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Performance Evaluation in Mahjong using a Variance Reduction
Technique

TAKUYA OcaMr*!®)  KATSUTOSHI AMANO*2 RyovyA NARA? YOSHIMASA TSURUOKA!:P)

Abstract: In mahjong, the Monte Carlo method, which averages the results of multiple games, is used to
find the average rank, a measure of a player’s ability. The variance of mahjong results is large, and the
confidence intervals for a player’s ability are wide. Therefore, a large number of games is required to ac-
curately estimate a player’s mahjong ability. For example, Suphx, who achieved an impressive 10-dan in
Tenhou, played 5,760 games over a period of about 5 months before reaching 10-dan. Then, the objective
of this study is to find an estimate that better represents the players’ skill than the average rank. If we
can obtain an estimate that is an unbiased estimator of the mean rank and has smaller variance than the
mean rank, the number of games needed to obtain a confidence interval of the same width can be reduced.
Poker, which is also a game of imperfect information, studies have been conducted to obtain estimates of
a player’s ability from game data. We proposed a method for estimation in mahjong, where the game tree
and information on the board is larger than in poker, by introducing a deep neural network and dividing the
game into smaller units. Experiments were conducted on the records on Tenhou, an Internet mahjong game,
and it was confirmed that the estimates obtained using the proposed method have an expected value close
to the mean rank. However, when we tested whether the obtained estimates were unbiased estimators of the
mean rank of the players, the results were not significant. The variance of the estimate is 14% smaller than
the variance of the mean rank, confirming that the number of games required to draw the same statistical
conclusion is reduced by 14%.
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Input: V,; value function of player p(p = 1,2,3,4), N :number

of iteration for each epoch, B: batch size z: terminal history,
u = {u1, u2, uz, us }: utility for each player

1: fort=1,--- ,N do

2 sample B tuples of (z, u)

3 initalize Luck = {0,0,0,0}
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5 VP(h, i)i:{1,~~34} =Vy(h)

6 weight V?(h, i) according to equation (7) and add it to

Luck
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9: L = sample_variance(@)
10:  update 0 using Adam[11]
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WX hizZ e iR I, K3 T, iFHMiixRo 7L A
Y—j JrifikTay b LTV, M, m; ECE
J B ERIRLL O MRS s ; &, HEMFOMEDHL 57
DIt fERT. BTOTLAY—IZHL, f<liX&oT
BY, BEFEZ Lo TMETHDHIRE A TNE Z e d
bbb, Fiz, B F(m; —1,m; — 1) O 5% m%
ML, TR f = Foos(m; —1,m; — 1) 2RT. Foak
DMEZITS &, RMREEODE M Ty bEhiz T LA
Y—IZBE LT, RERH Hy: 02 = 05 DEHIXINS. o
T, 56 A8 AZRRL 48 AD T LA ¥ —IZ2oW0WT, BE
KHE 5% O N THREICOTHDHIR T Z 72 Z 2R E .
F72, K4 TEFHEXTRD 56 HD 7L A ¥ —Triz, R
(12), (13) WCEEDOKMEMER 21,20 Z 7B Y PLTWVS
72720, BEEZ =008 L7 KPoRiELD FofE
Bizolay FERTW3 7L A4 v —IZB LT, IR
Hy BEH XN, BEKES% OFFETHIMEHEEICR > T
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ENAHEHICT ey PEINZDIE 56 AF S8 Nice gD,
ERID TV A ¥ —12DWT, SHERD 7 HEEEDFIINENL
DARRHE L BoTWVWB WAV, HRERE LT, &
iV ZREBPA D THE e nEZILNE. T
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4 FHEHRDOFLAY—T8IZ, T> 7§ DT LAY —13HaHaE
Bk, 2<gOTVLAY—IF 20 RHR. (6§ = 0.08)

SERTERY — 2BV T T LA ¥ —OREOHAFE IS
BDHEEZITS MIVAT [4] %, X hBHOWERIEMETY —
LARDRKEVWHREICHEAT 2 FEICOVWTIRE L. $#=#%
FEZHVE 22X o THRDED L, B EI AT
VIOMARFE LDV & 5 RHEEMEERD SN D Z & MR T
/. —HT, BONHEBEI LA Y —DFEEL D
FREEREH > TVADRICOVWTHRERITo/28 25,
BERERERT LI TERL -T2, IBIT, THIODR
PELBIZF 4% ¥ EBERE o T,

SHOBLEY LTE, 7—Xty b2 LTHEHT 27—
XOPEWMEE2 2, THHEHIBOMG 5 A XY b
RN 28BN s. AFETIE, JIFHOT—
Xty b LTEXZ 400,000 DT —&E vy bEHN
7=, —RmBHTEDICF v VAT LAY —pTEIR1T S 5H
FeTHE2WRD, TRENDA XY DRI
CORREFG T 20 HEW T 2 7o DT KB 7 — X H
BB EEZONS. £, WEMORNZ TS
BBl I 0ZBL DT —REHWE ZENREE LW,

4.1 HiITlBARIEY, AR TR OBHEHIROMRE LT, 7
LAY —DYEDHIEROMEREBOLEENZOAEHL TV
5. T4 Y —0OREF%ROMERRBOEEH L EET S Z
LK THHOHBERM LI 2B TELZEE X
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