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Abstract: This paper describes a supervised machine learning approach for building a mahjong program.
We start with building a one-player mahjong program by Perceptron learning with game records of expert hu-
man players,and adapt it to four-player mahjong. The adaptation is achieved by incorporating the “folding”
and “calling” functionalities that are separately learned from game records. We have evaluated the playing
strength of the resulting program on a large online mahjong site “Tenhou”. The program has achieved a
rating of 1,651, which is considerably higher than that of the average human player.
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Fig. 1 Proposed method.
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Table 1 Features for the one-player Mahjong player.
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Table 2 Winning rates in one-player Mahjong.
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Table 3 Winning rates and average socres in 10,000 games.
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Fig. 2 Classification of errors.
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Fig. 3 A position in which the player folded.

3 RBOSEETH 5 HHIRICH 2 W iz72n7s,

2414



BEAIEF =R EE Vol.55 No.11 2410-2420 (Nov. 2014)

x5 yIrF—HE

Table 5 Number of correct answers.
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Fig. 4 A position in which the player “Mawashi uti”.

Thb., LPLEHWo—FRE—CEOKEITEL TS,
BIRIC L S W—FFEORETH 5 v 7 MR¥L[16] 12 0.75
ThHh, BBUAKY-RHHL %) TrwRmEZLTHN
TWwWbEwz b, — L o748 DFEZE RS & [
LITE] OREA 47T &Y, Fkh O 1 DR & 20 7%
WEREL-FTTHo.

B LITH DEBAR 2B %2R 4 1RT. o T LA YDz
ERRIZ LB NERETIZISETH LY, AOTLAY
DN —=FIHB L THY TH L 1 FHxtlo7zb ) k)%
JRHETH 5.

FREFTIELVWEHBTETY, 200D Z2on
b LIS 2004 2 00 WL R b H-72. B 5 1
2 NOHIWr A2 /jE T b, T CTHETIZ2EE
Yortz. INEEIRLENTHED, AV IEHRLTVAS
EWV) T ARKEY LRI Lz, UL, REEERDLE
QER6HERILGOTLAYD) —FIZHYTHY, 4E1F
CHENZE)THE, INLEY > TWLHIZFERD DA
AVINTe B T ERGERBIANY) —FHEPW AL LNk
Wi, TOTLAVIIELZINE TSI L EFHO TV
7259w ET BN LITH & HE L7,

O LTV TR RO 2 2 % 5 &9 HH]
Wi 2DIEZ07VLAYOFEBNLEZHFRE MEHAT
B, LB TFTMT CE AR EORERS 23
TLAXIZE o TELIEFIRESNETH 5.

Fo—ERED LRI L 72E, ERICE VRN TRT
0 EHMTS 5720, B0 LA LITS THE VN E S 72

© 2014 Information Processing Society of Japan

Miizzzizesiiniis:ig
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Fig. 5 A position in which judging whether to fold or “Mawashi
uti” is difficult.
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REAN L b S EI 2 =M E TIT o 72, SVM O FEHE LT
LIBSVM [17] Z vy, 7 v K —FICkoTH Y T >
N—=ANVTHVLENRTA—FDIARAL (¢) LH 7 (g
wiEfb L7z, 77Uy B —F oz ez 2710
5210 FCftiz 2 5% A TI - 7.

FHRT—Y RO 5 FHHKIE 531, 9 TrWEHIE
5,185 TH o7z, FiRZ2R 7T IRT. BhoBEEERLITY
AT LI L PP ERICERTH - 12EETH 5.
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Table 6 Features for folding decisions.
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V—=FLTWD»
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Bl n»

MEICE VR AT DR

Y72V DZDT LA YIS L TORERE

B DR

D% ) OFE
DO

HTH D F IO

N e e e e e e S e e S O SR =

XTwRh VI HETHL, WAL HREOBITY F D SRMOTRER
BEMTHD. 7Yy FH—FORE, =25, = -7 Table 7 Result of classification of folding positions.
DL EDROWEY BRETO F HAE . B 5T 25 T
Z O L) BB A THITE 2 2 55 A 0.76 0.97
[§]
. B 0.71 0.97
ot F fii 0.73 0.97
£8 1 NHETLAYOEXIZHL CEINY 5 HME
Table 8 Additional features about calling for the one-player Mahjong player.
P it FoH
Rl 5
) —F DT E LU REED D B D 2
HAD 1~9 OFBMOKE 0, 1, 2 TRy — > 19,472
#F L7z 6@ A n (1~2) ORI L -HEEOMAY 136 + 9,316 = 9,452
FHORE UM2s 3 Pl Lol 2 MU EOBOMAE 5x7=35
FRDE URiAT 3 U EOB+E > B e Fho 2 MU EDb DL DMETESIZF—% L 5x7+1=236
FMERBZEOHRD S v T OE L mEY 16 4+ 16 = 32
WHET 2 3 OO TOKMOEHEZOKTIZL, IVECHET -2 EOLOMAEE 512 x 2 X 2 = 2,048
F—r GG R/BD 1~9 OBF D474 512
O TS L NEO+F UG 23 THORE <3 16
EDOH TR S L WO+ FMORAF Ut £ 723 FEMOREIF#E x3 16
FEOT LTSN E 0 Bt Lz & ZomlEsk 16
2OF D o IR DY 8
3DZEhH oKDY 6
Foo¥ (0, 1, 2, 3DE) Foid2~8 Mo FT Dk 4+4=38
R L M oM 5% 15=75
PR & s dd o F 71350 E O F 7213 R LIEH OfMA 2x3x19=114
D B I GAT & DD &S DD 3
1, 9MAEBWE 1, 9MEIA & S ICABEEAHR S 20 (0, 1, 2 BLE) 2x3=6
T 1, 9oz 012 L7z e SR mEdEz 520 (0, 1, 2 DE) 3
JEE 4 FEHZ N ENORIBRZ N TR0 (0, 1, 2, 3LE) oflast 4x4x4x4=256
=Jeh 3 M EN T ORZE L MR 2 FFRbLOME (0, 1, 2, 3PL) oHagE 4x4x4=64
RIFR L PSR E B0 T % 2 L CIRBEEANE 2 7 5x4x2=40
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DT —F % L72T VLAV —FT 2T 50, HbHVIZE
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Fig. 6 Learning curves.
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Table 9 Accuracy rates of calling.

