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Building Computer Mahjong Players Based on Expected Final Ranks

NAOKI MI1zUKAMIL:®)

YOSHIMASA TSURUOKAL:P)

Abstract: Deciding moves based on a long-term strategy is important in repeated games. This paper de-
scribes a method for building a mahjong program that considers expected final ranks by taking the repeated-
game property of mahjong into account. We train prediction models using information about game states and
final ranks in game records. Our program decides moves based on the final ranks obtained from Monte Carlo
simulation using the prediction models. We have evaluated the playing strength of the resulting program
on a large online mahjong site “Tenhou”. The program has achieved a rating of 1844, which is considerably

higher than that of the intermediate human player.
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BIREERBRETH > TH EREDAIZRE L. T
SL%EYA DN ETCHEIEE2DD ARV R—T 2 —
ZUXEMELZ. Fiie LTI EEERN (V—F1>2) %
Awad. =712 (R) LI VEHIEA L & OFHE % Fr
DHHETH D, BAMIZIE (6) THEINS.

AveR — R
I
Rank \XA1EID 7 — LA TOIEMTH 5. AveR (ZHD
HORTHS. ¥l RIX 1500 TH Y, b & Z FHIELH
0.1 FABZTIZV—T1 V713100 fIFE ERT 5.
V=T« V7RV Aike UTIRZELV —T 1 v
TERIBELV =T 147 9 D DOPREINTWVS.
BEV—T 14 V735 ETOEMN A% & DRI 728550

R' = R+ (50 — Rank x 20 + )x 0.2 (6)

V=T 47 Thd. RELZELV—T 1 73T 23
BOMERERBNZYOHBUEEOREL —T 1 VT %
FAWT, BEV—F ¢ ¥ 7 OBEN M % RS 5 %E
L—=F 47D ThHb. ZHNIFELRIAGHDOEEN
ZEP o AR A D H LT H KA RE R S L CTH 5.

6.3 XEITOWNEKICEITHHER

REFELBEO RHREA L RTFMIETHEIKESD
FE B D3O E Tz, WEKEREZR 5 I1TRT.
Bootstrap Resampling [10] % F\ T NEAL O {5 X [
(p-value < 0.05) ZRKD7-. EEXMIE -ty Z1IVE
ko THELRZ., 7—FA T v ZEEUZ 10,000 [H &
L7-.

K E (3] LD ERIREADEENEMDZEIXT =V F Dt
AE (p-value = 9.3 x 1075) 12 X D IEFHNICERLRENR
N7z, BEDEIhERG A L REFEDOEHIEM D AT Y
IVF Dt RT (p-value = 0.26) 12 & D ERFHHICT AR 2 2EH
Ronihrorz,

W0 RIREA L IR ETEOMILZEL —T 14 V72D
WCIEBE D I READIES BED o7z, ZOMHEIZFEHD
ZEUR AR LAREZ IR T 6L SIZHEHTH Ok
Bk, REBDLNESDEWMEEZ H LR TV, EE, B
D READRILE LV —T 1 v T ERDD L EIZY Y
HUZREBUX 4,300 1F 8 i TH b, BEFED 1,500
RETREDOR P> 7220 LU TH H F 0 EITMO
AN

M7 -t RIS RGER e BN R 6ITRT. Zh
S5 1BOT VA VYOI Z2HET 272D E<HVSH
TW5b., SATHFICARE D IR ZE AT LI LT,
BA7aG & 200 5 URIZERE SR 2 NP5 Z LTk U 7.
BEFELBRY RREATRMTE, ke LK
Lz, ZhEZDTas 5 LRSS BT R R
< &M % SBUR I CBALIZ LD R AZ W28, A —F
AETHHL TRD DR, B Tk VW&
W 70RO EL - Bbhs., F/-A4A—-F A
ANRERKRDTH T TE75 =AW, MTRIPWEL
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= 5 JERLsA
AR 2fiR 3R 4 AR SESEN. RAE BEV—Ta VY REIRELV—T 1V
REFH 0.294 0264 0.242 0.200 2.34 +0.05 1508 1844 1752
Mo sIhREA | 0277 0273 0251 0.198 2.37 +0.03 4755 1821 1781
K E [3] 0.241 0281 0.248 0.230 2.46 +0.04 2634 1718 1690

xR 6 M7 - bR RN

MrE  HEE  [ABERREEE RBINK
REFHE 0.253  0.113 0.114 582
Mo sIhREA | 0.247  0.116 0.114 619
K E [3] 0.245  0.131 0.127 412
KT ORBICETBET—X
by TSR by TEL DR S A[AkR
REFE 0.807 0.104 0.237
B 0 DB A 0.781 0.106 0.227
KL [3] 0.750 0.086 0.241

rBbhs.

