHHTRHATE S LIKEL T, & H/EHOREIERD O %S O %
WETDFERZRETD. EEENNIVE FHIX N FEIZHFCERDA 2T ZEECERZ BB LT
EZDERENDBENEEZ L5NDEDT, TDO LD BFHEIZDWT ProbCut 2475 Z & TRMET O 7S A
DA E%2 X5, FHEAD pProbCut NDAENMEIXHEZR T X720, RETFIEIZE D ProbCut O ZM
BEM EIxR S NRn-o 7.

Improving the Performance of ProbCut
by Using Positional Features in Shogi

HiroTAKA KAMEKO!® AkiRa URA2 MakoTo MIWA3 YosHiMASA TSURUOKA?
TaxkAsHI CHIKAYAMA?

Abstract:

Computer shogi players usually use evaluation function in game-tree search. However, the values returned
by evaluation functions are point estimates of the values of the positions and do not convey information
about how reliable they are. It is important to estimate their level of reliability by quantifying how much
those values may change. In this paper, we investigate the distribution of gaps between shallow and deep
evaluation values and propose two methods to estimate it. We also try to improve performance of ProbCut
using the variance of distribution. ProbCut is effective in Shogi, but proposed method couldn’t improve
performance of ProbCut.
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ProbCut 2475 Z &2 & ) BTG 72 ) DML ) — R
BUTIBA U2 E DDEN%E LA 2 BEER ) — REOBII K
WUTEY ERRTOBEEREZ2 KE<EHRTITWVS.

x 2 HREOEERE (¢ ETE)
FEEIZFHENH D | 2.94t 4+ 65.9
TR HEML | 3.80t 4+ 69.3
M ERIZE < | 3.40t 4 92.8
fy LHHFEOEM | 2.52t + 98.7
fy erhde e OFERE | 3.35t + 76.7

Z Al 3.41t +25.9

xR 3 PR/ — REODLLK

—EUE | K (s) J =R (%) #/s
ProbCut % L 574 4,294 402M (100) 93,722
&€ (100) 552 2,049 147M (36.6) 71,795
EE (300) 564 2,646 205M (51.0) 77,514
&€ (800) 569 3,272 303M (75.4) 92,670
H#ATE (3.00) 575 2,626 221M (55.0) 94,476
£8 (1.00) 558 2,640 209M (52.0) 78,222
Z#8 (2.00) 567 3,315 303M (75.4) 91,495
Z# (3.00) 591 3,701 362M (90.0) 97,725
ZE (4.00) 578 3,790 389M (96.8) 102,691
EE (300) B 569 3,237 273M (67.9) 84,238
EE (300) « 564 2,930 238M (59.2) 81,246
R4 BRE/—REOHE E17E 96 M E)
—B | R (s) J—RE (%) #/s
ProbCut % U 658 8,251 941M (100) 114,087
EE (100) 626 3,504 296M (31.5) 84,473
EE (300) 643 4,451 419M (44.5) 94,020
&€ (800) 657 4,624 476M (44.5) 102,974
HEITE (3.00) 641 3,581 338M (35.9) 94,476
ZE (1.00) 642 5,279 523M (55.6) 99,124
Z& (2.00) 665 4,870 506M (53.8) 103,913
ZE (3.00) 670 5,364 593M (63.0) 110,456
ZE (4.00) 671 5,565 633M (67.3) 113,663
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ProbCut DE L R I/NT A X DENIZ & D50 g
FHOWIZE DT R o7, Tatofainss 35 Tt
&, 1 PO ZERE LU TONEEZITS. 200 F (BEHWIZ
100 F3°2) FEUTHREDOD AN HIGEIEE I DT &
95, A—REICOVWTHEEZEE ANEZATHETS. 210
T 420 }HEE ATV, BIESIHIX 0.5 B 0.5 ite U TR
EHETD. HEEEER5ITRT.