MEEDTF | kot wa2—F L7 WEOAKIEM IEMFER
s < 6,230 3,755 1,435 84.2
B | 22,164 19,392 N\A  90.7
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H5. BN FHOIEFRELZRKE MRS Bniz)E
WO A DIEFFRAKRE LRl - 72 BERIEEE LR %
FTRTOFETHLBED TS THA ) BEICRE L2
LIZHB.

8. 1AMRETL A YD 4 ARENDES

MEE TOMELSRED 2 FH O &6 X 2479 H1E
WTED, ZOETIELIARET LAV EMEY, +E
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HOOFETORHO 7 U —F vy — N CThb. FIMTTX
LHEIPRERELC, MITTELEEFTRTCYEMTT
Lo MITTELWEXIZ T AREL LT ERT L. £
DRZ L L1 6.2 HiTHM LM EL S 2 E) 2%
MW 2. BED THITIUE, ROIGEAZMALTOL —
VT L, B THNIHED ICLERE 25, AL
DEDPEIDPPHWTH L7720, MLITHIZEEL 2.
B ZRROEIRIE, DT OHEBETIRET 5.

o TNENDTLAYIZONT 6.2 filldh bHEFEDE

WIIERL TR % % 5.
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Fig. 7 Flowchart on the player’s turn.
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£ 10 JEM A6
Table 10 Rank distribution.
TLAX 1A 2 fr 3frR 4frR EWNERE REe% L—F1 v
N—=2A74 VY 4EE | 0236 0321  0.234  0.209 2.41 402 1,651
N—=AF 4 Y +FED 0.237  0.240 0.259  0.264 2.54 834 1,507
N—=AF4 ¥ 0.181  0.216 0.252  0.351 2.77 504 1,262
|$E$GD?Q'CH§ ‘ =11 AT - g
L 2 = agE Table 11 Winning and Hoju rates.
[fa7TEEn —> 17T T AT o
P N=2AF A ¥ +fE) +15 & 0.275  0.149
S S VR 3] 0.181  0.144
B+ BME MO —EL R—2AF4 v 0.188  0.190

Y TLEL A

IRAVEWERI
N8 <k &1 5 h8 &R

ROTLAYDOE |

8 MFOFETH7E—Fv— b

Fig. 8 Flowchart on opponents’ turn.
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L. RIZ4EED Y, EhSBEESE, $FEE, B ik
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LD AIEA vy 7o — ATAELT. e LTlE
SENERE (L—F 1 > 7)) #WA. L—F4 7 (R) &
EPINERL E BDOMB 2 FFORRETH . BRI (3)
TRtHEEN 5.

AveR — R
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01 TFHRATEICL—T4 2703100 ST EEAT 5.

8.2 FHMiEE

4BETER L L NRRET LAY TH D [R=AF 1~
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FHPLZEBY, FFWTLAVIEEENEBICH S, T
FLIMHFOMTHALYVMTEINLZETHD. KT
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FEAIE LTIRWIE ) 5B, 1 BOh TESN LB
AT - BEEISEEL, 1RO & L TR % IE A
REL. L72ho THIT - BERSIIMERL A0 &K & % BIR
2 B [12].

[R=ZAFA V) TLAX ] F [R=AFA4 T LA
Y] LRI EMTEITDT LT L2k
EET LA, [RXR=ZAF4 4+ 7L A Y] 3AT 2K
R A IMMADOR TELZM L CFEH L TREEL 2 &
ICREN BT ERHME LTV, AITHRIIETT S
PGEES L VLT T 5 2 LIS O RIIHFRE
BYThHhotzbwnz b,

[ N=2F 4 V4BEYVFBETLAY] 13 [R=ZA T4
VHBEY TLA Y] L RET S EREES DT AL
M THRIIKELS ER L BE%247) L HOOTHAS
Bl b0, BEEEN LA T LI ENFHINL D,
ZHULICRE L o THTHRPELZD, TRHFRIE
HrrEBHhTHo 7.

[ R=ZAF A VDB ETLAY] OL—T 1 V7
1,651 BIZ% o 72, S L —T 1 ¥ 7 H 1,500 HDFH
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55, HEOAKRN A E VoWV, EELAWVICH D
Ph56T, TNEEOENZHZDIE 1 NREDLFE L
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