BN L k2R THoNEENE 2R TE - -ETH
5. EAIZIZZDEREWVIZEEN T LS Y I nb.
B0 Dh=RE AL Z D2 R T 2 HINTFZRERLT
W7z, REFEIFZRNE DD RIIRBEA L 0K, UL
Ui o SEIERL ISR O I REA L DB ELTWS
b, ZOEENSZOTaT T LBRNE TR BIRIER
EERBLETLAYTHDI N5,

FECRBCEIWT OB B R T WIMRRIEAIZE LT
DTF—R%E R TIZRT. RbBD by TIHFRIEA—F A
Thy 7T ThHBLEIL, BEMEEN MY TTH-ZEAET
HB. by TELODRIIA—F AT by TTRVEHZ, &K
MAERD by Tl o 728G, T AEERIZA—F AT 4
REDWHZ, FBAEKERN AN TH D EETH D, RETF
XD RINRE AR, by THSER, T AMERD

BAEMT E U2, Z 0 S, BEFEA BRI O H
WiAmELZEWR S,
6.4 E=R

X 2 28R%2ERLEZFOMNEZRT. BEiEA—7 X,
FEORIIE 70 275 Lh3 35,700 ST 1ALTH D, 2D
735,400 i, HEDO AL IFEBIZITEINTWS. 5,
4IPS ) —=F 20D, RIEI 7072 L0ERL 72
ZATH5.

CORETRERI LIT) —F 2 - CIEM 2 B8
BWZ L EIRVALGHRODZBEY S RN & THD.
AETHNE, ZOV—FIZIRDIAAIZLARTNIE Y
TTHY, V—F %D L TIEMNIPELL LD, ) —
FHIIN U TEY»DHEBH NG 6 € v 2o TH I
T3, ZHIZEVIRDIEETY EDFEEMENER D, iR
EHWIRHZIEE D ICMBZ I TE D, BRI E B E
WANBWETFHEO a5 5 ThiE, 6 ¥ 2t]o
TV —=FLWIBIRTH o 72hY, THUTEEIRIAIZET

RERRROSER R &

ev| Step | Back

2 RREZFEL M

THhd. BEFIEF IV 2Y > TR 28 RE2LE. Z
NIZ6EVEY->TY—FTE2L0BVFETHB. HfkiH
IR ZORIRFERLT, 1iEFo7x.

BFHEDO IO TS ABEREFTHD 6 EVY o TXIHH
KA WEHIE, Z0TaS T LN —F B THRFITIET
RTHD2EWIL—ILEZHWTWE2OTH S, BERN
HEZTY—F 2T DHWILR 255 A THRHETH 5.

REFHEOXFZ2 RARY, BIEDIEMD 1 A7 DKHXF
E, AN ORI AR S N2, HFO/RATHIZ
SEEETHEL TWB7280, T L OMEVSEEED 2 %
HENTWBIGEE, BELTHHEINI I i3hnwe 7
077 MF-> THEATLUE S, EBITIEE R I 2ENL
Wi d 2 Z L AMEHT 2. F 2 THR DA A 54 O I IE
RLIZBAEDHIMIEAL 2 EE S Z & 3R WwE LTWS, 0D
7-HREEDZZDIZENTFITH LU THATHEET 5 & n
SHEATERWV. INEMHRT 2 72DICIFHTFOR/ET
W2 TIERLSAMATTHT 2HELH L. Zhit k-
THIEDORE 2R EZRT 52 VW ERIZARD, BEkRO
HEBEAEEBRBUEEES X O DRMIIE < L AFX
Nna.