SV VOBRBENSLSTDERNIBIZETBEUA, £
=Y VDRBEREIKLTEITCELAETBTLOITE-
7=, BYREHRE S5 X5 Z & T ProbCut % U WHTIZ
HUTHRICHBLET Z LR TS /.

x5 HOWEOME

VA 1F | #% (win-draw-lose)

28 1.00 vs ProbCut ffE L 3 | 167-32-221 (0.436)
Z#H) 2.00 vs ProbCut U 3# | 185-17-218 (0.460)
%8 3.00 vs ProbCut fEL 37 | 209-23-188 (0.525)
28 4.00 vs ProbCut &L 3™ 192-23-205 (0.485)
&% 300 vs ProbCut &L 3 | 141-32-243 (0.374)
&% 800 vs ProbCut L 37 | 209-27-184 (0.530)
HEATRE 3.00 vs ProbCut L | 38 | 198-28-194 (0.505)
HEFTE 4.00 vs ProbCut L | 3% | 201-26-193 (0.510)
28 3.00 vs [EE 500 3® | 202-21-197 (0.506)
2 3.00 vs [EE 800 3 | 205-20-195 (0.512)

% 6 ProbCut & Null Move Forward Pruning ®{%

NMFP 234U 2% | NMFP 24U RN

ProbCut 234 U & 525,612 346,687
a 1Y ML B 6,693 0
87y MAVEL B 47,786 73,222

% 7 ProbCut & Null Move Forward Pruning D% (o 7Y
DH)

NMFP 24U % | NMFP 24U KW

ProbCut A3 U & 491,867 485,189
a Y SHBELD 22,944 0




5.5 ProbCut & Null Move Forward Pruning DORS{%

AREBRTHEMALZ7D VT AIFE& 7 — RIZEWT Null
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5 ProbCut O IZFE Y BN D) 23F8 4§ 2 MR DMk
FTENIRIET D, 2T/ — KT Null Move Forward
Pruning 2% 9 2 B2 & ProbCut B3FHEAET 2 EHD
BREFHEL~. BN FERORET1F I - £F
BFLEILFH YTV (2.00) TREELZ&PDE ) —
RORIEEBA LT 72, #8 — REAY 100 11/ — RIZ8 2
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BULZ W, B HEU~ 121,008 / — Ry 4 iz
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AFFFED ProbCut 1Fi% WK % Null Window FEERIZ &
VAT S 72H, 3ETRUME D ROEEROFLANE % @ 5
BRRIZE-TRHRD e THRIEAD A Z LV EYNIHET
B2 ENTFHINDG. BROVERIGEBFEEREZITV, TO
FER%ZFHWT ProbCut OMEELZ BT 2B ENHD.

SE X

[1] Heinz, E.: How DarkThought Plays Chess, ICCA Jour-
nal, Vol. 20, No. 3, pp. 166-176 (1997).

[2]  Buro, M.: ProbCut: An Effective Selective Extension of
the alphabeta Algorithm, ICCA Journal, Vol. 18, No. 2,
pp. 71-76 (1995).

[3] Donninger, C.: Null Move and Deep Search: Selective
Search Heuristics for Obtuse Chess Programs, ICCA
Journal, Vol. 16, No. 3, pp. 137143 (1993).

[4] Heinz, E.: Extended futility pruning, ICCA Journal,
Vol. 21, No. 2, pp. 75-83 (1998).

[5] Fan, R.-E., Chang, K.-W., Hsieh, C.-J., Wang, X.-R.
and Lin, C.-J.: LIBLINEAR: A Library for Large Linear
Classification, Journal of Machine Learning Research,
Vol. 9, pp. 1871-1874 (2008).

6] TNEEE, &THNE, AR SHIZE T S ProbCut O
IEEBRADRA, EHRE 292, Vol. 2005, No. 87,
pp. 9-15 (2005).

[7]  Buro, M.: Experiments with Multi-ProbCut and a new
high-quality evaluation function for Othello, Games in
AT Research, pp. 77-96 (1997).

8] AR IVEa2—GHOFH LVEIE 3. avEa—
ZRFHUIZ B 1T B eiEHER L futility pruning DG, 5K
JLE Vol. 47, No. 8, pp. 884-889 (2006).

9]  FHE—H, ElfE: ProbCut OWE LIFHA DA,
Y¥a—&Y 7 hUxT, Vol. 19, No. 3, pp. 201-204
(2002).

[10] BEB &, WA, N 84T: ProbCut oA 2 -
REDORI LN TA—REER-5E -, The Tth
Game Programming Workshop (GPW 2002), pp. 73—
80 (2002).

[11] B, AR, AL — SR~ —Y Y& HW5 Futil-
ity Pruning, The 12th Game Programming Workshow
(GPW 2007), pp. 1-8 (2007).

[12] Tsuruoka, Y., Yokoyama, D. and Chikayama, T.: Game-
Tree Search Algorithm Based on Realization Probability,
ICGA Journal, Vol. 25, No. 3, pp. 145-152 (2002).