7. BHYIC

AHFFZE TIEBAE D BRI D & BIRIEN 2 FHIT 5 EF
WERSEL, Y Ial—>ayOmEle LT FHRINER % (i
MdzZ27T, BINETIZ L BKKZIENZZE L3
VA= RRETVAYOFERETETN T XL 2R
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Algorithm 1 %Y gkl
function % b gIh=

turn > 5D IEE
tile > HAmHRZ 5
hand > B3 OF M
winning_tile > b R
sum =0 > D AEF
win =1 > RFERRL D Y 72 & 72 O iRk
win_tsumo = 0 > HFEFYER T T 2HER

discard_turn = 1 > BINETY) B A Y 72 & 72 W iER
foreach i € all kinds of tiles do
sum + = tile;
end for
foreach i € all kinds of tiles do
hand; + = (4 — tile;)/sum x turn > {RAIZ FEEHL
D% <
foreach j € opponents do
if Player;.waiting = TRUE then
win; X = 1 — winning_tile;;
end if
end for
end for
foreach i € all kinds of tiles do
win_opponent + = (4 — tile;)/sum x (1 — win;)
end for
tmp_turn =0
foreach i € all kinds of tiles do > win; D EWIEIZ
Y —h
while tmp_turn < turn do
if tmp_turn + hand; < tmp_turn + 1 then
discard turnint tmp_turn
X = pow(win;, hand;) > EBR DM %] > T
Wi SRV ER
tmp_turn + = hand;
else
discard turnint tmp_turn
X = pow(win;, int(tmp_turn+1)—tmp_turn)
hand; — = int(tmp_turn + 1) — tmp_turn
tmp_turn = int(tmp_turn + 1)

end if
end while
probability = 1 > [ D iR
end for

for i =0 to turn — 1 do
probability x = discard_turn;
for j =1 to sum(Player.waiting = TURE) do >
H2ZBR<BERLTHW 2 7L A YO
probability x = (1 — win_tsumo) x power(1.0 —
win_tsumo, sum(Player.waiting = TURE) — 1)
end for
end for

return probability
end function
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EU7Z. FHIEMBAROEES S, BFEOMELDLE
HIZITD Z el o7, EROT2PET 5 FIHIZ
BWTH 1IMAESEE, 4o MUKKRDOT %2 #INT 5
ZEWHERIZARD, AMO LS REHNREHMAIZLEFD
BIRPAREIZ R o 7. fERE UTRR 8] 128V T 1,508
REEWMbELIER, ZELV—T 1 VM 1844 1LY,
FREOFEYEBZ, FTDOLEOK EET T LA WREREN
2 Thotz.

SBOBEO O & DIEFRBRIIZIEC 72 1 ROF#BOF
E2ETIVOMETH L. 507077 MIFRIE— MK
BOFEERTZZITITHY, EOLSREBIRRTH -
THERUTFRIET. ZDRDA—F AT AAE VDRI
HoTH, MITUELUTHIEMDED SR WFZERL
TULES. YA, EHZEES OSBRI T, gD
FEELZRENEZEBLTED, ZOHEII BRI 2B
WWRELSHETL-OENMEICKRETHS. £24—7
2D AR EMETLATIHELDO T LAY S RTHEY
SOTHY, 77 LDHLFOREEL VWD HTHEE
TH5.

SE

[1]  Miltersen, P. B. and Sgrensen, T. B.: A near-optimal
strategy for a heads-up no-limit Texas Hold’em poker
tournament, Proceedings of the 6th international joint
conference on Autonomous agents and multiagent sys-
tems, pp. 191-198 (2007).

[2] Papahristou, N. and Refanidis, I.: Opening Statistics
and Match Play for Backgammon Games, Artificial
Intelligence: Methods and Applications, pp. 569-582
(2014).

[3] Mizukami, N. and Tsuruoka, Y.: Building a Com-
puter Mahjong Player Based on Monte Carlo Simulation
and Opponent Models, Computational Intelligence and
Games (2015).

[4]  kmo2: F 72 Y%, http://homepage2.nifty.com/
kmo2/ (2014).

[5] & 2 & H Ik : MJSIMO, http://totutohoku.b23.
coreserver. jp/hp/MISIMO.htm (2003).

[6] Duchi, J. and Singer, Y.: Efficient online and batch
learning using forward backward splitting, The Journal
of Machine Learning Research, Vol. 10, pp. 2899-2934
(2009).

[7]  Duchi, J., Hazan, E. and Singer, Y.: Adaptive subgra-
dient methods for online learning and stochastic opti-
mization, The Journal of Machine Learning Research,
Vol. 12, pp. 2121-2159 (2011).

[8] MAHIEE : KB, http://tenhou.net/ (2014).

O &2 EHIL:MEHMEZEL —F 1+ ¥ 77, http:
//totutohoku.b23.coreserver. jp/hp/SLtotul4.htm
(2001).

[10] Noreen, E. W.: Computer-intensive methods for testing
hypotheses: an introduction, Computer (1989).





